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FOREWORD

This interim scientific report presents the results of a twelve-month
study conducted by Battelle Memorial Institute, Columbus Laboratories, for the
NASA Electronics Research Center in partial fulfillment of the work performed
on Contract NAS 12-~550.

The bbjective of this study was to extend the evaluation techniques
developed for pure strapdown inertial guidance systems, in a previous phase of
the contract, to aided inertial guidance systems.

This volume presents a summary of the study results, detailed tech-
nical discussion, recommendations, and conclusions.
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DEVELOPMENT OF AN EVALUATION TECHNIQUE
FOR STRAPDOWN GUIDANCE SYSTEMS

Interim Report for the Period of
February 1, 1968, to'February 1, 1969

BATTELLE MEMORTAL INSTITUTE
Columbus Laboratories

INTRODUCTION

This report presents the results of the work am "fxwelopment of an
Evaluation Technique for Strapdown Guidance Systems'" for tle time period
starting February 1, 1968, and ending February 1, 1969. This work was per-
formed in accordance with the statement of work which modified Contract No.

NAS 12-550. The purpose of this modification was to extend the evaluation
techniques developed for pure strapdown inertial guidance systems (Reference 1)
to aided strapdown inertial guidance systems. This volume presents a summary
of the study results, detailed technical discussion, recommendations, and
conclusions. To further the reader's understanding of the organization of this
report, the principal items of work for this reporting peried are summarized
below.

Summary of Added Study Elements

To accomplish the objective of extendlng the evaluation techmniques
developed for pure strapdown inertial guldance systems ta aided strapdown
inertial guidance systems, the work was carried out in the following steps:

(1) Techniques were developed to estimate the aided strapdown
inertial guidance system parameters used in the penalty
functions. These techniques are based upon analytical
methods and avallable test-data.:

(2) Celestial sighting and midcourse correction strategies are
incorporated in the computer programs by the specification
of the mission schedule. The mission schedule also is
considered in the determination of the amount of attitude
control fuel required to sight selected observables.
Guidance system power sequencing-is- determlned by the-
m1o51on event schedule. o i

’(3) 'The penalty functions developed for evaluatlcn of pure
: strapdown inertial guldance systems were expanded to 1nc1ude

v



all parameters and permit evaluation of aided strapdown
inertial guidance systems and all other astrionics.

(4) Error models for horizon sensors, celestial trackers, and radio
aids were incorporated in the computer programs. The error
analysis of aided systems which utilize Kalman filtering for
state estimation was included. This permits evaluation of
integrated optical/inertial guidance systems, integrated radio/

inertial .guidance systems, or integrated radio/optical/inertial
guidance systems,

(5) Digital computer programs were developed which:

(a) Calculate the penalty given the aided strapdown inertial
guidance system parameters, or select, from candidate
component lists, a quasi-optimum combination of subsystem
components which minimize the penalty functions.

(b) Calculate estimates of the aided strapdown inertial
guidance system parameters for use in the penalty functions.

(c) Evaluate celestial sighting and midcourse correcting
strategies for a specific trajectory. Calculate the
attitude control system fuel required for a specific
sighting strategy.

(6) The digital computer progréms developed were exercised on a
Jupiter fly-by interplanetary mission with a specific aided
strapdown inertial guidance system.

Guidelimes

The factors which have to be considered in applying the evaluation
method are primarily those associated with {1) the class of missions for which
the evaluation technique has been specifically developed and (2) the astrionics
design philosophy. :

Interplanetary Missions

The evaluatlon technlque, as presently structured, provides a measure
or index of astrionics system performance for the class of 1nterp1anetary probe
missions. These missions include flyby,'orblter, lander, and others suchjas
multiple planet swingby. The specific mission being used for the present: ‘work
is a Jupiter flyby mission. For this mission, the spacecraft passes close to
the target planet at a nominal perijove. The acceptable uncertainty in perijove

is also specified. No propulsion system is carried for orbit insertion about
‘the target planet. : S : , ;
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Astrionics Design Philosophy

Navigation and guidance of the launch vehicle which would be used for
launching of interplanetary probe spacecraft were assumed to be under control
of the ‘astrionics subsystems contained above the final launch vehicle stage.

It was assumed that the astrionics considered in the present work are an
integral part of the spacecraft as shown in Figure 1. It would not be neces-
sary for the astrionics to be an integral part of the spacecraft if only launch
vehicle navigation and guidance were considered. In this case, certain sub-
systems such as the spacecraft attitude control would not be considered in the
analyses. In addition, alternate electrical energy sources such as batteries
would be used in the launch vehicle astrionics. Since the results presented in
this report consider the astrionics to be part of the spacecraft, the space-~
craft electrical energy source, midcourse propulsion system, and attitude
control system are considered in the evaluation.

Attitude | e Inertial L Midcourse
Contx:ol ' Sensing / 7‘_ Correction
Unit Unit Propulsion

! T

Electro-Optical
Sensors

Communications Computer

Power --- Supplies all required electrical bower.

FIGURE 1. BLOCK DIAGRAM OF INTEGRATED ASTRIONICS

' The attitude conmtrol unitfprovides the reqhired torques for stabi-
lizing and maneuvering the spacecraft. Various mechanizations are possible,
The mechanization which led to the results reported herein is a set of six



pairs of thruster nozzles driven with cold gas from a single tank. Other

mechanizations such as reaction wheels plus gas jets or control moment gyro-

scopes could be considered. ‘
. 1

» The inertial sensing units can be either strapdown or gimballed. The

results presented in this report consider both strapdown inertial sensing units

and gimballed platforms.

A centralized general purpose digital computer is assumed to provide
all data management. For example, this includes: (1) navigation, guidance, and
control computations; (2) processing of data input and output to the communica-
tions subsystem; (3) control of all subsystem functions such as sequencing; and
(4) data storage and processing.

Components of the communications subsystem include both onboard
equipment and Earth-based tracking radars. The onboard equipment is assumed
to consist of the necessary antennas, transpoender, command decoder, and
multiplexer.

Electro-optical sensors include horizon sensors, sun sensors, and
gimballed or strapdown star trackers. All of these. semsors were evaluated for
the Jupiter flyby mission and sun sensors 'and strapdown star trackers were used
in the determination of the results presented in a later section of this report.

The electrical power source and distribution network include the
source of the electrical energy such as a radioisotope thermoelectric generator
(RTIG) or batteries, as well as power supplies and wiring.

SUMMARY

~ The evaluation techniques developed for pure strapdown inertial
guidance systems have been extended to permit evaluation of astrionics systems
which utilize aided inertial guidance systems. These techniques consider
mission requirements, mission event schedules, and sPacecraft design :
characteristics. The techniques provide a measure of astrionics system per- .
formance, aid in evaluation of competitive subsystems and in the preliminary

~design of conceptual subsystems, and are used in determination of the effec-

tiveness of specific navigation updating and mldcourse correctlon schedules.

Effectiveness evaluation is based on a édst effectiveness apprbach‘,ﬁ
with cost defined to be the total astrionics system weight and effectiveness
defined to be the probability that the astrionic system 0perates correctly. -

‘Using this cost or weight effectiveness model, several performance indices have

belen developed. These may be broken into two categories., The first category
requires a specified effectiveness ‘or probability of success and uses weight as
the performance index, while the second category has a specified weight allow-
ance for the astrionics and uses the 1neffect1veness or probablllty of fa11ure
as the performance 1ndex. :
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Penalty Functions

Three different penalty functions were developed during the first
phase of this contract and are discussed in detail in the Technical Discussion
" section of this report. The three penalty functions (modes} are defined as
follows:

Mode 1. The probability of mission failure due to lack of astrionics
reliability and accuracy, Ppg, is a specified constant.
Another specified constant is all nonastrionics weight, Wyg.
The penalty function is the astrionics system weight, Wgg,
and is obtained by complete analysis of the astrionics,
mission schedule, and .spacecraft data. The total astrionics

R weight is defined to be the sum of the weights of (1) the

. astrionics hardware including the inertial sensing unit,

(2) the electrical energy source and distribution network,

(3) the attitude control unit, Wac, and (4) the midcourse

% , ' propulsion correction system, Wpy. An increase in the

combined astrionics system weight necessary to assure a

given influence, by the astrionics system, on probability of

i, ‘ mission success is reflected in an increased launch weight,
- Wpe
i Mode 2. The total launch weight, equal to the sum of the nonastri-

onics weight plus the combined astrionics system weight, is
a specified constant. In addition, the nonastrionics weight

i is Spec1f1ed as is the combined astrionics system weight.
- : Any decrease in astrlonlcs system hardware or power source
¢ ‘ weight is offset with an increase in midcourse propulsion
i system weight or vice versa. The probability of mission
. N failure due to lack of rellablllty or accuracy 1is the

t |

i _ penalty function.

Mode 3. The third mode involves spec1f1ed total launch weight and
probability of mission failure due to lack of astrionics
rellablllty and accuracy. The 'combined astrionics system
weight is' the penalty function. In this mode, the non-
astrionics weight (useful payload) is the difference between
the launch weight and combined astrionics system weight.
Thus, for increasing Wgg, Wyg is reduced.

The three penalty functions,are shOWn in Table I for comparison.
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TABLE I. THREE PENALTY FUNCTIONS FOR EVALUATION
OF ASTRIONICS SYSTEMS*

Mode PFG WNG wGS WT Rema?ks
1 F F P \" Fixed Nonastrionics Weight and
Probability of Astrionics Failure
~2 P F F F Fixed Total Weight and Astrionics
Weight
3 F A P F Fixed Total Weight and

Probability of Astrionics Failure

——

* V A Variable with System, F A Constant, P A Penalty function.

For each of the modes, the minimum value of the penalty function
defines the best system.

Evaluations discussed in this report were made using Mode 3. The
probability that the astrionics system operates correctly, 1 - Ppg, was speci-
fied as a mission constraint and the combined astrionics system weight, WGSs
is the penalty and is obtained by complete ana1y31s of the astrionics, mission
schedule, and spacecraft data. -

Sensitivity of each penalty function with respect to specific system
hardware parameters is expressed as the percent change in penalty per percent
change in data. These sensitivities allow easy determination of the system
parameters and components which affect the penalty function most directly
(large sen51t1v1ty magnitude). The algebralc sign indicates which direction
the penalty changes for an increase in the system parameter. Further explana-
tion of the penalty functions and sensitivities is contained in the Technical
Discussion section of this report.

System Parameters

-

The parameters used in the evaluation techniques are, in general:

(1) weight, (2) power, (3) mean-time-to-failure (MTTF) and Weibull coefficient,

and (4) performance which depends upon the functions of the particular
subsystems. Of these parameters, the estimation of performance- (accuracy) of
aided inertial guidance systems which utilize aid measurements and Kalman
filtering in the updating of system errors is the most difficult- to achieve.
Further description of the error analysis of aided inertial guidance systems
is contained in the Technical Discussion section of this report.
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Techniques to calculate the weight of the inertial sensing unit (ISU),
midcourse correction propulsion subsystem, computer subsystem, and power sub-
system were developed under Item 2 of the contract and are discussed in
Reference 1. The total system weight is the summation of the weights of each
of the subsystems. The weight of the attitude control system is estimated by
the methods described in the Technical Discussion section of this report. The
weight of the radio aid subsystem is estimated by summing the weights of the
antenna and transponder/decoder. The weight of the electro-optical subsystem
is the total weight of all electro-optical sensors used during the mission.

The power required by the astrionics system is estimated by summing
the power required by each of the subsystems as a function of the system oper-
ating schedule for the mission of interest. The weight of the power sources is
estimated from the resulting mission power load profile. The peak load
determines the capacity of the RTG. The total weight of the power subsystem is
the summation of the weights of the RTG, power conditioning and distribution
equipment, and the wiring between subsystems.

The reliabilities of the ISU, midcourse correction propulsion sub-
system, computer subsystem, and power subsystem are estimated as discussed in
Reference 1. The reliability of the attitude control subsystem is estimated
by the method described in the Technical Discussion section of this report.
The Weibull distribution (Reference 1) with a = 1 is used for the radio aid
subsystem as well as the optical aid subsystem. The operating time for the
various candidate aids depends upon the mission schedule.

Computsr Programs

The calculation of the three penalty functions and the necessary
estimation of the system parameters have been coded into a deck of FORTRAN
subroutines. The subroutines, with a short, simple, main program calculate
the necessary system parameters and evaluate them according to the specified
penalty function.

Data needed to run the program are divided into: four categories. The
first three involve data describing the mission and spacecraft and include:
(1) injection error sensitivities as computed by the Strapdown Error Analysis
Program (SEAP) or Platform Error Analysis Program (PEAP); (2) state transition
matrices generated by the n-body program; and (3) data des¢ribing mission
values, ISU design values, and spacecraft subsystems. The fourth category is
data describing candidate components (accelerometers, gyroscopes, electro-
optical sensors, communication subsystem, and computers) and includes:
component (1) weight, (2) dimensions, (3) excitation poWer, (4) reliability,
and (5) error coefficients. Computer data required arel similar to that for
gyros and accelerometers except that the number of- bits used to store each

~element of the attitude matrix, attitude update integration frequency, and

integration scheme (rectangular Runge-Kutta second order, or Runge-Kutta
fourth order) are used in the error determlnatlon.



The program and its subroutines operate in one of two ways. A spe~
cific set of candidate components may be evaluated, or, by a searching tech-
nique (similar to steepest descent) a combination of the candidate components
may be found which yields the minimum penalty. Energy source, attitude
control, and midcourse correction subsystems, as well as the ISU block, base,
and cover design are modelled internally. Options are provided to allow speci-
fication of the type of midcourse correction (zeroing all position or any one
component of miss_at the target), mechanical orientation (horizontal or
vertical) , mechanical configuration (one of the stored designs or the one
yielding minimum weight), and an option which indicates if the gyros and
accelerometers must be identical or may be non-identical along the three axes
when the searching technique is selected. After selection of the desired
options and a set of candidate components, either arbitrarily or by the
searching technique, all other system characteristics are calculated and the
penalty obtained. The program output consists of a four-page report listing
the selected components and their data, mission and subsystem characteristics,
and the penalty function value. In addition, normalized derivatives or sensi-
tivities of the penalty to each piece of data‘ are printed. This allows the
designer to evaluate the relative importance of the data on the penalty
function value. Furthermore, outputs in the form of tables or curves may be
outlined to show the behavior of the penalty function as any piece of hardware
or mission data is swept over a wide range of values.

Mission Characteristics

Launch Vehicle Characteristics

The conceptual 260(3.7)/SIVB/Centaur I/Kick launch vehicle was
assumed to be suitable for the Jupiter flyby mission. A version of this
vehicle has been studied extensively (Referemces 2 and 3) by Battelle
Memorial Institute, NASA Launch Vehicle Planning Project under Contract
NASw-1146. Selected characteristics of this vehicle are given in Table II.

The 260(3.7) first stage is a solid propellant, single engine stage and is
described in detail in Reference 4 . The SIVB second stage is the same as

the SIVB utilized by the Saturn IB and Saturn V launch vehicles. The Centaur I
third stage is based on design evolution and concentrated development effort to
employ hydrogen-flourine propellants (Reference 5 ). The "Kick" fourth stage
is a small high energy stage originally prOposed for use w1th the SLV3C and
SLV3C/Centaur (Reference 5). ‘
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TABLE II, SELECTED CHARACTERISTICS OF 260(3.7)/SIVB/
CENTAUR I/KICK LAUNCH VEHICLE

Stage 260(3.7) SIVB Centaur I Kick
Initial Total 4,019,302 315, 30 3%k 54,202 12,410
Gross Weight (1lb)¥*

Final Total 720,302 85,303 17,602 6,460
Gross Weight (1b)*

Vacuum Thrust (1b) 6,430,000%% 205,000 31,000 7,500
Propellant Weight 24 , 300%% 482 68.20 16.47

Flow (lb/sec)

Exit Area (ft2) 376 35,8 16.58 4,14

*  All weights include 5,410 1b payload

*% Initial value only. For time history, see Appendix A, Figure A-2,
Reference 1,

*%% Includes 5,600 1b shroud which is ejected 26 seconds after SIVB ignition.

This launch vehicle was simulated using the Battelle three-degree-
of-freedom computer program. The simulated boost trajectory was used in the
guidance error analysis. Further discussion of the launch vehicle simulation
and boost trajectory are contained in Appendix A of Reference 1.

Trajectory Characteristics

| |

The boost trajectory was assumed to start with a vertical rise from
Cape Kennedy until a relative velocity of 150 ft/sec was attained. The
vehicle was subjected to an instantaneous deflection of the flight path through
a selected kick angle of 1.83 degrees from the vertical along an initial
azimuth of 100 degrees from true north. The vehicle then flew a gravity turn
until first stage burnout. A linear time dependent pitch steering profile was
used to steer the second stage into a nearly circular 100 nm parking orbit.
It was assumed that the SIVB stage was restarted at the correct time to begin
the final 1n3ect10n phase of the launch traJectory

Characteristics of the 1nterp1anetary traJectory are tabulated in
Table IIT. The Lewis Research Center n-body computer program was modified to

- calculate n-body state transition matrices. The state transition matrices

used in exercising these computer progxams were obtalned by runnlng the -

e o



Lewis n-body program for the trajectory summarized in Table III. Further dis-
cussion of the interplanetary trajectory and state transition matrices is con-
tained in Reference 1,

TABLE III. CHARACTERISTICS OF 1972 JUPITER FLYBY MISSION
INTERPLANETARY TRAJECTORY

Launch date March 4, 1972
Arrival date April 18, 1973
Time of flight 410 days
Departure asymptote (from Earth)
Ve 12.195 km/sec
C3 147.718 km2/sec?
Declination ~25.3 deg
Angle to Sun~Earth line 93.0 deg
Approach asymptote (to Jupiter)
_ v, ‘ 17.53 km/sec
’ Declination to plane of Jupiter 1.64 deg
Angle to Jupiter-Sun line 153.2 deg
Interplanetary Orbit
True anwaly at launch -6 deg
True anomaly at arrival 129.3 deg
Heliocentric central angle 135.3 deg
Inclination to ecliptic _ -0.57 deg
Perihelion 0.989 AU
“Aphelion®* ‘ 650 AU
Eccentricity*#* 0.972 - 0.976
Earth-Jupiter distance at encounter 7.67989 x 1011 meters

e

—

— ———

% Does not pass aphelion on way to Jupiter.
#*% Varies due to n~-body effects.

‘~3é Nominal Spacecraft

“ ‘ Calculation of the attitude control subsystem weight{requireS'certain
nominal values for the spacecraft parameters. The. injected weight on!the
nominal trajectory being used in this study is 5,410 1lbs (Reference 1).

Design of a spacecraft was ‘beyond the scope of the contract. Therefore,
existing spacecraft de31gns for this mission (References 6 and 7) were re=
viewed to determine if any of these could be used as the nominal Spacecraft for
this study. None of the spacecraft designs approached the weight the 260(3.7)/
SIVB/CI/K conceptual launch vehicle would be capable of injecting for this

‘mission. Design Concept D of the General Dynamics~-Fort Worth study
(Reference 6 ) does have certain characteristics which suggested the f0110w1ng

approach. :

10




LT

ki

- ADE iy

*

LF

PRI

e

Design Concept D is a three axis stabilized spacecraft to be launched

- by the Saturn IB/Centaur/HEKS (High Energy Kick Stage) on a 412-day flight to

Jupiter (the reference trajectory being used has a 410-day flight time). The

shroud used to enclose the spacecraft during launch is the Voyager shroud which -

is also used with an additional cylindrical section on the 260(3.7)/SIVB/CI/K
(References 5 and 8 ). The weight of Design Concept D was estimated by
General Dynamics to be 1581 pounds plus the weight of the booster to spacecraft
adapter (Reference 6). General Dynamics notes that "A dual launch of the
spacecraft by a Saturn V also allows 400-day missions in a year". A dual
launch of the Voyager spacecraft has also been studied in the past.

A dual launch of the spacecraft similar to Design Concept D appears
to be quite feasible using the 260(3.7) /SIVB/CI/K conceptual launch vehicle.
For the purpose of this study, a dual launch of two spacecraft similar to the
General Dynamics Design Concept D was assumed. Figure 2 depicts two views of
this nominal spacecraft. Figure 3 depicts a sketch of the two spacecraft in
the shroud used by Battelle in the trajectory simulations. 1In addition, the
adapter mating the upper spacecraft to the launch vehicle is shown. This
adapter is a suggested design based on standard aircraft structural design
techniques. This adapter, shown from various viewing angles in Figure 4, was
designed by a member of Battelle's NASA Launch Vehicle Planning (NLVP) Project.
The weight of the adapter was estimated to be betweern 250 and 500 pounds by
the designer. Another staff member used handbook formulas (for the probable
materials and dimensions used in the adapter) and calculated the weight to be
360 pounds.

If it is assumed that the weight of each spacecraft could grow to
2000 pounds, a difference remains of 1410 pounds between the reference trajec-
tory injected weight and the weight of the two spacecraft. Assuming that the
adapter weight for mating the lower spacecraft to the launch vehicle is 6.5%
of the weight of the spacecraft (this is the factor used by General Dynamics
although the NLVP Project at Battelle and others sometimes use 5% as a
standard), the total weight of both adapters can be determined. For the
purpose of this report, it was assumed that the upper adapter weighs 360 pounds,
the lower adapter weighs 130 pounds,_and each spacecraft weighs 2000 pounds.
This results in a total injected weight of 4,490 pounds which leaves a differ-
ence of 920 pounds between the reference weight and this weight. A portion of
this 920 pound weight will undoubtedly be consumed by the ducting and associated
equipment required to cool the RTG units on each spacecraft as discussed in
Reference 6. In addition, electrical wiring between the adapter separation
mechanism will reduce the welght dlfference even more.

. Therefore, it was assumed that each sPacecraft weigh 2000 pounds and
the current reference trajectory be retained for the purposes of this study.
Table IVa shows the weight breakdown used. The value of Wp in penalty modes 2
and 3 is 2000 pounds. Lever arms, moments of inertia, and other required space-

 craft parameters were calculated based on data presented in Reference 6.

General Dynamics was contacted, 'and they stated they had, done the 1east analysis
on Design Concept D and therefore did not have the moments of inertia. The

¢1ever arms were scaled from the draw1ng and the moments of inertia approx1mated

11
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FIGURE 2. TWO VIEWS OF NOMINAL'SPACECRAFT FOR JUPITER FLYBY'MISSION




FIGURE 3. SKETCH OF TWO NOMINAL SPACECRAFT, ADAPTERS, AND SHROUD

13



14

FIGURE 4. SIDE, TOP, AND BOTTOM VIEWS OF ADAPTER

FOR UPPERMOST SPACECRAFT
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from the weights given in Reference 6 and the lever arms. The principal
moments of inertia were calculated and are contained in Appendix A of this
report.

i

'r'ﬂ

i TABLE IVa. INJECTED WEIGHT BREAKDOWN
1 Spacecraft (2 at 2000 1bs) = 4,000
T Adapters = 490
Air Condition, Electrical, Etc. = _ 920

Total 5,410 pounds

e —
————

!

Mission Schedule

]

:; A detailed mission schedule, including all astrionics operation

1 requirements, is needed before the effectiveness index may be obtained. The
schedule must include the time and other parameters necessary to define the
following operations:

(1) Turning on or turning off any astrionics subsystem

(2) Changes to the attitude control subsystem dead zone

(3) Beginnihg the attitude maneuver necessary to orient the
electro-optical sensors toward the nominal location of

the required celestial bodies

(4) The end>of‘the acquisition maneuver and the beginning of
the search operation

(5) The end of the Séarch operation

(6) Ground based radar update w1th any spec1f1ed radar

‘ - (7) Midcourse correctton to minimize indicated component(s)
i of p051t10n or veloc1ty at the target arr1va1

Great care must be taken in spec1fy1ng the mission schedule to insure that the

schedule makes proper use of a selected suite of astrionics subsystems. An
example of one mission schedule used for this study is shown in Figure 5.

15
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A second mission schedule, which was used in obtaining the results presented in

‘this report, is contained in the Technical Discussion section of this report.

Reference Aided Strapdown Inertial System

The strapdown inertial sensing unit assembled in breadboard form at
ERC was used in the exercising of the computer programs developed under this
contract. This system is made up of the Honeywell GG 334A gyroscope (three
units orthogonally mounted) and the Arma D4E accelerometer (three units ortho-
gonally mounted). The evaluation techniques estimate the weight of a concep-
tual ISU utilizing these components. In addition, estimates of the character-
istics of a conceptual computer, referred to as SRT, were made (Reference 1)
for purposes of exercising the computer programs.

The onboard aids are an ITT-Lunar Orbiter strapdown star tracker, an
Adcole-1402 strapdown sun sensor, and a Motorola MCR-503 communications
receiver.

The reference system is made up from the foregoing components.

Mission Results Using the Reference System

The computer programs developed as part of this study were exercised.
on the Jupiter flyby mission for the Reference System described in.the fore-
going section. Figure 6 presents a summary of the evaluation of this system
for the mode being evaluated (mode 3 penalty is weight) when operated as shown

" in Mission Schedule No. 1, Figure 5. The ISU components are listed, followed

by the information that ISU Horizontal Design Number 4 (Reference 1) is
optimum, and the results of the computed design of the ISU for this mission and
schedule. These results include the results of the mechanical design, the
total exciting energy in watt hours, the exciting power‘in watts, the total
probability of failure due to unreliability, and the total weight of the ISU.
The next block of information shows the thermal analysis and calculations

‘using the variable thermal impedance techniques discussed later in this report.

When heater power is considered, the total energy and power requirements are
176.7 watt 'hours and 141.4 peak watts. The next block of information shows the
time, energy, power, probability of failure due to lack of reliability, and
welght of the remaining subsystems of the astrionics system. These subsystems
are the computer, the star tracker, the sun sensor, the ISU/computer power
subply, the communication system, and the horizon . sensor.“ Indicated under each
heading is the name given the component selected for that subsystem. None .
1nd1cates no components and hence no subsystem. The attitude control system
analys1s is listed next. Thrust sizing is determined by analy31s of the

torques needed to: (1) counter solar pressure; (2) remove meteorite impact

induced disturbances; (3) maneuver the spacecraft through (a) a given angle in
a given time, or (b) change the angular rotatlon rate by a given 1ncrement
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within a specified time or within a specified change in angle; and (4) counter
disturbance torques produced by midcourse correction thrusts. The maximum
thrust to meet these various requirements is listed for each axis. Within the
attitude control system analysis section is listed the fuel consumption required
for (1) searching, (2) dead band operation, and (3) maneuvers. The total im-
pulse per axis is summarized. From the operating time, number of firings, and
total impulse, the attitude control subsystem parameters of weight, power,
energy, and probability of failure are calculated. The energy and wiring weight
is added. The midcourse engine is sized to insure sufficient probability of
having enough fuel. The engine weight includes fuel, tankage, and nozzle. The
sum of the weights of the astrionics subsystems described above is the penalty.

Optimum Aided Strapdown Inertial System

A search for an optimum system operating on mission schedule 1 was
conducted. The list of candidate components included four gyroscopes, four
accelerometers, three computers, a strapdown or a gimballed star tracker, and
a strapdown sun sensor. Only one communication receiver was in the list, so
no optimization of this subsystem was performed. The evaluation considered
the possibilities of not using electro-optical sensors. The optimum system and
its effectiveness evaluation are shown in Figure 7. The optimum system con-

- sists of GGl77 accelerometers, 18 IRIG-B gyroscopes, a SIGN III computer, and
the strapdown star tracker and sun sensor used in the reference system. The

penalty for the optimum system is 331.45 pounds compared to 343.46 pounds for
the reference system.

The reference and the optimum system found on mission schedule 1 were
then evaluated using mission schedule 2. These results are shown in summary
form in Table IVb. As can be seen in Table IVb, the .expected target miss distance
for the optimum system is considerably larger than the expected miss distance of
the reference system. However, since both distances are much less than the
target miss requirement for the mission (7.8 x 107 ft), this has negligible
impact on the effectiveness index. The dominant factor is the actual physical
hardware weight of the subsystem components.

An additional entry in Table IVb shows the results for the reference
system evaluated on schedule 1 with the ground based radar used for the range
rate measurement prior to the first midcourse degraded in accuracy. Increased
update accuracies increase the required midcourse fuel and decrease target
miss. If the target miss is already well below the mission requirement, Ppp
remains essentlally zero and hence only the increased penalty due to Wpv
increase is noted. For fixed launch weight, this reduces sc1ent1f1c payload.

In actual operation, part1a1 midcourse corrections rather than delib-
erate degradation of update accuracy would remove this effect. Partial correc-
tions would add AV to bring the expected miss just to the edge of the allowed
miss area rather than correcting to the nom1na1 aim p01nt.
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TABLE IVb.

SUMMARY OF RESULTS

Penalty
(Mode 3)
System Schedule RT RV WDV WAC WGS
(ft) (ft/sec) (1b) (1b) (1b)
Reference 1% 1 1.5 x 10°  14.985  28.515 “21.21 343,460
Reference 1 2 0.153 x 106 14.94 28.571 21.40 343.700
Opt imumi 1 1.90 x 10°  7.43 24,377 21.21 331,448
Opt imum 2 0.255 x 10° 7.39 24,392  21.40 331,645
- F
Reference 2 1 5.49 x 10°  14.984  28.514 21.21 343,459
Acceler- Sun Star
Gyros ometers Computer Sensor Tracker Receiver
* Reference 1 GG 344-A D~4E SRT Adcole ITT 503
System 1402 Lunar
Orbiter
F Same as GG 334-A  D-4E SRT Adcole  ITT 503
Reference 1462 Lunar
with Degraded Orbiter
Radar
**Optimum For 18-IRIG GG-177 SIGN III  Adcole ITT 503
Schedule 1 1402 Lunar
Orbiter
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TECHNICAL DISCUSSION

Review. of Evaluation Criteria Formulation

Evaluation criteria were formulated in the phase of work which pre-
ceded the phase this Interim Scientific Report covers. These criteria will
be reviewed in the following section, It should be noted that the definitions
of some of the parameters used in the original criteria (Reference 1) have
been expanded to include the additional astrionics subsystems which were con-
sidered during this phase of the work.

Penalty Function Analysis

The effectiveness of an astrionics system on a specific spacecraft
mission is evaluated by one of three penalty functions. The astrionics system
is described by the six system parameters shown in Table V.

TABLE V
ASTRIONICS SYSTEM PARAMETERS

Symbol Definition

P Probability of mission failure due to inadequate
FR . 1sqs
hardware reliability.

R Square root of the trace of the midcourse delta-V
(AV) covariance matrix.

DV Degrees-ofrfreedcmiof the’miécgurse AV covariance.

Ry Square root of the trace of the'térget miss
covariance matrix.

DT o Degrées-ofjfreedoﬁ;gf the tafget migg covariance.

wiCP Weigﬂtwofﬁoﬁboard inértial measuremen£ unit,

computer, electrical energy source, electro-
optical sensors, tracking and command subsystem,
attitude control, and wiring.

y
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The penalty functions are calculated from the above system parameters and the
mission and spacecraft parameters shown in Table VI,

TABLE VI
MISSION AND SPACECRAFT PARAMETERS

Symbol Definition
PFG Probability of mission failure attributable
to the astrionics system.
WNG Nonastrionics spacecraft weight.
WT Total spacecraft weight.
XMISS Allowed miss distance at target.
KDV Midcourse correction system tankage factor
(system weight/fuel weight).
KDC Midcourse correction system constant weight,
Ig Specific impulse of the midcourse correction

system times gravity,

The three penalty functions are defined in Table VII.

TABLE VII
PENALTY FUNCTION DEFINITION

a————
-

I

Penalty PFG wNG WGS WT
Mode
S— ! —
I P v
P | F F
v F
A o
F % Fixed
P A Penalty
V= ‘

Variable with System



Penalty function, mode 1, assumes that a certain probability of
mission failure attributable to astrionics (PFG) is reasonable and that non-
‘astrionics spacecraft weight (WNG) is fixed. The astrionics system weight
is calculated and used as the penalty function.

Penalty function, mode 2, assumes nonastrionics, astrionics system,
and total spacecraft weights are constants with the probability of mission
failure attributable to astrionics (Ppg) variable and used as the penalty
function.

Penalty function, mode 3, assumes that a certain probability of
mission failure attributable to astrionics (Ppg) 1s reasonable and that total
spacecraft weight (Wp) is fixed. The astrionics system weight (Wgs) is wvari-
able and used as the penalty function.

Calculation of the penalty function under any of the three modes
will involve calculating the intermediate quantities defined in Table VIII.

TABLE VIII
INTERMEDIATE QUANTITIES USED IN
CALCULATING THE PENALTY FUNCTIONS

Symbol Definition

P Probability of having insufficient
midcourse fuel,

'PFT Probability of exceeding target miss
, criteria.
P Probability of failure due to inadequate
FTR e 1e1s .
reliability or target miss
WF" Weight of midcourse fuel
wDV Total weight of midcourse propulsion
- system :
! I N T -
AV Midcourse velocity correction
) Spacecraft mass ratio
W bRy
| ’ ,
K\ Xuzss /Ry

—
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A detailed discussion of the steps used to calculate each penalty
mode is given below,

Penalty Mode 1. Probability of missing the target (Ppp) is calcu-
lated from the system parameters describing accuracy at the target as follows:

P = Prob(wT, D

FT T)

where

Vp = Xyrgg /Ry

The function Prob(¥, D) is the probability distribution of the mag-
nitude of a vector with normal, zero-mean, components as discussed in
Reference 9 . A table of this distribution is shown in Figure 8.

The combined probability of missing the target or failing due to
inadequate reliability is obtained from

Perr T Prr * Ppr 7 PprPpr -

With the probability of failure due to target miss or inadequate
reliability known, the probability of failure due to insufficient fuel which
results from the specified Prg is calculated as follows:

p = Pre ~ Prmr
FV 1= Ppo :

Note that if PrTR exceeds Ppg, Ppy does not exist. In other words, if the

probability of failure due to inadequate reliability or target miss is greater

than Ppg, even a perfect system (zero probability of insufficient fuel) will
eXceed PFG' '

The AV capability needed to achieve the required Ppg is calculated
from , o .

by = ¥(Rps DY
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FIGURE 8.

X indicates extrapolation from Gamma Function Table

VECTOR WITH NORMAL, ZERO MEAN, COMPONENTS

CUMULATIVE PROBABILITY DISTRIBUTION FUNCTION [Pr(|X|>‘¢ VTRACE)] OF A

Magnitude/.VTrace =



and

AV = RV¢V

where {(P, D) is obtained from function Prob({, D) by solving for | knowing P
and D.

The familiar rocket equation,

AV = 1Ig 1oge(pb ,

is used to obtain the spacecraft mass ratio,

u = eAV/Ig

The spacecraft mass ratio is the initial spacecraft weight divided by the
final spacecraft weight and is calculated as follows:

The midcourse propulsion system weight is estimated using the equation

.

- = K o
W W + KDC |

DV F DV

Defining

=
]

T~ Yiep t Ve Y Yy
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substitution into the equation for WF in terms of WT and P yields

. (b = 1) (W, + Wy + K 0)

F b= e - 1] Ky

The effective weight of the complete astrionics system is then
Yes T Yrep t "oy T Kpe -

This is the desired penalty function. The above equations are shown in flow
chart form in Figure 9.

Penalty Mode 2. The probability of failing due to inadequate relia-
bility or miss at the target (Pppg) is calculated as in penalty mode 1. The
combined astrionics system probability of failure (Ppg), the penalty of
mode 2, is calculated by including the probability of insufficient midcourse
correction fuel (Ppy) . '

The total spacecraft weight (Wp) and nonastrionics spacecraft weight

(Wyg) define the total astrionics system weight to be

Wog = Wp = Wye -

The midcourse system weight is assumed to be

Thus, the fuel weight is determined from the equation,

_¥ov  Boe

WE K

DV

and the spacecraft mass ratio is
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The AV capability is found from the rocket equation,
AV = Ig log(w)

and the probability of insufficient fuel is

= i
PFV Prob(U_, DV)
where
AV
\lf = e—
\Y RV

The combined probability of mission failure attributable to the
astrionics is

Pee T Prrr ¥ Pev T Prrrev

and is the desired penalty, mode 2. The above equations are shown in flow
chart form in Figure 10. : ‘ ,

Penalty Mode 3. Penalty mode 3 is similar to penalty mode 1 in that
the penalty is the effective weight of the astrionics system (Wgg). However,
the total spacecraft weight (Wp) is held constant under mode 3 unlike mode 1
where the nonastrionics weight was held constant.

The probability of failing due to reliability or miss at the target

(Pprr) is calculated as under mode 1. The probability of insufficient fuel is
obtained from the equation

5 . Irc " Prg
O 1-P '

FIR
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The result is used to compute the required midcourse AV capability from the
equation

&V = Ry¥y

where the number of traces (¢V) is obtained from the statistical distribution

Wy = ¥ D) .

FV’ DV
With the AV requirement known, the mass ratio is

W = eAV/Ig

Since the total spacecraft weight is known, the required fuel weight may be
obtained directly from

The total effective astrionics system weight is obtained by adding the mid-
course system weight to the weight of the other astrionics subsystems as shown
below,

Yos = Vrcp * Wipy t Ko -
The equatioms for penalty mode 3 are shown in Figure 11,

Development of System Parameter Estimation Techniques

- The system parameters which must be estimated for concepﬁuql astri-
onics systems are those used in the system performance indices (penalty
functions). These parameters were discussed in the preceding section and are
listed in Table V . This section describes the techniques developed to:

(1) Perform the error analysis of aided inertial systems
which utilize Kalman filtering in the updating of
system errors using aid measurements
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(2) Estimate the needed parameters for
(a) Electro-optical sensors
(b) Radio aids

(3) Permit evaluation of

(a) Alternate inertial sensing unit configurations
(gimballed or strapdown)

(b) Power supply options

(4) Estimate the parameters of a three axes mass
expulsion attitude control system.

A modular guidance system philosophy {(References 10 and 1l) is
considered applicable to this study. Using this philosophy, the system param-
eters used in the penalty functions (Reference 1) were modified to reflect the
increased on-board weight, power requirements, and reliability of the candidate
aids, These parameters and data describing the errors contributed by the
various candidate aids are used in the penalty calculations.

The aided inertial guidance system (integrated astrionics) is de-
picted in block diagram form in Figure 12 with the attitude control, midcourse
correction propulsion, and power subsystems shown since these subsystems are
included in the guidance system effectiveness evaluation.

i

2§§;t2c§e __’ Inertial Sensing Unit 4___4 Midcburse Correction
Subsygtem ‘ (ISU) Subsystem Propulsion Subsystem

- Radio —— v ‘
&ﬂ’ Electro-Optical

Aid Computer Subsystem A %
Subsystem [ h‘r Aid Subsystems

Power
Subsystem

-- Supplies all required electrical power.

* ;
* Horlzon Sensor - Parklng Orbit
Star Tracker/Sun Serisor -- InJectlon to Mldc0urse

FICURE 12. BLOCK DIAGRAM OF INTEGRATED
ASTRY omcs SUBSYSTEMS CONTRTBUTION TO PENALTY
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The error analysis of this aided inertial system is discussed first. Later

sections discuss estimation of the other parameters for the subsystems
depicted in Figure 12,

Error Analysis Formulation

A nine element state vector is used to describe the error and devia-
tion states of the spacecraft and its guidance system. The nine elements of a
state vector X are defined to be:

X1 down range (DR) position

X, cross range (CR) position

X, out of plane (OP) position

X4 DR velocity

X. CR velocity

X, OP velocity

X7 small angles about the DR axis

X8 small angles about the CR axis

X9 small angles abovt the OP axis
where,kin a right handed orthogonal set

DR

the direction of the velocity vector
CR = normal to DR in the position-velocity (P-V) plane

op

normal to the P-V plane.
Nominal attitude is assumed to be

DR  roll
CR % -yaw
0P = -pitch

except wien the vehicle is commanded to 4 specific attltude for optical meas-
urements or corrective maneuvers.

Errors ard deviations are defined by dlfFerences between the nomlnal_'

Xo), actual (Xa), and computed (Xc) state of the vehlcle. That 1s,
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and

where & _is the error or difference between the computed state and the actual
state, d is the deviation or difference between the actual and nominal states,
and dc is the computed deviation or difference between the computed and nominal
states. Thus, 5 represents the state of the navigation system and d the state
of the physical sPacecraft.

Statistical Treatment of Errors and Deviations

The covariance of the errors or deviations are found by adding the
covariances of two contributions. The first contribution is the covariance
due to hardware error sources which are treated as statistical biases.
Statistical biases are numbers which remain constant throughout the mission
but are random with Gaussian distributions. The covariance due to statistical
biases is found at any point, i, in the missiou by

- T T
[Cbi] = [Gi][ab &b ][Gi]

-

where [cb.]

9 x 9 covariance due to bias sources

9 x N sensitivity to each of N bias sources

(c,)
[6b &b ]

It

N x N covariance of bias sources (assumed diagonal).

The sensitivity matrix Gi at any point in the mission is found by

(6,1 = [8,1(6, 1+ [s,]

where <[§i] = 9 x 9 state transition matrix from i-1 to i
[Si]‘= 9 x N sen31t1v1ty to each of N blas sources for fllght from'
i1l to i. :
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The covariance due to noise sources is found at any point in the
mission by

[en, ) = [2;1[ca, _;113,1" + [N,

[}

where [Cni] 9 x 9 covariance at i due to noise sources

[N.]

i 9 x 9 covariance due to noise sources from i-l1l to i.

Noise sources are those contributions to the errors which are assumed uncorre~
lated in time and include all optical and radio update measurement errors, and
initial position, velocity and attitude uncertainties. The above relationships
hold for errors and deviations so the notation is expanded to include the suffix
e or d to indicate errors or deviations.

Computed Deviation Statistical Treatment

Deterministically the computed deviation at any point in the mission
is equal to the errors plus the deviations. The computed deviations due to
bias sources may then be found by |

[Cdcb,] = [Geb, + Gdb, ][6b 6b>][Geb, + Gdb, 1T
s i i i i’

where [Cdcbi] = 9 x 9 covariance of computed deviations due
to bias sources.

The noise contribution to computed deviations is found by

o .
= [
[Cdcni] [Ceni] + ‘Cdni];+ [Cedni] + [Cedni]

where: [Cdcni] = the 9 x 9 covariance of computed deviations due
to noise sources

and

[Cedni] =k[§ei][Cedni‘1][§di]T

vhich is necessary to account for the correlation between errors and deviations.

37




G

Generalized Mission Operation

Any mission operation such as coasting flight, midcourse correction,
or aid update may be defined by its state transition matrices and sensitivity
matrices and the noise contributions to errors and deviations. These matrices
for the various mission operations are developed as follows.

Powered Flight. The sensitivity and state transition matrices for
powered flight are generated separately by the strapdown error analysis pro-
gram (SEAP) and the platform error analysis program (PEAP) which operate on
trajectories developed under Battelle's three degree of freedom program.
During powered flight perfect closed loop control is assumed. The steering
devices are controlled by the guidance system so that at cutoff the computed
state is equal to the nominal state. Or, after powered flight

&= -d
and
d =o.
Thus,
[8e] = [81] = output of SEAP or PEAP
[Sd] = [-Se] = output of SEAP or FPEAP
= [Ne] = [0] (Zero).“ i

[Nd ]

The sensitivity matrix for deviations is equal to the negative of the sensi-
tivity matrix for errors. The state transition matrices are equal.

Coasting Flight. Coasting flight is open loop for position and
velocity. Since disturbing forces are neglected and the ISU accelercmeters
are assumed to be disconnected, there are no sensitivites of position or
velocity errors or deviations to bias sources. The ISU gyros or optical
aids may be operating with or without the attitude control subsystem operating.
This allows the following alternatives to bias or noise attitude errors or

~ deviations.
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(1) 1ISU and attitude control operating. In this case the
error sensitivities to Dpr (gyro fixed drift) increase with time. Since the
attitude loop is closed, the deviation DpRr sensitivities are equal in magni-
tude and opposite in sign to the error sensitivities. The attitude computed
deviations are equal to the dead band width. These drifts cause the errors
and deviations to grow with time. However, an attitude error that is greater

than +180 has no meaning. Thus, an upper bound of 180 is placed on the
attitude errors and deviations.

(2) Electro-optical sensors and attitude control operating. This
is similar to case 1. However, there is no sensitivity to bias sources. The
electro-optical sensors errors are contributions to the noise covariances Nd
and Ne. The attitude computed deviations are equal to the deadbands.

(3) Sensors and attitude control turned off. Turning off all
sensors and the attitude control subsystem zeroes the sensitivity arrays Ge
and Gd. The noise covariances Nd and Ne are set to the diagonal form with m
on the diagonal to indicate complete uncertainty of attitude errors and
deviations.

Other combinations such as running the attitude control with no
sensors operating are not reasonable and therefore have not been modeled.

Kalman Updating

A general Kalman update of the state errors (Reference 12) is per-
formed by

4+ -
X=X -k X - )

where

X = the 9 element state estimate vector immediately after
the measurement ‘

- ™

X = the 9 element state estimate vector immediately prior
to the measurement :

¥ = the m elementtmeésurement vector

= . . S

K =9 x m weighting matrix

M = m x 9 measurement matrix.

K is obtained by (Reference 12)
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where

P

covariance matrix of the state error just prior to update

W

covariance matrix of measurement noise.

The use of P in computing K necessitates computation of the covar-
iance matrix in the on-board computer. The covariance must also be updated
to reflect the inclusion of the measurement, and References 12 and 13 give an
expression for the updated covariance P,

In this study the updated covariance alope is of little value.
Simple propagation of the updated covariance would not permit proper inclusion
of a later powered flight segment. The correlation of hardware errors between
the powered flight segments would be lost. Instead, updating of the error
state will be used. This will now be shown to be equivalent to the Kalman
update of the covariance matrix.

-

A measurement produces an output d; defined to be the difference
between the measurement result and that obtained if the spacecraft were in
its nominal state. Then '

=}
where e is the error in making the measurement.

The update of the computed deviation is made by

Substituting the actual deviation and measurement error gives

FF-3" -x@ -M3-32) .
Cc Cc (o m

Substituting errors and deviations for computed deviations yields

. i «
e +d =e +d - K (Me - eﬁ? o
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Note that the deviation is unchanged and the errors are updated by

ot =Z'-K(M§'-E’m)

or

—’+ -
e = (I - KMe +1<§m .

The covariance of the error after the update is found by taking the
expected value

P+ - F (g+-g+”r)

ocr
Pt = (1 - xm) E(e” e’T)(I - k)T 4+ (1 - KM) E(e” emT) KE 4+
. -T T T, T A
KEﬁ(em e )(I - M)~ + KE (em e ) K .
Let
E (e edT) = P-, the covariance matrix of the state error
prior to the update
E (em~émT) = W, the covariance matrix of the measurement ﬁoise
E (enle-T) =E(e'e“F) = 0, assuming no correlations between the
-measurement and system errors.
Thus,
Pr=(I-®0 P(r- T+ K,
S V « '
which expands to
+ - T T T

P =P -me - PMK 4+ REPMK +
41



and combining the last two terms gives

P = - - PMK + K P M+ WKL .

The Kalman update matrix K is given by

K=pM L (Mp M + W)~

which when substituted into the first K factor of the last term gives

+ - - _-TT _-T  P- -1, -
P =P -KP -PMK +pM of M + W) AP M+ WK .

Cancelling the inverses, the last two terms give

Pt =" - xp”

€

which is the well known expression for the update of the system covariance

with a Kalman filter.

Thus, expressing the Kalman update entirely by

ot - (1 - e + Ké’m

is valid. This approach fits the state transition matrix and error gemeration

formulation when (I - KM) is con51dered a state tran81t10n matrix and K a
sensitivity to measurement error, e

Thus,

[%e] = (I - KM
‘, [Se] =0

(8] = 1

1sd]

It
(]
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[Nd} = O

Midcourse Corrections. Midcourse corrections may be made to zero
any component (DR, CR, or OP) or all three components of the deviations at
the target. The midcourse correction AV is computed by

-

ANV = [D] Efc = [D][e + d]

where D = a 3 x 9 correction matrix.

D is obtained from the state transition matrix from the point of the
correction to the target as discussed in Reference 1. The net state transi-
tion matrix for errors is identity since the midcourse correction is a change
in the physical state of the system. Thus,

[%e] = I
and since
+

- —

r T 0 0
- - -3
v ={(v /) + Dd + ( De
- -

0 0 0 0

[8d] = [1] + |D

0
and V P
N Ao
(sd) = |p | (6,1 .
0
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Errors Generated Making A Correction

Exrrors are generated in making the correction. Thus, there are error
sensitivity terms for roll accelerometer error sources Kg, Ki, and Kp. These
sensitivities are computed by assuming the correction is made by a deter-
ministic engine burn at the specified thrust for a AV of

RMV = v/Trace ([D][Cdc][D]T) B

Errors are also generated because of attitude uncertainties at the time of
the correction. This contribution to velocity error is

;v = A x 8
3
where E; = the velocity error due to attitude error
6
AV = the AV correction
-~
0 = the vector of small angle attitude errors.

The result of this vector cross product poses some problems when treated in a
statistical fashion. If the vectors AV and © are assumed to be zero mean
gaussian, the product has a mean and is not normally distributed. The follow-
ing approximation is used to maintain compatability with the zero mean normal
formulation of the error analysis.

—
e ~SD x8+ AV x SD
ve v Q

— l : :
where the vectors §§v and SDg are treated as coefficients equal to the standard
deviations of the AV and § covariances. This contribution to error is treated
as uncorrelated with the other sources. Thus, ~

[Ne, ] = [SG5B) 1[Ce 1ISGDY 1" + [SGB 1ic,gl1S(EDp 1"

where

[Nev] = 3 x 3 velocity noise covariance



[S(X)] = 3 x 3 skew symmetric matrix of the form

0 X3 ~X2
(5G] = |-, 0 X
X2 ‘Xl 0
[CeG] = 3 x 3 covariance of attitude sensors
[CeAV] = 3 x 3 covariance of delta-V.

Then,

0 0
[Ne] = 0 Nev
0

Since the midcourse correction is made under closed loop conditions, the cont

ri-

butions to deviations are equal and opposite to the error contributions. Thus,

[Sd]’; -[Se]
and
[Nd] = [Ne] .

Inertial Sensing Unit

The estimation of the weight and reliability of the designed strap-
down inertial sensing unit (ISU) is unchanged from the methods previously
reported (Reference 1). The estimation of the power required has been modi-

~ fied from the previously reported method (Reference 1 ) to include provision

for variable thermal conductance. A data section entitled "Thermal Control
Data' has been added to permit specifying or calculating maximum and minimum
thermal conductance. '

The thermal model is described by
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PEX + PH = (TOP - TA) COND
where PEx = ISU exciting power (gyros, accelerometers, and
electronics) in watts
PH * ISU heater power in watts
TOP = ISU operating temperature in degrees Farenheit (T)
TA = Ambient temperature in degrees F
COND = Thermal conductance in watts/degree F.

Temperature control is provicad Ly varying either Py or COND.
Thermal conductance, COND, is constrained to lie between a maximum value,
CONDyax, and a minimum value, CONDyyiN. CONDypx is either specified or calcu-
lated by the program to give zero heater power, Py, with Tp at its maximum
value. COND is then assumed to decrease with T, until it reaches its minimum
value, CONDyyN. If additional thermal control is required, heater power is
assumed to overcome the additional heat loss.

In the program, the minimum value of the ratio

CONDMIN

is used to define the variable conductance range. If CONR is set to 1.0, the
maximum and minimum conductance are the same and all control is provided by
heater power. If CONR is set to 0.0 all control will be provided by the
thermal conductance and no heater power is required. Intermediate values of
CONR use both variable conductance and heater power as required.

To properly evaluate the thermal model, profiles of ambient tempera-
ture versus time elapsed in the mission should be known. 'However, an approxi-
mate evaluation can be made from values of the maximum,;aVerage,iand‘minimum.
ambient temperatures. Table IX summarizes outputs from the modified program
for the reference system ISU and -computer with CONR set to 1.0, 0.5, and 0.0
respectively. The results are intended to demonstrate the potential reduction
in system power source weight by including a variable thermal conductance in
the estimation techniques. Further work toward the loading or calculation of
temperature profiles is required before conclusive results may be obtained.,
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TABLE 1X., SUMMARY OF MODE 3 POWER SOURCE WEIGHT AND THERMAL ANALYSIS
FOR THREE VALUES OF VARIABLE THERMAL CONDUCTANCE
RATIO, REFERENCE SYSTEM ISU AND COMPUTER

CONR = Mln%mum Conductance¥® 1.0 0.5 0.0
Maximum Conductance , ‘

Average Watts 198.7 160, 2 133.5
Peak Watts 372.7 231.4 133.5
Minimum Heater Watts 0.0 0.0 0.0
Maximum Heater Watts 239.2 97.9 0.0
Minimum Conductance Used 2.17 1.09 0.33
Maximum Conductance Used 2.17 2,17 2.17
Power Source Weight (1lbs) 141.80 93.02 59.26
Penalty Sensitivity to CONR 0.39889 0.24913 0.00000

% CONR sets the minimum permissable conductance ratio., The full
range may not be needed.

The capability to evaluate a specified strapdown inertial sensing
unit or a specified gimballed inertial measurement unit has been added to the
computer programs. Examples of these evaluations are shown later in this
report. The required input data includes the inertial unit weight, power, MTTF,
error coefficients of the inertial sensors carried by the unit being evaluated,
and the appropriate error sensitivity matrix (strapdown or gimballed).

Electro-Optical Aids

The weight of the electro-optical aid subsystem is considered to be
the total weight of the horizon sensor subsystem (if used), the sun sensor
subsystem, and the star tracker 'subsystem. These subsystems consist of
specified components and are not designed by the computer :programs which were
written on this contract. Later discussion presents possible approaches toward
estimating the weight and accuracy of these subsystems and points out some of
the reasons these approaches were not coded into computer subroutines at this
time.

Star Tracker The welght of the star tracker sdbsystem is. estlmated

3

by summing " the weights of the various candidate components. making up that

system in a manner similar to the ISU weight estimation technique. A recent
survey (Reference 10) indicates a number of different star tracker conflgura-

- tions are available. These are divided into subsystems u31ng mechan1ca1
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scanning and electronic scanning. Furthermore, the same electro-optical sensor
has been used as a strapdown tracker and as the tracker head of a gimballed
tracker. The electronics subassembly weight includes the tracker head elec-
tronics, power supply electronics, and electronics associated with the type of
scanning. The electronics may be a separate package, but a noted trend, due to
microelectronics development, is toward electronics design which allows pack-
aging of modular units in the same housing containing the optical subassembly.
Depending upon the system configuration, the items making up the system's weight
can be selected from the breakdown in Table X. The weight of these items is
summed and is the input data for the weight of the star tracker subsystem.

TABLE X, STAR TRACKER SUBSYSTEM COMPONENTS

Optics Gimbals (if any)
Telescope Gimbal Angle Pick-offs
Mirrors Gimbal Torquers
Electronics Housing
Sensor/Detector

Servo Interface
Power Supply

The power required by the star tracker subsystem is dependent on the
electro-optical sensor used, the method employed for controlling its attitude
(gimballed or strapdown), andvthe power dissipated in the associated electronics.
The power input data is in the sum of ‘the power required for the sensor, elec-
tronics, and gimballed‘servogsystem (if used).

: Rellablllty is estimated by assuming that a Weibull distribution with
o = 1 applies for each component of the electro-optical aid subsystem. This
assumptlon when used with the operating time of each comporient, permits

‘determination of the probablllty of failure of the subsystem. The operating

time for the various components is- dependent upon the system operating
schedule which is aninput parameter of the computer program. The input
parameter for the electro-optical aids is the mean-time~to-failure (MITF).

The pointing errors due to the electro- ~optical aid subsystem are
complex since they are functions 'of the complete closed loop system. The
pointing errors: due to a strapdown electro- ~optical sensor used as a star

tracker are discussed first and are followed by a discussion of the errors

due to using the sensor as a gimballed tracker. Later paragraphs treat
horizon sensor error models -and sun sensor error models.
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Consider the celestial tracker subsystem to consist of an electro-~

optical sensor operating in a closed loop through the integrated astrionics
subsystems shown below in Figure 13. ;

Electro-Optical Sensor

| 0 D | E | l

T Computer Subsystem

Electro-Optical Sensor
Attitude Control

Note: G ~ symbol for transfer function

Subscripts: O - optics
D - detector
E - electronics

FIGURE 13, CELESTIAL TRACKER SUBSYSTEM (CLOSED iOOP)

The output signal from the electro-optical sensor is the star
position signal and consists of the actual position signal, 0., plus the
signal due to the position uncertainty, Ous *
a star of visual magnitude m, is given by (Reference 14)

a?

I=1 2,51
o .

where I, = luminous flux density of a star of zero visual magnitude (my = 0)
Reference 14 gives the following values for Io: '

I =2.1x 10710 lumens

o cm
or .
1, = 3.1 x 10713 watls
~cm

- The transfer function of the optics is G, and can be written as

The flux density received from
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where Do is the diameter of the optics aperture and T, is the optics trans-
mission factor (To < 1). The power input to the detector Py, is given by the
expression

I D2T
- 00 o

P, = IG =
412.51™V]

d o

if the electronic scanning of the photo-cathode is used. If mechanical
scanning of the photocathode is employed, the power input to the detector is
a function of the scanning technique and the expression for Pg must be
modified to account for the mechanical scanning. References 10, 15, and 16
propose use of the electronically scanned image dissector for interplanetary
missions, Mechanically scanned sensors will not be discussed in this report,
although they can be evaluated by the computer program.

The signal to noise retio, (S/N)g, at the output of the detector is
dependent upon the detector being used. Signal to noise ratio is defined as
the ratio of the power output of the detector when a reference star is focused
on the detector to the power output of the detector when the reference star
is not present. This is the ratio of peak signal and root-mean-square noise
power. The image dissector error models (References 10, 16, and 17) are most
commonly discussed in the literature and therefore will be examined in this
report.

The uncertainty in the pointing error, Oygs, due to the electro-
optical sensor can be expressed as a function of the total system noise band-
width (including that due to the electronics, G, used for processing the
detector output), signal to noise ratio, (S/N)gq, instantaneous field of view,
total field of view encompassed by the photocathode, and time required to scan
the total field of view. Among other things, the time required to scan the
total field of view depends upon the scanning technique being used.

A suggested model for the pointing error uncertainty has been devel-
oped and is based upon the fundamental relationship for the signal-to-noise
ratio (S/N)gq in a photomultiplier tube. An approximate expression for (S/N)4
is (Reference 18, page 258)

| | i

(S/N) , = —
d \/ . T G
(2ei ) (£,-£1) (57
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where i = current from the photocathode due to photoemission (amperes)

i = current from the photocathode due to both photoemission and
thermionic emission (dark current) (amperes)

e = charge on the electron = 1.60 x 1019 coulombs
fz-f1 = BE = bandwidth of the electronic signal amplifier (Hertz)
G = gain per dynode stage within the photomultiplier.

Now

dark current

where id

ib = current due to background radiation.

Laverty states that ig is apprOhlmately zero for photomultiplier tubes and
image dissector tubes (Reference 16). Therefore, it is planned to omit this
term for the present. The current from the photocathode due to photoemission
can be approximated as:

. =17 052
i, = Pdelea = I 4 DoToSdlea
where I“DETO
Bt
I = flux density received from a star of visual magnitude m,,
D0‘= diameter of the optics aperture
T, = optieSrtransmission factor
S, = photosurface sens1t1v1ty to radiation of 2870° K color

temperature (ampo/watt) or (amps/lumen)

k1 = the ratio of detector sen81t1v1ty using incident radlatlon of
~~'the color temperafure of the star to the sensitivity to

radiation of 2870 K color temperature ,

' T_ = aperture dwell tlme;
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Assuming that the illumination due to background radiation (if
present) is IB’ the current, ib’ is approximately

. 2
17
i = IBpoToSdeTa
b 4
where k, = the ratio of detector sensitivity using incident radiation

2 of the color temperature of the background to the sensitivity

to radiation of 2870 K color temperature.

The signal-to-noise ratio, (S/N)d, can be written as

i
s/, = S .

. . G
2e (1S + 1b) BE (G-l

Squaring both sides, substituting for is and ib, and cancelling exponents
gives:

T ,
- D2T IS8 k.T
2 _ 4 "0"0” "d1"a
8/M); = .
d IBkZ G
2e (1 + EEI—) BE (ETI)
Define fB as
. -89
B Ikl

Substituting fB and taking the square root, (S/N)d can be expressed as

\/:1.’;_3 Do \/ToI Sdk~1Ta
(S/N)d = . .

| ' G
Vge (1 +va) BE (G-l

Notice that the method of scanning which determines the aperturefdwell,timé,
T4, has been accounted for, but the uncertainty in the time of passage of the
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star image through the instantaneous solid angle field of view, az, has nqt."
McCanless (Reference 15) gives the uncertainty in time of passage through a2
as

T
I
T S/N
B/
where Tp is the electrical rise time of the photosensor and electronics.

Laverty (Reference 16) includes a term, 1-e~8/RC (86 = signal pulse width and
RC = time constant of integration in the signal processing amplifier), in the
numerator of the expression for (S/N)g to approximately account for the same
effect. He notes '"this quantity may be replaced by the numerical value of
0.70 assuming a § to RC ratio of 1.25, for optimum detection'. To account for
this time uncertainty, a constant, CR, times the expression for (S/N)4q will be
used. This constant will be a piece of data for each photosensor. Therefore,
the expression for (S/N)4 can be written as

pu
C v =D T IS.k.T
(S/N)d= R4o\/o d 1 a )
’ G
2e (1 + fB) BE(G—I

The scanned photocathode diameter, Dpc’ is given by

Dpc = 2f tan (96/2)

where f = focal length of the lens system

0 = system angular field of view (degrees).

Similarly, the relationship between the diameter of the scanning aperture, Dsa"
and the instantaneous field of view, a, is ,

D= 2f tan = .
sa 2
The F number is given by
= £
F =D -
o

53



The aperture dwell time, Ta’ is given approximately by

D
- Ta T v
where V = the aperture velocity (scan speed).

Birnbaum and Salomon (Reference 17) give the uncertainty location of
the star on the photocathode as

- —Sa__
Ipe = 5 Ty,

where KS = constant dependent upon the scanning technique

™D = scan distance for one complete scan = D .
sa scan

The pointing angle uncertainty is then given by

-1 Sgg dgc
Ous = 2 tan = () =

using small angle approximations. Substituting for d

K ™ - D
g =-S_8a _ _s scan
us  (S/M), £ (S/N)d £

Laverty (Reference 16) states that in application of a photosensor
to interplanetary navigation, the background radiation may be considered to be
essentially nonexistent. Therefore, fp shall be set equal te gevo for the
present. The expression for (S/N)d becomes .

n J‘"‘"“"”
cR\/Z D, VTI S4kyT,

s/, = = .
2e By (5.7
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Recall that BE = Eil—_— . Substituting for BE’ (S/N,)d can be writfen as
scan
o ,
C Vﬂ:‘ D YT I1S,kTT TISKkTT
(S/N)d - RV4 c>v o d1lascan _ \/> o _d i ascan

 ~ d o G
G s
e (G_l) G"l
C
_ R /ﬂ
where Kd =5 \ -

Substituting (S/N)d into the equai:ion for eus gives

D D
e = S scan =K scan
us
T TSk T T \/TISkTT
d 1 a"scan d 1l a scan
deDov/ ) fD0 (
‘G 1 G~1
KS
where K ='E- . :
d

If the appropriate values are substituted, eus can then be determined for a
given star.

The pointing eriror due to the electro=-optical sensor is one component
of the total celestial tracker subsystem pointing error. The other principal
component of error is due to the method used in controlling the attitude of
the electro-optical sensor. Before continuing the discussion of the electro-
optical sensor attitude control, some words of explanation regarding the use of
the celestial tracker might clarify the entire topic.

Celestial tracker subsystems are used for scanning that portion of

" the celestial sphere within a field of view in order to detect and identify

a particular star and then for tracking the star of interest. The output of
the celestial tracker subsystem can be used for vehicle nav ‘igation and guidance
or attitude control.

E ~ In the celest1a1 Sphere mode, the system scans a comparatively large
field of view on the -basis of a preprogrammed or radio command. High accuracy
in the indicated angular position of the star being searched for is generally
sacrificed for rapid scan times, high signal to noise ratios, and high proba-
b111ty of detection,' -

In the tracking mode, high angular resolution and tracking accuracy .
are desired since the System is now operating in a closed loop feedback mode.
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The error signal in the tracking mode is nulled by repositioning the electro-
optical sensor or some portion of the optics used in the sensor.

The manner in which the sensor is repositioned for either scanning
of the celestial sphere or tracking of a particular star depends upon the
electro-optical sensor attitude control mechanization. The two alternatives
are mounting the electro-optical sensor on a set of gimbals and driven from an
associated servo system, or fixing the electro-optical sensor to the vehicle
(strapdown) and reorienting the vehicle to reorient the sensor. The computer
programs writtenm are capable of evaluating the tradeoffs between these two
concepts in terms of the system parameters used in the penalty functions.
Weight, reliability, and power considerations are rather straightforward and
were discussed previously. The performance (pointing accuracy) is the proper
statistical combination of the pointing error due to the electro-optical
sensor and the pointing error due to the method used in controlling the
attitude of the sensor.

I1f the sensor is gimballed, the following errors due to the gimballed
system (Reference 19) must be considered. These are:

(1) 1Inaccuracy of the gimbal angle readout

(2) Misalignment of the gimbal baseplate with respect
to the body axes

(3) Runout of gimbal bearings
(4) Nonorthogonality of gimbal axes

(5) Misalignment of the line of sight of the sensor
with respect to the gimbal pointing direction

(6) Servo system errors (static and dynamic).

Except for servo dynamic errors (which depend upon the type of transient
inputs the servo system must follow) and the quality of the servos, the
sources of pointing error due to the gimballed system are mechanical and
electrical inaccuracies which can be described in a statistical manner
(Reference 19). The statistical description of the errors due to the gim-
balled system and the combination of these errors with those due to the
electro-optical sensor must, at this time, be done prior to inputting as data
the total pointing angle uncertainty. The effort required to program the
equations (Reference 19) which permit more precise calculation of the pointing
angle uncertainty as a function of gimbal angles required to sight selected
observables was not consistent with the avallable funds and the overall objec-
“tives of the project.

- Should the electro -optical sensor be strapped down, 1n1t1a1 s tudy
indlcates that the pointing errors are principally the combination of the
error in alignment of the sensor axes with respect to the body axes and the
pointing error inherent to the sensor. This assumes the vehicle attitude
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control system mechanization can maintain an accuracy sufficient to keep the
star being observed within the sensor optical field of view. At present, the
statistical combination of the pointing error inherent to the sensor, 8,g,

and the errors in alignment of the sensor to the body axes must be done prior
to loading into the computer program the total pointing angle uncertainty as

an item of data for a specific star tracker. The many parameters which make

up 6,5 are quite interdependent and cannot be chosen arbitrarily. For this
reason, and also since the objective of this project was not to design electro-
optical sensors, the equation previously given for 6,5 was not programmed.

If it is desired to estimate various parameters of a star tracker
which consists of certain baseline components, or determine how variations in
these components might affect the overall parameters of tha star tracker sub-
system, the preliminary approaches discussed in succeeding paragraphs should
be useful. These approaches have not been made part of the computer program
since the objective of the contract was not the computer aided design of star
trackers,

The weight of the optics subassembly can be estimated as

A
w(opt) N w(det) +_W(te1) + w(housing)

where s weight of optics subassembly

¥ (opt)

>

W(det) weight of detector element subassembly

w(tel) weight of the telescope (barrel, mirrors, plates,‘etc.).

>

If the variation in weight of the different detector subassemblies
(sensor element + housing) is insignificant, W(det) could be treated as a
constant. (The photomultiplier tube housing has the form of a glass envelope.)
Otherwise, material densities and thicknesses plus dimensions must be known to
estimate W(det). The major portion of the telescope's weight is in the barrel,
but mirrors and corrector plates (if used) should be accounted for. The
telescope weight is approximately

(ﬂDo)(Thickness)(Length)(Density)‘+ W

W(tel) - (mirrors)

Weight of the housing for the- teleQCOpe and detector (and possibly the elec-
tronics as well) may be estlmated in a manner similar to estlmatlng the barrel
welght.

- If the optical subassembly is gimballed, estimates of weight may be
made on the basis of ring mounting, including weight of drive motors, W(dm),

»pleOffs, (po) ? ‘and housing structure, W¢ hh Lettlng Dl and D2 equal the
en ,

outer and inner diameters of the glmbals,
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(Di - D;)(Thickness)(Density) + W

A b=

w(gim) (dm) + w(po) + w(h) :

An example of the weight and accuracy estimation technique is given
in the following paragraphs. There are three options in the use of star
trackers. These are: (1) use an unmodified off-~the-shelf subsystem;

(2) operate a given electro-optical sensor in a strapdown mode or estimate

the total subsystem weight, power, reliability, and performance when gimballed;
or (3) design the electro-optical sensor using the relationships described in
succeeding paragraphs and estimate the total subsystem parameters when operated
in either strapdown or gimballed modes., Since design of electro-optical
sensors is not within the scope of the work statement, the third option is
ruled out.

For a given electro-optical sensor used under option 1 or 2, 6,  must
be considered a function of I and kj. The other parameters used in determining
Ous remain invariant when sighting on different stars.

For specified sensors, the following data will be needed:

(1) © = total system angular field of view

(2) ©ys (I,k]) = pointing angle uncertainty as a function of the
star illumination, I, and the temperature sensitivity ratio, ki

(3) Weight
(4) Power
(5) Mean time to failure (MITF).
1f 6,5 is known for a reference star with visual magnitude, myyef, the value of

Bus for a star with a different visual magnitude, myyx, and star temperature can
be determined by using

9 =6 \/2.51(mvx ) vref) (—== 1ref)
- usx usref a 1

where k the ratio of detectorwsen81t1v1ty using 1nc1dent radiation
: of the color temperature of the reference star to the

sensitivity to radiation of 2870° K color temperature

lref

Kix = the ratio of-detector sensitivity using incident radiation
' of the color temperature of the x star to the sen31t1v1ty
to radiation of 2870 K color temperature

euéréf = uncertalnty in pointing angle for reference star.
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Alternatively, eus for each star to be observed can be used if it is known.

An example illustrates the approach to estimating the total pointing
error uncertainty, subsystem weight, power, and MTTF. The data used in this
example was not gathered by Battelle and should not be considered as conclusive,
but it suffices to illustrate the procedure.

For the ITT Type FW 143 photomultiplier used as the Lunar Orbiter
Canopus sensor, Reference 10gives the following values:

o

D
|

8.2

o]
a =1

o
i

2cm

Sq = 80 P amps/lumen

G = 2.5
Af = 15.7 HZ
k, - 1.35

T = 0.75

o

For Canopus, my = -0,72 (Reference 10) and therefore

I
I = o) = 2.65 x 10-10 lumens < (2.51)0.72 = 5.9 % 10 10 lumens .
_.m 2 2
2.51 v cm cm

Since the data listed from Reference 10 are incomplete as required for the .
generalized model previously discussed, values given in Reference 10 for the
signal to noise ratio, (S/N)gq = 224, and Ous = 48 sec = 0.01333  will be used.
Thel data required for the generalized model discussed previously will be
incomplete for most sensors and will not permit direct calculation of Ous
The generalized model does permit determination of the variation in Bys with a
selected parameter and therefore can be used as. illustrated below.

Assume the diameter of the optics, D,, was changed with all other ;
parameters involved in (S/N)q held constant. 8,; would then change according
to the equation e :

0 = : Doref

e
usx usref D
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If Dy is doubled to 4 cm, then

- 2
9usx = 48 <4)

= 24 sec = 0.00667°

The weight of the lens assembly will change according to

D2
%
W =W -
LX LRef D2
0
. where WL = weight of lens assembly of reference optics
Ref
WL = weight of lens assembly of new optics
X
D

o = diameter of lens of reference optics
ref

?
D

D = diameter of lens of new Gﬁtiéi.
y S

& LT
. AU
£

it

I Before estimating the weight of the telescope, 4t is necessary to discuss the
relationship of D, and f.

A sketch illustrating two angles, 6 and u, the diameter of the
optics, Dy, the diameter of the detector, Dpc’ and the focal length, f, is
shown in Figure 14,

FIGURE 14, OBJECTIVE LENS FORMING IMAGE OF STAR ON DETECTOR

: 603'
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It is seen that

)
Dpr = 2f tan é ~ £0 (using small angles)
where © = system angular field of view.

Smith (Reference 20) notes that the relationship between D, and £ is a limited
one and states that for the optical system to be free of spherical aberration and
coma, the second principal surface must be spherical. For this reason, the
effective diameter D, cannot exceed the fogal length £, and the slope of the
marginal ray at the image cannot exceed 90 . This limits the numerical

aperture of the system to N.,A, = N’ sin 90° = N’. Smith introduces the effec-
tive £/# of the objective which is

D 6

£ D
f/#=l-)—=—-’£
(o [0}

for systems in air.

For systems with the final image in a medium of refractive index N',
Reference 20 gives

This was determined by setting the optical invariant, I* (a constant for a
given optical system) at thelobjective (I* = Dy6/4) equal to the invariant
at the image (I* = 1/2 Dpc N' u/2) and substituting u/2 for sin u/2.

Since D, = 2f tan u/2, it can be seen that changing D, does not
necessitate changing f unless one desires to maintain f/# constant. Therefore,

if we hold f constant, the length of the telescope will not change.

‘The thin lens law (Reference 21, p 46)

1 11
-— = (n - 1) (—— - .__.)
| Rly R,

where  n index of refraction

R1 and R2 “lens radii of curvature
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indicates that f does not change unless R1, R2, or both R] and Ry change.
Therefore, one might be led to believe that Dy could be changed merely by

increasing the thickness of the lens without changing £. However, this is
not the case as shown by the thick lens law (Reference 21, p 58)

beon o ba s
1 2 1 2

where t = lens thickness. The last term is a second order effect which illus-
trates that care must be used before making radical changes in parameters such
as D,.

o

Continuing with the weight estimation, the'weight of the telescope
would change according to

D

_ 0x
WTelx B wTelRef D,
Ref
where wTel = weight of the telescope barrel.

Ref

If it is assumed that f and D c remain the same, then it can be
assumed that the weight of the detector is the same even though the diameter
of the optics has changed.

The total weight of the electro-optical sensor with a change from

D to D would be approximately
o o
Ref X
. Dix DoX
sensor WL 2 + wTel D + WDet + wElect
X Ref D Ref “o
o Ref
Ref
where W. =

Det welghtiqf detector

not included in W

Welecr = Weisht of electronics and any other constant weight
' Det’

) For the purpose of illustration, assume the following for the ITT
Type FW 143 photomultiplier ‘ '
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L]

- 1.0 1b
L
= 3,5
wfel
= 0,
wbet 25
wElect = 2,25
_ = 7,00
sensor
IfD =4 cmand D = 2 cm, then
ox o
Ref -

_ 4 2 4 _
wsensork =1.0 (2) + 3.5 (2) 4+ 0,25 + 2.25 = 13.50 1b .

Assume the sensor is operated in the strapdown mode. Then the total
pointing angular uncertainty, 6,p, is the root sum square of the uncertainty

] \-\ (] 3 (4
inherent to the sensor 6,g and the uncertainty in alignment of the sensor axes

with respect to the body axes, OuBp. Assume By = 60 Sec. For the reference
sensor

0 =\/(48)2 + (60)2 ~ 76.9 sec (lo)
uT
Ref ; .

For the new sensor

éuT =\/(24)2 + (60)2 =64.6 sec (o) .
"X

The tradeoff between the feference sensor

W =71, @ ~ 76.9 sec)
sensorp . ; ,uTRef ‘

and the new sensor

(Wsensorx _.13.50 lb, ,euTx ~ 64.6 sec)
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can be made by using the computer program to evaluate a system using the
reference sensor and then the new sensor. This example was meant to illus-
trate the approach used in development of the estimation techniques and
should not be used conclusively since the data are only estimates.

System power and MTBF would be unchanged with a change in D, only,

Horizon Sensor Error Models. Many reports and papers (References 10,
13, and 22-32) have been reviewed in an attempt to determine if a common
horizon sensor error model is in general use. A model, widely accepted by
industry does not appear to exist.

It was observed that the errors inherent in the navigation solution
when using horizon sensors as state measurement instruments are dependent on
four effects. These are: (1) the uncorrelated errors intrinsic to the horizon
sensor, (2) correlated errors independent of intrinsic horizon sensor accuracy
which are usually classed as Earth phenomenology errors, (3) the use of statis-
tical filtering to process the sensor output and hence reduce the errors from

those directly due to the sensor and Earth phenomenology errors, and (4) the
measurement schedule employed.

The majority of the works reviewed indicated some form ¢f the Kalman
filter is used to process the horizon sensor output. Also, measurement
schedules varied widely.

Earth phenomenology effects include the random fluctuations in atmos-
pheric density and in the altitude of the apparent horizon as seen by the
spacecraft horizon sensor. Statistical variations in apparent-horizon altitude
were related to temperature fluctuations by McArthur (Reference 28) and des-
cribed by the autocorrelation function

-T/10 _-d/2500 2

@(t,d) = (0.88)2 e (km)

the standard deviation in the horizon (km)

where (0.88) =
10 = correlation time (days)
2500 = correlation distance (nautical miles)
d = distanée separating two placés on the earth where the
horizqn height is being measured
T = time befween;measurements-of horizon héight.
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Fitzgerald states, "In any case, the correlation times of interest represent
such a large number of orbits that it is probably safe, in satellite naviga-
tion problems, to neglect the time dependence of these processes entirely"
(Reference 24). This would appear to be true for the Jupiter flyby mission.
Values other than 0.88 km for the standard deviation in the horizon altitude
have been estimated (Reference 27).

Finding a correlation function of the density variations appears to’
be quite complex (References 23 and 24).

References 10 and 27 assumed systematic effects such as earth oblate-
ness are compensated for in the onboard digital computer.

Errors intrinsic to the horizon sensor (Refetrences 10, 25, 27, and
30) can be generally listed as:

(1) Bias and bias instability
(2) Misalignment
(3) Random errors due to detector and preamplifier noise.

These random errors will be classed as sensor noise errors. It is assumed
that deterministic bias, as determined in prelaunch calibration, is compen-
sated for in the data processing. Therefore, the errors inherent in the
‘sensor are considered to be bias instability, misalignment, and sensor noise.
If it is assumed that horizon sensors of the type studied in Reference 10 are
used, then the sensor noise induced error near null can be represented as
(Reference 10)

ooy
Aen = 25/ (1 q value)

where Y $can amplitude (degrees)

S/N

horizon sensor signal to noise ratio.

According to Reference 10, if all four horizon measurements are combined, the
system sensor noise is 2A8p. It is suggested that, for the purpose of this
study, S/N be calculated as shown below.

Y 8
c T D |

\/Aa By

S/N =
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NA, T

where C = constant = X

2
A, = telescope clear aperature area (cm’)

QT = telescope field of view (FOV) (steradians)

1/2
D*¥ = detector detectivity |SB-(HZ)
watts
) ,

Aa = detector area (cm’)
Bﬂ = noise bandwidth (HZ)
N, = minimum earth radiance = 365 watts

A .

A cm steradian
T = telescope transmission factor
k = preamplifier noise figure (TRW used k = 2 in Reference 10)

Reference 10 calculated the bias instability as the root sum square
(RSS) of the Earth phenomenology errors previously discussed, the telescope
angle transducer nonlinearity, and the uncertainty drift in the alignment of
the horizon sensor subsystem to the spacecraft. The Earth phenomenology
errors dominate the <ther two errors due to hardware bias instability.
Therefore, it is sugy:sted that the hardware bias instability should either
be removed from the combination with the other bias instabilities due to
Earth phenomenological errors or might be ignored for this analysis.

Misalignment is actually a bias effect caused by the inability to
perfectly align the horizon sensor subsystem to the spacecraft.

Results presented later in this report illustrate that for this
mission, use of horizon sensors is not warranted. Therefore, a general
horizon sensor model is not contained in the computer program at this time.

Sun Sensor. The error model assumed for the sun sensor has three
principal contributors. The first contributor is assumed to be due to insta-
bility of the measured bias of the sensor., The second term is assumed to be
an uncorrelated noise inherent in the sensor.. The final term is assumed to
be due to the uncertainty in the alignment of the sensor to the body axes.
These terms are combined statistically by taking the root sum square (RSS) of

~the values for the terms. This value is used in the computer program. The

time constant associated with the bias instability is assumed to be large.
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Radio Aids

The inertial system can be updated by using radio gommand guidance
which consists of various Earth based radar tracking networks and onboard
radio equipment. The onboard radio equipment is assumed to consist of the
Ii necessary antennas, a transponder, command decoder, and multiplexer. The

input parameters for the onboard equipment include weight, power, MITF, and

Weibull coefficient. These parameters must be specified for the present
?F version of the program. It is assumed that the errors of the tracking radar
%3 are combined with the inertial sensing unit errors using a Kalman filter as
previously discussed. Various error models were examined for the candidate
tracking radars. These are discussed in the following paragraphs.

An error model for interferometer tracking systems is contained in

J{ Reference 33. 'This model considers three types of radar noise and bias for
L each radar data output. These include:
NS Sﬁ" )
Y (1) Known bias
- (2) Unknown bias
- (3) Random noire
%; The noise error equations are:
i = '
botl
' AR = aﬁDWRD + bﬁDVﬁD
i
il
i§£ 2
B Ap=(a_xcsc " E+c )W +DbV
8 P p P PP

>
a)
il

2 \, 2
X csc E + y W o+ {1 = W + b V
(aq cq)(qu p qu q) qq
2 ‘
Ap = (a: x csc”" E +¢+) We + b.V.
p : P P PP

; | T, w 2
Aq = (a- x ecsc  E+ c:)(p *W. + V1 ~ p“.o W) + b-vV.
1= (ag % "o (Ppg¥; P

, Pqa 49 qq
where - AR = random error in the range measurement
R =  random error in range rate
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= random error in the range difference measurement
between the central station and the second doppler
station (L configuration) or between the first and
second doppler stations (X configuration)

= random error in the range difference measurement

between the central station and the third doppler

station (L configuration) or between the third and
fourth doppler stations (X configuration)

= rate of change of Ap =

= rate of change of Aq

= elevation angle measured from the horizontal
= coefficients for range rate error - ft/sec

= coefficients for range rate error - ft/sec

= coefficients for Ap error - ft

= coefficients for Aq error - ft

= correlation coefficient relating Ap and Aq

= coefficients for Ab error - ft/sec

= coefficients for Aq error - ft/sec

=  correlation coefficient relating Aé and A&

outputs of random number generator with zero mean
and unit variance. New numbers are generated for
each tracking data point in a simulation

outputs of random number generator with zero mean
and unit variance. New numbers are generated for
each new computer run, but the numbers are constant
for each tracking data point within a run.

Reference 33 states that the random hoise error (associated with W_, W: _, etc.)
might be due to thermal noise, noise due to propagation effects, quantization

‘noise, or multipath.

The error described as unknown bias (associated with

VR» VRp, etc.) represents errors that are constant for a given mission but
change in a random manner from mission to mission. This erxor includes the
very low frequency components of noise, drifts due to equipment warm up,
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limits in the accuracy to which the equipment can be calibrated, and errors in
the propagation correction. '

Use of the appropriate numerical values for the error eoefficients
in the foregoing equations will allow use of.the following tracking systems:

Azusa II (interferometer)
Mistram I (interferometer)
Mistram II (interferometer)
Glotrac (not an interferometer)
UDOP (not an interferometer)
ODOP (not an interferometer)

GE MK TI Guidance System ..

GE MK III Guidance System.

Data for the two GE systems are classified confidential. Referemce 33 states
that examination of the data upon which the foregoing equations are based
indicates that the coefficients ap, Cps Cqs Cps and c¢; are zero. Coefficients
for a system with average accuracy are listed in Reference 33. A rating
factor R (listed in Reference 33) is used to calculate coefficients for a
""good'" system or a "poor" system. The coefficients for an "average" system
are multiplied by 1/R to obtain the coefficients for a "good" system and by R
- to obtain the coefficients for a "poor" system.

Since the vehicle will be "over the horizon" as viewed by the
Azusa II and Mistran I and I1 systems at the time of the possible parking orbit
updates, and past the maximum range of these systems at the times of possible
updates prior to midcourse, this interferometer model was not used.

C-band radai tracking accuracies are given in Reference 34. The
values used in the program were obtained by taking the RSS of the noise and
bias.

An error model which could be used for the Unified S Band System
(USBS) is given in Reference 35 ~ The model assumes that three uncoupled

for each station. These three .error sources are:

(1) "Whlte" noise (i.e., measurement errors uncorrelated from
' one sample to the next)

(2) ' Correlated noise w1th a short correlatlon time and termed
"colored" noise
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(3) Correlated noise with a long correlation time and
termed "bias".

WrSLSTRIE

H
o

The values for range errors are given in Table XI.

£
|

1
TABLE XI. RANGE ERRORS ' A

White 0 = 5.25 meters -
- |

Colored o= 7.67 x 10 > R meters, T=7.5 sec i
Bias o = 10 meters, T=4 x 104 sec Mg

The values for range-rate errors are given in Table XII.

TABLE XII. RANGE-RATE ERRORS

2 x 10713 (1 40.03 AR + 6.5 x 10°8 (1 + 0.03 AR

White o}

+2x107% (1 +0.03R)7%

Colored o = 0.05 meter/sec, T

0.2 sec

]

; ' /
Bias o = 0.05 meter/sec, T=4x 10 sec

The values of the parameters in this model can be changed to represent an
actual radar system such as the USBS. ‘

| Values for the§U$BS and alternate error models are given in
Reference 34. These models and values are being used. All of the USBS radar
sites being used in the program are land based. Therefore, the land based
tracking accuracy of the USBS 30 foot antennas was examined for the cases of:
two-way Doppler, nondestructive T count; two-way Doppler, destructive N count;
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~and three-way Doppler, nondestructive T count. It was arbitrarily decided to
use the two-way Doppler, nondestructive T count at a sampling rate of 1 per
second for the purpose of exercising the computer program. The 1o values
used for range, range-rate, and angles were found by taking the RSS of the
total noise and the bias,

The error model assumed for the DSIF is the two-way Doppler, non-
destructive T count, discussed in Reference 10. The range-rate error used in’
the program is the RSS of the range-rate bias and uncorrelated noise on the
Doppler rate.

Ground tracking station data are loaded as shown at the top of
Figure 15. For each ground station a label, latitude, longitude, and the
names of the radars available at that station are given. For each radar used
by ground tracking stations, the maximum range in feet, range error in feet,
elevation and azimuth errors in radians, and range-rate error in feet per
second are loaded. It should be noted that the maximum range specified for
the DSIF radar is 1 x 1050 feet, a number chosen to represent an arbitrarily
large maximum range. It should also be noted that zero range-rate error has
been specified for the C-band radars. This could be interpreted as perfect
measurement of range-rate. However, the program is designed to assume a zero
error as an unmeasured parameter.

A check of spacecraft visibility by various radars from the specified
tracking stations may be requested. Examples of such output are shown in
Figures 16, 17 , and 18. This check is performed by specifying a starting
time, a stopping time, and a time increment. For example, the run of Figure 16 "
specified a check from zero seconds to 7200 seconds (2 hours) in steps of
30 seconds. The results indicate the spacecraft is first visible from
Antigua Island during the launch portion (first burn) by radars number 1 and 4.
The spacecraft is considered visible when it has an elevation of greater than
5° above the horizon and a. range less than the maximum range of one of the
radars available at the station. Because the program only checks at the
specified step intervals, the jnitial elevation printed will always be the
first elevation greater thag 5, and' the last elevation printed will always be
the first elevation below 57 ; thus, the printing of 6.03 for the first
visibility from Antigua Island. The output then shows the spacecraft to be
lost by Antigua Island 12 minutes (720 seconds) into the mission with the ele-
vation of 4,137, and a total time in view of 210 seconds. The spacecraft is
then viewed by Ascension Island, radars number 1l -and 2, 22 minutes into the
mission while in the parking orbit, and 1ost by Ascens1on Island 26 minutes
into the mission, for a total time in view of 240 seconds. Finally, Carnarvon
picks up the-spacecraft 44 minutes.-and_30 seconds into the mission w1th radars
number 1 and 4 at a range of 3.04 x 107 feet. Carnarvon loses contact with the
spacecraft beyond the 7200 seconds Spec1f1ed for the check. Therefore, the
time in view was not printed. Figure 17 shows a similar check of" tracking
stations from zero seconds to 2 days and 2 hours into the mission with checking
~occurring every hour. Figure 17 also shows the visibility of the spacecraft in
‘the early heliocentric portion of the mission. Figure 18 is a check of ‘
tracking stations from 379 days into the mission to 410 days, 10 hours,
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4 minutes, and 2 seconds (the time of nominal perijove) with checking of the
spacecraft occurring every.10,000 seconds. This run resulted in a lengthy
output, so only the first portion (Figure 18a) and last portion (Figure 18b)
of the run are shown. These checks of tracking station visibility are neces-
sary to make reasonable mission schedules so that impossible updates will not
be specified.

Attitude Control Subsystem
,/

The attitude control system consists of twelve thruster nozzles (a
pair' for control about each positive and negative axis). The thrusters are
driven with cold gas from a single tank. All nozzles are not necessarily

identical and their moment arms about the spacecraft center of gravity may
differ.

L The control system of each axis is assumed to operate in a bang-bang
fashion. Each pair of nozzles delivers a thrust F for a brief duration t,
with each nozzle in a pair being separated by a distance 2R. The impulses
from a pair of nozzles form an impulsive couple which makes step changes in
spacecraft angular rate given by

2RFt _ 2RAM
I I

A =

where I is the appropriate moment of inertia and AM is the linear impulse Ft.
It is assumed that the durations of the impulses are equal. However, because
of differing radii and moments of inertia, the AW about each axis may be
different.

‘Proper sizing of the thrust level of mass expulsion attitude control
systems, such as the cold gas reaction jet system being used as the reference
system for this study, requires consideration of the requirements imposed upon
the system during operation. Basically, the requ1rements which determlne the
reaction jet thrust can be llsted as follows: ; , , i
(1) A specified change in angular rate, A8, must occur within

a specified increment of time V

(2) A specified change in angularmrate’ Aé’ ust occur within
‘a specified angular increment, A6 -

(3) A specified increment in angle, A6, must occur within a
specified time increment. ,
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During these possible maneuvers, both control and disturbing torques may be
continuously or intermittently present. The variety of possibilities which
must be considered in sizing the attitude control system, and hence permit
determination of its weight, will be discussed before developing the equations
needed for sizing of the system. The requirements to be met include:

(1) Sufficient control torque must be available to remove the

rates imparted at separation of the spacecraft from the
launch vehicle '

(2) Sufficient control torque must be available to perform
required reorientation maneuvers

‘(3) Sufficient control torque must be available to maintain
the required pointing accuracy of the vehicle while subject
to disturbing torques.

The disturbing torques during interplanetary mission may be imparted due to

(1) misalignment of the midcourse propulsion system thrust chamber during
midcourse correction maneuvers, (2) solar radiation pressure, and (3) meteorite
impact.

A general mathematical model, which will be useful in many of the
cases, is developed in the following paragraphs. Assume that at some point on
the limit cycle (8y, 63) a disturbance torque, My, introduces a disturbance
angular acceleration, ag. Sufficient control acceleration, ¢y, must be avail-
able to assure that the vehicle remains within the tolerance band, 16, i.e.,
the pointing accuracy requirement. The phase plane plot in Figure 19 depicts
the case being considered. :

o \
A 01\
\ ;
Switching
Curve \

FIGURE 19. PHASE PLANE PLOT DEPICTING DISTURBING
: - AND CONTROLLING ACCELERATIONS -
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Referring to the numbers on the plot, it can be shown that

6, = 6, +—/— . (D
At point 1, the plot intersects the switching line of slope k. Therefore,

5 = kél o, . (2)

Solving Equation (2) for ©; and substituting the result for 01 into Equation (1)
gives

, 2 . o2 |
6-k91=90+ zd, . (3)
d
This can be written as
B 4 20, kB, - 20, (5 - 0.) - 82 = 0 (4)
s B | d 0 0 ’ '
Therefore,
S 2 .2 - 22
el.— -0y k + \/a,d k™ + 20, (s - eo) + eo . (5)

Due to the control reaction time, t, seconds pass after intersecting the

switching line before the control acceleration is actually applied at p01nt 2.
Then

e, = e1 +oagt, ) - (6)
and ‘
(85 - &9 - |
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Substuting él from Equation (5) into Equation (6) gives

. 2 2 ¥
62 = oadk +VOcd k™ + 201,d (6 60) + 90 + d’dtr
=q. (t = k) 4-Vd? K + 20, (86 - 0) + éz (8)
d r d d 0 0

Squaring Equation (6) gives f;
N n2 ; 2
92 = el + Zocdtr 91 + (cx,dtr) . (9) zj
Therefore, N
.2 : 2 .2 2 g
e1 + Zocdtr el + (adtr) - el . £ . . f
92 = 61 + 203 = 61 + tr 91 + aﬂ —E— (10) N
Recailing that 91 = § = kél permits Equation (10) to be written as "1
‘ | |
: , e ? . 2 E
= - —_—— - —— o d

62 8 kel + tr 91 + a3 § + 91 (tr k) + @ (11)

Substituting for ei from Equation (5) gives
1
A
o S 2

6,= 6+ (k-t) ak+ (t -k Vq,zkz + 2 (86-8)+ 8 +a L . (12 ¥
2ro r’ d r d ™ .74 0 0 d 2 R R

~ The igitia} conditions at the moment in time the control acceleration
is applied are 63 = 61¢ and 69 = O1c- At the end of the first on period, tgj,

6, =0 +8 t | (13
‘o1 i
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and
- tcz)l |
O =0t O tort % (14)
01
where
eo = -(ac - ad) . (15)
At the end of the first recharge period, trcl’
6 =8  +0 ¢ (16)
trl to1 r rcl
and
3] =0 + 8 t .+ 6 — (17)
tr1 tO1 to1 rcl r 2
where
er,= a, . ' (18)
Substituting for ét in Equation (16) gives
0l i ;f.
8 =%t 8 top T Ot | (19)
rl o : :
Similarly, é
2 2
6 =06 +6_ ¢t +e—t°1+(e +.e."‘t)t"‘+e°tr°1 ,
t, IC  IC 0L" "0 2 Ic” 70 01’ ‘rel 2
L o ‘tgi‘ : t1%c1
= 0 | == 4 ‘ - £
8ic t 8 % 2t tor trea| T & (20)
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where

cy 01 rcl
At the end of the second period, too?
. - . .e. _ o .e. LX)
O % T % top T Spgt B (kg tep) v 8k
02 rcl
and
t2
. 02
6 = 6 + 0 t., + 6, — .
to2 trl trCl 02 0 2

At the end of the second recharge period, tcm’

eE = 9t +“Qr trc2 - 90 + e0 (tOl + t02) + er (trcl + trc2)
r2 02 " .
. e
and
tgcz .
. =10 +6 + 9 =0+ 8 + b [; +t ]
tr2 tyo t02 rc2 r 2 IC IC “cy IC 02 rc2
. tgl' tgz | R
8 |72 ttop trer t top top t o F (Epp Ftgy) Eo,
‘ ticl | - ticzi
+ 8 2 + trclt02+trcltrc2 +'-TE- :
Now th1 E tcyz - tCY’ tOl - t02 =;t0,kand trcl =_trc2 =~t1:c'
Therefore, '
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_ N Pys 2 .o 2
etrz = BIC + ZGIC tcy + eo [%to + 3t0 trc] + er [Btrc + trc to] (26)

For N cycles,

6. = 6. + Nt 8 + Nt er = eIC + N (eo ty + er trc) (27)

and

= 9
. vl 2%  N@m+D
t 7; + t. t

O = Bpg T NO to, + Gy IN 2 0 “rc
t2
. . 2 "re N (N - 1)
+ er‘N > + 5 trc t0 _ (28)
Solving Equation (27) for N gives
6 - 6 ,
N = 1€ - —48 (29)
eot0+e trc eot0+e tc
where
48 = 8y - 9

Recall that 60 = g ~ a, and 9 = aq4. Substltutlng these relation-
ships for 60 and Gr in Equations (28) and (29) gives

. % 2 2 9% 2 o2 | s :
,eN = BIC + NGIC tcy + 5 N ,tcy -5 | to + N(N + 1) ty trc _(30)
and’ ‘
%4 tcy % tOf ~ S
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- Substituting N from Equation (31) into Equation (30), and setting up to solve
for a,, gives, after much manipulation, an equation which can be written as

aaz +ba +c =0 (32)
c c
2 Aé trc
where a = tg (A0 - 5 ) (33)
*2
b =486 t t 20, t t AG-&-A-Q-(t t +t2)
IC cy O d 0 2 0 rc 0
A8 |
+ 2 % tcy t0 trc (34)
2 2 sa 2 % 2 2 :
¢ = ay tcy AD. - AB eIC tCy a; "t AD tcy . - (35)
Therefore,
_-biVb2-4ac
a = . (36)
. c 2a
It is known that a, = QEE ‘ : ~ (37)
R |

where R distance from each reaction jet to the vehicle's

center of gravity

F = reaction jet thrust level

Ii = moment of inertia about the ith vehicle axis.
Therefore, : ' o
Sk -bivb?--aac] o
2R "¢ 2R 2a ' * '
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If it is assumed that the vehicle is not undergoing a disturbing
acceleration, i.e., oy = 0, then

_ .2 A8
a = t0 (AB 5 trc) (39)
. Aéf )
b = A® ®rc tcy tg + 5 (tO trc + to) (40)
K c = 0, - - ' (41)
In this case,
L _h _ 200 eIC + A8 tcv ) 208 eIC + A tCv “2)
c a A0t - 200 | Fo 206 - AD ¢t o
re re

i .

This equation applies to the case in which a specified change in angular rate,

A8 (such as that which must be removed after separating from the launch
~vehicle with a higher than desired angular rate), must occur within a specified
angular increment, AS,

Therefore,
1. (262 + 200 8. ) ¢
i IC

CcYy
F = =& , ) (43)
Rolne-nte |t
re .

If t =0, thenmt = t, and the minimum F results. That is,
re , cy 6 o

. . a2 . o \2 a2
- 0 I. - 0
L N Y i N ic|

P |26 | Twm|Twmo| - @

Reca}i from Equation (27) that for each cyele tpéw¢hangefinké, Aé, is

~equal to the A® of every other cycle provided the 9. and éf“teméigkconstant
~ from cycle to cycle. Therefore, if the requirement is to change © by the
~amount Aé'within;a~5pecific time increment, Equation (27) can be used to find
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the value of ac required. Substituting from Equation (15) for éO and Equation
(18) for O, gives

N~ Bt N (ag ~a) ty+ Noy &

D
Il

eIC + Nad (to + trc) - Nac fs

0

Opg + Nag £ - Mo £y . (45)

As before, it is assumed that tgp, trc, and te.y are constants. If the time
increment is specified as ty, then the number” of cycles, to the nearest integer,
is obtained from

t
N =T (46)
cy
Substituting this into Equation (45) gives
t t
C N Iy
eN eIC f %4 t tcy t OLc t0
cy cy
. tN
"frc % SN T% T %o - (47)
cy
Solving for aé gives
(Brg = Oy +og &)t
G = t t
¢ N0
é +a, t t S
= (A PR ey 48)

The required value of F is
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o, £.) t
[ d N cy
F=1,  — = . (49)
i 2R 2R tN tO
‘1f Gﬁ is zero, Equation (49) reduces to

Ii/.\.étc
Pt - (50)

N 0

The minimum thrust level would occur when continuous thrust is available, i.e.,

trc = 0, In this case tO = tcy and

I. AD
F = == . (51)

2R ty

The final fequirement to be analyzed is the maneuver through a known
angle, A®, in a given time, tp. It is possible to determine the control accel-

eration from Equation (28), and the relationships 6, = a, - oo and § = a..
. 0 d c r d
~That is,
t2
' 2 0, N(N + 1) _ _ .
: (ab ’ad) N 2 + 2 t0 trc eIC eN + NeIC tcy
t2
+a N2 rc N(N + 1) ¢

d 2 2 rc 0

which yields

2 ‘ 9
0 - 9.+ N6 t trc’_q_l_: N(N D trC tO + N2 _Eg + N(N + 1)t
1C N IC “cy 2 -2 2 2 re 0
a = _ ; ‘
C : ,
NN + 1)
+ t. t
270 re
or
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IC IC ¢ d
Q =
A t2 ‘ . (52)
2 0 N(N + 1) I
N + t, t s
2 2 0 "rc
tp Ii'd
Now N = T Also, F = R ° Therefore,
cy
R 2 ]
: 2 5.y 2
Ii OIC - eN + NGIC tcy + o N > + N trc t:o |
F = R 75 . (53)
N to + N(N + 1) to trc
If no disturbing acceleration is presenf, then -
Iy ¢ ~ St MO
N to + N(N + 1) to trc

It must be remembered that if the final conditions require 6 = 0, then the
given time and angle entered in the above equations are one-half the total
maneuver time and angle.’

The minimum value of F results when ty. = 0. Figure 20 depicts
three different levels of thrust for the bang-bang type of control system.
The line marked F3 corresponds to .the minimum thrust case. e equals zero at
the start and end of the manuever for all three cases.
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FIGURE 20.

REORIENTATION MANEUVER PHASE PLANE PLOT FOR CONSTANT
IMPULSE AND DIFFERENT THRUST LEVELS

Notice the linear impulse, Ft= MM, is constant and that
¥, »F, > F, =F . . .
1 2 "3 Minimum

After determining the maximum thrust level required to perform the
various maneuvers described by the above equations, the weight of the pro=-

pellant for each maneuver can be determined from the relationship

where Ig, =

Spec1f1c impulse of the propellant.:

- The factor of 2 is due to the
fact that two thrusters are required for performing a maneuver.

The needed equations for determining the weight of the attltude
control system propellant have now been developed.

equations can be best illustrated by reexamining the principal functions which
the attltude control system must satisfy.

The application of these
performed by the attitude control system.

Three principal functions must be
These are: (1) establishment of the
initial orientation of the vehicle after separation from the launch vehicle;
(2) occasional reorientation maneuvers; and (3) attitude stablllzatlon during
coastlng phases of the mission. -
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The initial orientation function consists of eliminating initial
angular velocity errors and establishing the necessary orientation for
acquisition of predetermined observables by the electro-optical sensors.
Reference 36 suggests a logic for this phase which is described in the follow=-
ing paragraph.

Control is actuated on angular velocity error, ©, and keeps operating
until a predetermined © is attained. The vehicle continues at this low 6,
termed "search rate'", until the electro-optical sensors respond and indicate
“lock" on the desired observable. As the vehicle approaches the zero attitude
error point, the limit cycle switching function is energized and arrests the
motion, reducing all deviations to steady-state limit cycle values. Figure 21
illustrates the phase plane plot of this maneuver.

e
6. —pt
o ™
| —d——f-_;:;;ZE~“~
A 6t* Rate

‘_>e

-4

: »
—£Ve10city Error L Limit Cycle Switching Function
Switching Function

. %*Legend: td = cutoff time lag (from off signal to zero thrust), sec

-

FIGURE 21 . INITIAL ORIENTATION MANEUVER PHASE PLANE PLOT

-
The advantages of this mode of operation are: (1) no excess impulse is supplied
by the.control, and (2) the limit-cycle switching function is given a slope

such that it reduces the search rate to 11m1t cycle rate w1th one impulse -
(Reference 36) .
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The magnitude of the search rate can be set at a level which will
permit acquisition of the reference observables before the vehicle completes
one revolution. All systems will be considered stable and if given sufficient
time, the maneuver can be accomplished. However, if the requirements specify
that the maneuver must be accomplished within a definite time or that the
angular displacement, A®, during the maneuver may not exceed a definite value,
then the thrust requirements are unique as shown by Equations (38), (43), (44),
(49), 60), and (52). For the systems sizing calculations, the most severe
maneuver on the mission schedule is taken as the determining factor.

Performing a reorientation maneuver to sight another observable
involves rotating the vehicle about one or more axes. If the rotation through
a specified angle, AB, is to be performed within a specified time limit, tr,
several levels of thrust could be used. As previously stated, it is assumed
that §(0) = é(tT) = 0. The start command signal is given on an attitude error,
A8, and the cutoff command is given on an angular velocity, 8.. The vehicle
then coasts at this constant rate until it approaches the desired attitude,
at which time an equal and opposite control impulse is applied, bringing it to
rest or within the limit-cycle region. Figure 22 depicts a phase plane plot
of this maneuver.

A
£
1
S—>
[£ =0 |
0, 6 <0 0,
- —= » 0
je A8 >

FIGURE 22, ROTATION MANEUVER PHASE PLANE PLOT

Notlce that no- limitation has been spec1f1ed on the thrust F except
that it be of constant magnltude Recall that 2RF = Ile‘ This implies that
“any value of F would allow solution for- 8., 1In reallty, an additional cons~-
straint must be applled Strapdown' 1nerr1a1 guidance system components and
torquing loops are generally designed to operate at or. ‘below a specified
angular rate, 8. Therefore, constralnlng ® to some méan or maximum value
results in constraint of the thrust to a corresponding mean or maximum value.
‘This implies that the vehicle must have a definite velocity increment imparted

Lé
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to it within a specified time period. Theoretically, the propellant weight
is not influenced by thrust variation, because thrust level, F, and impulse

duration, t, are assumed to vary inversely such that their product, Ft = AM,
is a constant,

For attitude stabilization, consideration must be given to undis-
turbed and disturbed limit cycle operation. In undisturbed operation, the
thrust level should be as low as possible, since increasing thrust increases
the limi%t cycle frequency and decreases the amplitude of operation. The
impulse requirements for disturbed limit cycle operation are invariant with
control thrust, since they are determined by the magnitude of the disturbance.
Because of time delays between sensing of the disturbance and actuation of the
control system, the control torque must be higher than the disturbance torque.

The principal difficulty arises in determining the magnitude of the
disturbance which may be due to various sources. Examples of these disturbance
sources include: (1) meteorite impacts; (2) torques due to solar pressure
acting on the area of the spacecraft normal to the spacecraft-sun line;

(3) midcourse correction maneuver roll axis control; and (4) excessive
(unplanned) launch wehicle/spacecraft separation rates.

As discussed in Reference 6, meteorite impact is potentially a
serious source of attitude disturbances. The average thrust capability must
be set tn permit cancellation of meteorite induced angular rotation before the
spacecraft has drifted out of the attitude tolerance band (28) which is
determined by the necessity to maintain the optical sensor lock on the observ-
able being used. This band is directly related to the optical sensor field of
view (FOV). :

A meteorite of linear momentum M, striking the spacecraft at a
dlstance L from the center of gravity imparts an increase in angular rate

The average torque required to cancel w before drlftlng through the
angle 296 is : g
12’

= m
Ta 261 g

The required thrust is then" -
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However, the L, I, and R may be different on each axis. The thrust
must be set for the worst case. Thus,

2 ¢ %
F = Z%-EEX Maximum of IR i = yaw, pitch, roll,.
0 ii

It should be noted that the meteorite impact data used for deter-
mining the required thrust do not agree with that in Reference 37, a NASA
Contractor Report. The source of the data used was Reference 6 (also 'a NASA
Contractor Report).

Disturbance torques to solar radiation pressure can be estimated

starting with the expression for solar radiation force derived in Reference 38.
This same equation is listed in Reference 39. The equation is

F = [% p (1 -8) cos 8+ (1 -+ sp) cos? 9] PA En + (1 - Sp) PfA cos 6 sin 9 Et

where F = the force developed as a result of momentum transfer of

the photons at the satellite surface

p = reflectivity, where p = 1 means complete reflection and
p = 0 means complete absorption

S = Specularity,wherevs = 1 means that all photons reflected
are reflected specularly and S = O means that all photons
‘reflected are reflected diffusely

A = area of'spacecraft intercepting the radiation

© = angle between the spacecraft‘normaf and the radiation field

Pf = radiation preSSure_;.0.47 :L;flO"5 newton/m2 near earth
(Reference 38) radiation pressure = 9.8 x 1078 1b/ft2
near earth (Reference 39) ~ :

ﬁn'= unit normal vector as shown in Figure 23

’Et = unit vector formed by intersection of the surface with a

plane containing U, and ﬁhras shown in Figure 23.




Incoming
Radiation \\:\:\a

u

FIGURE 23. SOLAR RADIATION ACTING ON A SPACECRAFT

The solar torque can be calculated from the equation
T = |F| 4 sin A

where A = angle between the force vector and a line joining the
- spacecraft center of mass and center of solar radiation
¥  pressure -

e
]

distance between the vehicle center of mass and center
of solar radiation pressure

T = torque due to solar radiation.

The maximum force due to solar radiation will occur when 6k=»0 and

p=8S=1. Then
F = 2PfA un K

and

T =2pA ¢ sin A .
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. o . .
The maximum torque occurs when X = 90 . The maximum disturbance torque due to
solar radiation is

T = 2P A 1L
max £

The reaction jet thrust level required to balance the disturbing torque due to
solar radiation can be found from the equation

2 £
o 2PfA ) PfA
2R R '

As the spacecraft proceeds away from the Sun, the intensity of the radiation
decreases as shown in Figure 24(Reference 39). Therefore, the maximum
disturbance torque caused by solar radiation occurs in the earliest phase of
the reference mission, '

By
o
o=t :
a :
g 1000 |
364« | Mercury
4
2 W
O ~
0
& 49
o o
o (54
T £ 100f
5 Jupiter:
i )
) ‘ ; .
w 10 ] i {‘ 7!1 . . | A L ; ‘l ]
1 2 - 3 4 5 6 7 8

Distance from Sun (Kmkx 10~
o

FIGURE 24. SUN'S‘RADIATION VERSUS DISTANCE FROM THE SUN (Ref. 39)
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Misalignment of the midcourse propulsion system thrust chamber with
respect to the center of mass of the vehicle creates a disturbing torque when
midcourse corrections are made.

The torque on the spacecraft is given by

=?‘MCXI

where Z&C = the engine location with respect to the center of mass
—-’ 3
FMC = the engine thrust.

If errors in location and thrust are included, then
= (T_+ M) x (F_+ oF)

where the subscript o indicates nominal and A indicates errors. Expanding and
dropping second order terms gives

T = T xF + T X AE-+ M x f

o] o (e} (e}

The nominal location and thrust are both assumed to be collinear with the roll
axis so any disturbing torque is due only to errors. That is,

T=1 x Aﬁl- F x A

o] o}
Expanding in roll (R), pitch (P), and yaw (Y) coordinates gives

. #,d ’“w,hw;‘

R
o = dLR AFY + FR ALY‘ , and
T, = LR AFP - FR A&P' .

- The errors in force, AFY and AFP are
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uFP = FR QP and : AF, = F

where {p and (y are the small angles (radians) describing the misalignment
about the pitch and yaw axes.

Thus, dropping algebraic signs for worst case analysis yields

-3
Il

Fo (g Cp + M)
and

= 4 .
Ty = Tue (g Gy + &4p)

where Fyc = the nominal magnitude of the midcourse engine thrust. Assuming
the errors are equal about pitch and yaw gives

T, = FMC (&RQ + A) .

The reaction jet thrust level required to counter the disturbing
torque 1s given by

F c (&Rg + M)
2R

- Excessive (unplanned) launch vehicle/spacecraft separation rates
will affect principally the time sequence of events during the mission. If
the attitude control system is sized on the basis of a change in rate in
(1) specified time, or (2) angular increment, the excessive (unplanned) rate
will essentially cause the rate to be hlgher than de81red .at the end of the
time or angular 1ncrement s

Since thrust levels are established by evaluatlng all 5121ng requ1re~
ments and using the maximum, it is possible that maneuvering through a given
angle in a given time may involve coastlng as shown iniFigure 22. Using the
~ thrust levels established by the sizing, the total 1mpu1se required for per-
forming the maneuvers must be calculated. For maneuvers involving rotation
about more than a single axis, the total time allowed is proportioned between
the axes. With the requirement of traversing through a given angle in a given
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time thus established, the total on time is calculated for each axis. The on
time is calculated assuming that the total angle, A6 = 2A67 + A6., and that
impulses are supplied until the angular velocity Bc is reached at which time
the vehicle coasts at the constant rate 6. until the remaining time equals the
total time of the first series of impulses. At this time, a series of equal
and opposite impulses are applied to bring the vehicle to rest.

The equations of motion are

where At = on time of the first series of impulses. Also,

and thérefore,
DO = 208 + 00 =8 (ae)% + b ¢ = B (A? + Bt At
c cc c

where te = time of coast.

Using tp = 20t + t, with the above equation, there are two equations
with two unknowns when A® and tg are specified.

88 = 8 [(an)? + £ At]

Substituting for tc’ the equation for A® becomeé

A©

8 (a2 + (b, = 286) 4t]

=B ? + gt - 20007

8 [tpAt (At)2] ¥
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Solving for At gives

A8
6

= l!-iﬁw
i {av}

= —L
At 2 +

The total on time for the maneuver is 2At.

The total impulse for the maneuver is the summation on the three

axes, Or
y ) ; t0 . ) - t2 200, T
TOT . . E + t i T, T R. F
i=1 70 re i i i1
- . .th .
where Fi = thrust of i axis
Ri = thrusf arm of ith axis
_ . ) .th .,
Ii = moment of inertia of i axis
= .th .
Aei = angle to be traversed by i axis
tT = time allowed for maneuver about ith axis. )
i .

The fuel weight is then

Mror

WMANEUVER ~ % T
sp

~as previously discussed.

"Each factor that influences the attitude control system thruster
sizing is evaluated based upon the data input tc describe the spacecraft,
mission schedule, and the attitude control parameters. The. maximum value of
thruster magnltude requlred to meet the data specified can be the same for all
three axes, if that option in the program is elected or different for all three

eaxes of the spacecraft. The data used to describe the attitude control |
’~requ1rements should be realistic ‘to permit evaluation of the tradeoffs between
' maneuvering the spacécraft with strapdown electro-optical sensors and g1mba11-

ing the electro-optical sensors (EOS). It must be remembered that the v
gimballed EOS st111 requlres some 1eve1 of attitude stablllzatlon of the .
spacecraft. : : :
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Since the objective of this effort was not the investigation of the
many means of attitude control, further examination of tradeoffs between
single level and dual level thrusters and other mechanizations was not
conducted. It would be possible to use the techniques developed to further
examine attitude control if this were a specified objective.

Although the system must be sized to meet the requirements which
have been discussed, these requirements usually exist for relatively short
periods of time. The limit cycle operation, typical of all bang-bang control
systems, is the principal factor in determining the amount of fuel that must
be carried if the attitude control system operates for the duration of the
mission. The limit cycle operation, as shown in Figure 25, is maintained for
the entire time of attitude control system operation. Fuel consumption is
determined by the total angular momentum change on each of the three axes.
Each thruster, after delivering its impulse, must be recharged from the
primary fuel tank. This results in a maximum duty cycle given by

where t,.. is the recharge time. A thruster delivering its impulse with thrust
F, has a maximum average thrust

DF .

!
i

The limit cycle dead zone, O, must be set to the attitude tolerance band, 2§,
less the overshoot, or angle by which attitude exceeds the dead zone while
reversing at each side.

where

RFt2

s = 21 -

Each time the edge of the dead zone (+9D/2) is reached the thrusters

fire and the direction of rotation is reversed. The thrusters then fire with a
‘ perlod determined by the time it takes to move through the dead zone. The fre-
quency of firing for one axis is then ‘
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FIGURE 25. ATTITUDE CONTROL LIMIT CYCLE
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The total frequency of firings is the sum of the frequencies of firing for
all three axes

=h

(1]
g
Nl

The total number of firings is found by multlplylng the total fre-
quency by the operating time, T.

The total impulse for the limit cycling during the mission is then
found by multiplying the total number of firings by 2MM. Then,

M =2M ft T =

The weight of attitude control fuel, WF’ is

Mt
W =77
sp

where Isp is the specific impulse of the fuel. The attitude control system
weightfwac, is

where Kj and Ko are, respectlvely, a: constanL and coeff1c1ent that may be ob-
tained as discussed in Appendix E of Reference6

Attltude control system probability of failure is assumed. to be due

to thruster subsystem and electronics failure. With P, equal to the probability
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of nozzle failure per impulse, the thruster subsystem probability of failure
may be found by

pf = 100 had e-(ftTpn) .
Th

The attitude control system parameter estimation discussed above
requires the data shown in Table XIII in addition to the data already used in
other subsystem calculations. It should be noted that moments of inertia and
physical dimensions must be known in addition to the spacecraft parameters
considered in other subsystems. For this reason a reasonably detailed space-
craft physical design is needed. :

Power Supplies

Evaluation of specified systems requires consideration of all system
parameters used in the evaluation technique. Many specified systems are
packaged with the inertial sensing unit and/or computer power supplies being
separate rather than integral items. A subsystem was added to permit evalua-
tion of systems utilizing this packaging technique. The required input data
for the power supply subsystem include the weight, power, MITF, and Weibull
coefficient. An example which includes a specified power supply is shown with
the H-429 evaluation later in ‘this report.

Mission Operation Schedule

To properly analyze an astrionics system, a detailed schedule of the
astrionics system operation must be known. This schedule must specify the time
of each of the updates and midcourse corrections. 1In addition, details such
as the time each subsystem is turned on or off and the time attitude maneuvers
are to be made to orient the electro-optical sensors toward the desired
celestial bodies are part of the schedule. The time allowed for searching for
the celestial bodies must also be stipulated. The complete schedule represents
a large volume of data and many details may have a great effect on the penalty
evaluation. This will be discussed further in the results section of this

report. N

Maneuver Sequences

- In order to perform the necessary reorientations’during the‘updating
maneuvers, as well as other portions of the flight, Euler angles are obtained
for the reorientation from the initial and final direction cosine matrices.
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TABLE XIII, ATTITUDE CONTROL SYSTEM DATA

Data Description Units
Iy’ p’ Ir Spacecraft moments of inertia Lb-ft2
R, R, R Thruster arm radii Ft

y p

1., R 1r Distance from solar center of pressure Ft

y P to center of gravity

Ly’ p’ Lr Maximum meteorite impact radii Ft
A, s A Solar pressure area Ft2

y p- T

K1 Attitude system constant weight Lb
K, Attitude system weight coefficient Lb system/Lb fuel

sp Attitude control specific impulse Seconds
t, Thruster impulse time Seconds
tre Thurster recharge time Seconis
26 Attitude tolerance Radians
1R Midcourse engine lever arm Ff

Al Midcburse engine lever arm uncertainty Ft

Pn Probability of thruster failure -

per impulse
MITF Attitude control electronics mean time Hours
to failure

Mm Meteorite impact impulse Lb-sec
P Power required by electronics Watts

C Misalignment of midcourse engine Radians

|
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A very general technique was first developed to calculate the proper
sequence of maneuvers for each reorientation, given the transformation matrix
- C. This matrix was obtained as shown in Figure 26.

Orientation 1

Inertial

b S pace C

Orientation 2

FIGURE 26. DEFINITION OF C

Matrix A maps the local body coordinates of orientation 1 to inertial
coordinates. Likewise, matrix B does the same for orientation 2. To go from
orientation 1 to orientation 2, it is evident from the figure that

The significance of each element of matrix C as a trigonometric
function of the Eulerian angles is well known. The angles themselves were
determined by solving these trigonometric equations. Several solutions were
made, using different rotation sequences. It was found that, provided that

. , o . .
the first angle was not exactly 90 , the solution could be obtained -y
quickly and efficiently utilizing a sequence of rotation of pitch axis = yaw
axis = pitch axis.

A much shorter derivation was thus obtained, with the optimization
features left out, whi.h, given matrix C, provides the values of ghe three
Euler angles. It seems very unlikely that an angle of exactly 90 will ever
appear in the simulation of a real mission,

Sun and Star Searching

4
W In order to perform an attitude update on & spacecraft, it is often
& desired to acquire optically two celestial bodies by means of optical sensors,
3 - and then orient the craft according to a predetermined scheme, using the two

2 celestial bodies as references. Such optical acquisition systems may be

£ ‘either sun-star or star~star combinations.
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For the sun-star problem, a search is performed after the spacecraft
is nominally pointed at the star and sun. "Nominally" is here defined to mean
that if the inertial attitude errors are equal to zero, no search would be
necessary. Therefore, the purpose of the search is to calculate the maneuver- ’
ing required to move the sensor's field of view over the angular area of the ‘
attitude errors. The search is performed twice, once for each celestial body.
The search is performed by sweeping the sensor field of view across the area of :
angular uncertainty as shown in Figure 27. )
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FIGURE 27. SEARCH OF ANGULAR UNCERTAINTY

esmaoazad

I
H

sird

The length of the search in radians is

¢ e
e

i

e

L = SD1 SD2/F0V

oy

o
| 55

where SDy and SD, are the standard deviations of attitude errors about axes
normal to the sensor line of sight and FOV = the sensor angular field of view.

If the search is to be made in tg seconds, the angular rate is found by the
equation, ‘ o

O

w =L/t .
o =Lt .
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At the end of each pass the direction of rotation must be reversed and hence
requires an angular rate change of 2wg. The total angular.rate change is

where Np is the number of passes and is found by
N =SD /FOV .
p 2

Combining the above equations yields

2 .
_ 2 SD1 SD2

. tS (FOV)2

From the above expression it can be seen that the direction of the
search should be chosen such that SD, is less than 5D; to minimize Awg. This
will yield optimum fuel usage if the moments of inertia and thrust levels are
identical on the two axes. With the total change in angular rate known,
attitude control fuel consumption can be calculated as discussed earlier in
this report.

It shouid be noted that the problem has been simplified by assuming
the one sigma error area must be searched. In any one search it is possible
to have to search a larger area 62 percent of the time. However, since many
such searches are required in any one mission, the one sigma case represents
an expected value and is suitable for estimation purposes.

Star Identification

Searching for the star as described in the previous section is not in
itself sufficient for acquisition. There must also be available a method by

which the correct star can be distinguished from any others that may cross the
detector's field of view. :

In practice, there are at least three properties of a star which can
be used to identify it by automated methods. These are: (1) its spatial rela-
tionship with other stars on the celestial sphere; (2) its intensity; and
(3) its spectral radiance. Table XIV, taken from Reference 40, shows the
locatlon, in ecliptic coordlnates on the celestlal sPhere, of the six brlghtest
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TABLE XIV., CHARACTERISTICS OF THE SIX BRIGHTEST (S-4) STARS
(Reference 40)

e
———— — — —

Star Position Spectrum Intensity

Name Right Ascension Declination Class Color Magnitude
Hrs. Min. - Deg. Min. - Visual (1) S=4(2)
. Sirius 6 , 41 ~16 35 Al vV Bluish-white ~1.46 -1.46
" Canopus: 6 22 | -52 38 FO Ib Yellow-white -0.71 -0.56
y Rigel 5 10 -8 19 B8 Ia Bluish +0.15 -0.03
Vega 18 3 +38 41 AO V Bluish-white +0.02 +0.02
Agena 13 570 -59 53 Bl II | Bluish +0.61 +0.13
Achérnar 1 34 | -57 k45 B5 IV' Bluish +0.49 +0.17

(1) H. L., Johnson, Comm. of the Lunar and Planetary Lab. No. 63, University of Arizona.

(2) Aerobee and OAO Projects, NASA Goddard.



stars (excluding the sun), and Figure 28 shows Canopus' geometry with respect
to Rigel and Vega, the two stars most difficult to distinguish from Canopus.
Location of a star, such as Canopus, with respect to other stars on the
celestial sphere will generally require (1) several star trackers, (2) star
map correlation techniques, or (3) sequential sighting on a number of stars
using one star tracker. Methods (1) and (3) can involve a large amount of
equipment, and in the case of (3) is unnecessarily complex in operating
requirements. Method (2) greatly increases computer memory storage require-
ments if a star map is stored onboard the spacecraft, and is relatively
complicated if a star map output from a star sensor is telemetered back to
ground stations for comparison and correlation with maps on the ground,
Comparison of sensor output versus roll angle with ground based star maps has
the advantage of having been shown to be feasible, as this method was used by
the Jet Propulsion Laboratory in the flight of Mariner IV to Mars in 1964,

Spectral radiance of a star can be used to distinguish it from
other stars, but is not generally considered reliable as a sole method of
identification. The reason for this is that a number of stars on the celestial
sphere have similar color characteristics and unique separation of stars by
this method is virtually impossible. This similarity of spectral outputs is
not obvious from Table XIV, where mainly bluish stars are tabulated. However,
there are many other stars with a spectrum similar to that of Canopus.

NORTH ECLIPTIC POLE

ECLIPTIC
EQUATOR

fa

CANOPUS

SOUTH ECLIPTIC POLE

FIGURE 28. CELESTIAL GEOMETRY OF CANOPUS,.RIGEL, AND VEGA
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Probably the simplest method of identifying a navigation star is the
intensity method. The advantage of this method lies in the fact that very few
stars have an apparent high brightness. From Table XV it can be seen that
Sirius and Canopus have relatively large magnitudes, Sirius being the brightest
star in the sky with the exception of the sun, which has a magnitude of ~23,
The vast majority of stars have visual magnitudes smaller than fifth magnitude.
Hence, by designing a system, which can "see'" only the brighter stars, the
problems of identification and discrimination are greatly simplified. In
essence, the problem is reduced to that of distinguishing the brighter stars,
the most important of which are shown in Tables XIV and XV.

The intensity method of identification amounts to setting upper and
lower gate levels about the intensity level of a star such as Canopus. From
Table XIV, it can be seen that Rigel's and Vega's intensities are closest to
Canopus, being approximately 60 percent of Canopus intensity. Therefore, the
lower gate setting is probably the most critical. If we normalize Canopus
intensity to unity, then Rigel's and Vega's intensities would be 0.6. The
likely choice of lower gate setting would be approximately 0.8 of Canopus'
intensity to maximize the probability of accepting Canopus and at the same
time reject Vega and Rigel, Hence, the gate level variation must be maintained
within +20 percent, since a variation of +20 percent would reject Canopus, and
a variation of ~20 percent would accept Vega or Rigel.

This problem has not yet been incorporated into the evaluation
technique., Instead, at its present status, the evaluation technique assumes
that only the star of interest exists in the area to be searched, or, from
another point of view, that sufficient safeguards already exist to reject any
but the correct star. *

Equatorial Celestial Coordinate System

Celestial bodies to Be'sgghted are positioned on the celestial
sphere with respect to the equatorial plane. A standard reference direction
in the equatorial plane (from celestial mechanics) is defined by a line from
the origin of coordinates toward an imaginary point on the celestial sphere
known as the first point of Aries (symbolized by the sign of the ram, T, as in
Figure 29). The angle in the equatorial plane from this reference side
(measured eastward) to the great circle (sometimes called '"hour circle or
celestial meridian') passing through both celestial poles and the celestial
body being sighted is defined as right ascension (RA) or longitude. This angle

, . 19)
is generated in a counterclockwise manner from zero through 360 and is usually}

expressed in units of time on a 24 hour circle. Longitude is exPressed in
angular'units. The position of the celestial body (along the great circle)
above or below (i.e., toward the north celestial pole or south celestial pole)
the celestial equator is called the declination angle, Ap, or latitude. Flus
values indicate north declination. It should be noted that latitude and longi-

tude are used to emphasize that the angles are measured in degrees, arc mlnutes‘

and arc seconds, not hours, minutes, and seconds of tlme
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- TABLE XV .** STAR MAGNITUDES FROM SEVERAL REFERENCES

— i e — R R R R R R TR ., e e,
————— ——— e e e e e e e et e e bt e ——— ——

Approx. Cglor

Air Spectral Temp - K
Star Name Allen Almanac Yale Becvar Class (Visual)
V% ' v Ty My My
Sirius -1.44 -1.6 1.6 -1.37 Al-V 14000%
Canopus 20.72 . -0.9 0.9 -0.86 FO - I, II 9000%
Vega . 0.03 0.1 0.14 0.14 AO - V 15400
Capella’ | 0.09 0.2 0.21 0.21 GO 6300
frdl;ux ~1.15 1.2 1.21 1.21 Ko III 4400
Alnair 1.75 2.2 -- 2.16 B5 V 23000
Polaris+ ' 2.52 2.1 | Var. 2.12 F-8 III 6200%
Kochab . 2.04 2.2 2,24 2.24 K4 = IIT 4000%
 Mirach  2.07 .- 2,37 2.37 MO - TII 3400
Pheoda - 2.44 - 2.54 2.54 AO =V 15400

’(Phéeda)‘

* Interpolatedv'
+ Variable; spectroscopic binary
- %% Source: Reference 41.



NORTH CELESTIAL POLE

(DECLINATION
OR LATITUDE)

RA

(RIGHT ASCENSION
OR LONGITUDE)

CELESTIAL EQUATORIAL PLANE

FIGURE 29, EQUATORIAL CELESTIAL COORDINATES.

With inertial coordinates in an equatorial plane (X1 along the line from the
origin to the first point of Aries, Z1 normal to the equatorial plane, and Yy
completing the right-handed set), RA may be viewed as a rotation about Z1 an
the declination angle, Ap, as a rotation in the great circle plane containing

the §tar. The corresponding equations in rectangular coordinates and distance
are as follows: ' '

XI = (Ros cos,AD) cos RA
: YI_= (Rdsvcos AD) sin RA ,

112




where Ryg is the distance from the coordinate origin to the celestial body (the
"by" - vector then, is seen to be the sine and cosine functions [direction
cosine coefficients] which diminsh Rgg).

Probability of Detection

It is possible for a star to transit the detector and remain
undetected. It 1is necessary to determine the probability of detecting the star
as a function of the computed search rates and the physical and electrical
properties of the electro-optical sensor (EOS). The star must be on the
detector for a sufficient length of time to permit detection. The detection
time required is a function of the method used to scan the detector. If the
commanded rate is such that the probability of detection is less than a speci-
fied value, a warning is printed that the search rate determined by the
schedule and error analysis is excessive and the schedule should be adjusted
to allow a lower rate. Two methods of scanning, namely rectangular and
circular scanning, were examined. The rectangular method of scanning is
analogous to that used by many electrically scanned sensors such as the image
dissector and vidicon. Circular scanning is analogous to the method used in
mechanically scanned sensors such as the photomultiplier.

Rectangular Scanning of Detector. Consider a scan pattern as shown
in Figure 30 and a detector as shown in Figure 31, with width a, height b, and
scan width c:

o
!
v X
Area to be searched : -
a
FIGURE 30 . SEARCH PATTERN FIGURE 31, RECTANGULAR DETECTOR

k=4

The angle 8, measured with respect to the horizontal, of the star trace as it
passes across the detector is shown in Figure 3l. © has some distribution
centered about 0, as shown in Figure 32. =
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P(6)

FIGURE 32. DISTRIBUTION OF ©

A logical expression would be P(8) = k e"e , where k would be deter-
mined from :

With a distribution as above, it c¢an be assumed that the star will almost
always enter and leave through the vertical sides of the detector. 1In this way,
for every 6 # 0, the path becomes longer and the probability of detection in-
creases, since the star stays in view for a longer time. The worst case occurs
when 6 = 0, which permits elimination of the probability density function from
the computation.

For a scanner such as shown in Figure 31, with © = 0, and a scanning
frequency of f, scans per second,

fc
, s
Number of complete scans per second = b .

If the star's relative velocity is v, then it will stay in view for % seconds.
During this time, at least one complete scan of the detector's face must take
place. So, in order to acquire the star, it is necessary that

<l

b
2-—-—-—
+ Lrise fsc,; ’

where tyjce = ty = rise time. This yields a probability of detection of unity,

in the © = 0 case. For greater velccities '
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2 4 ¢ (t.v+a) fec
P =V r: X S
det b bv
f c
S

For 0 # 0, the values of Pjer Will be conmservative. Since the variation of 6
is expected to be small, however, the results should be consistently within the
accuracy limits of the rest of the calculations. If large values of 6 are

allowed, the above equation should be adjusted, since more than one scan may be
needed to insure detection.

Circular Scanning of Detector. Consider the circular detector with a
radar~type scan as shown in Figure 33.

FIGURE 33. CIRCULARLY SCANNED DETECTOR

The. scanning line revolves with an angular velocity w. The radius of
the sensor is r.

Again, the star path across the sensor is associated with a proba-
bility distribution. This distribution is dependent on the position of the
sensor in the search plane, and the past search history. Once defined, this
distribution will assigh a probability value to each path crossing the sensor,
dependent on the distance x from the center of the sensor to the path in
question.

The length of the star path is

Now,'if the relative velocity of the star with respect to the sensor is v, the
time the star is in view will be :
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There are two distinct cases to be examined, depending on the direc-
tion of the star's velocity with respect to the scanning direction. In Case 1,
as shown in Figure 33, the star is traveling in the same direction as the
scanning pattern and it must stay in view long enough for the sensor to scan an
angle of 2m - 20, for a detection probability of unity.

Since

N Jr=
-
@
It
n
e
=]

r sin ©

- 1 )
and the angle needed is 21 = 2 sin 15;. Since the scan proceeds at w rad/sec,

the time required is

2T - 2 sin-li%

w

to which must be added the rise time, tp, so that the total time the star must
be in view becomes

-1 r = X
2M = 2 sin r

t=tr+ m .

So, if ty = t, the probability of detection is unity

If the inequality does not hold, the probability is less than one, and, in fact,
in such a case,
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i, t W+ 27 = 2 sin
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In Case 2, as shown in Figure 33, the star should stay in view long enough for
the sensor to complete one complete revolution plus 26, in order for detection

- to be a certainty. Otherwise, the discussion is identical with Case 1, and we
have

e T
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and, for P <1,
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N
e
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det : ' - )
v trw + 27T + 2 sin~

it aatn |
PRy

This last formula can always be used, with the provision that if Pjet ~ 1, then
~Pdet = 1, and will encompass all of the previous discussion. This makes it a
worst case analysis, however, and unnecessarily harsh in Case 1, ' '

aband
Moo, 5

S
[ISROERE SN §

: ’:Now, consider the prbbability density*fuﬁction P(x) to be as shown in
Figure 34 . ‘ ‘ ‘ :
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P(x)

- FIGURE 34, PROBABILITY DENSITY FUNCTION

r
The integral, /ﬁ P(x) dx = 1. From this it is obvious that P(x) = d

for ~r < x <r, or "

o
~
b
~
[a R
=
H]
Q.
o
]
i
[o N
%
L

2rd = 1

-r -r -r

It
R |-

which yields d So, the general expression becomes

r i g
2 2
2 Vr~ - x W

. é% + dx
r2 - x2
r

Pdet

/=T v [trw-+ 2T + 2 sin-l(

where the minus sign in the denominator of the above equation applies to Case 1,
and the plus sign to Case~2. .

This is the defining equation for the circular radar~type scanner.
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Computer Programs

The effectiveness evaluation techniques discussed above have been
coded into a FORTRAN IV computer program for running on a Control Data 6400
computer. The data necessary for running the program is discussed in the
applications section of this report. The following types of output are
available from the program:

(1)

(2)

(3)

%)

.Level 1 Evaluation. A level 1 evaluation produces a l-page

report summarizing the astrionics subsystem parameters and
the effectiveness evaluation calculations. An example of a
level 1 evaluation is shown in Figure 6.,

Leval 2 Evaluation. Level 2 evaluation includes a detailed
printing of all mission operations and error analysis quan-
tities as a function of time from the beginning of the mission
to arrival at the target point. A level 2 evaluation generates
5 to 10 pages of computer printout and is shown in Appendix B.

Sensitivity Analysis. Sensitivity is defined to be the percent
change in effectiveness per pesrcent change in any data value.
Sensitivity reports may be generated for all mission, space-
craft, and astrionics data or selected subsets of data. These
reports aid in identifying the subsystem parameters and mission
values with the greatest impact on astrionics effectiveness.

Optimum System Selection. The optimum suite of astrionics is
found by successive substitution of candidate subsystems for
evaluation. The substitution algorithm is similar to a steepest
descent technique with the possibility of finding only local
minima. Multiple starting points are used to minimize the
probability that the system found is a local rather than a
global optimum.

The program requires 45,056 (130,000g) memory words and uses no magnetic tapes.
Execution times depend on mission schedule complexity. The following examples
are for a two midcourse schedule:

Level 1 evaluation

Level 2 evaluation

Sensitivities

7 Optimization

i

18 seconds (0.2 seconds if the error analysis-data has
not been changed since the last evaluation).’

18 seconds.

‘Plots and tables = 0.2 seconds per point (18 seconds per point if the

parameter being swept affects the error analysis).

= 15 seconds piﬁs;18jééconds,for each component error
 parameter evaluated e

18 seconds per evaluation. .A typica1 search requires
40 evaluations (720,seconds). : :

119




e D

120

Applications of Study
Techniques to a Jupiter Flyby Mission

R

The techniques developed in this study were applied to a Jupiter
flyby mission similar to the one discussed in Reference 6. The launch
vehicle trajectory and injected weight are identical to those discussed in
Reference 1 . Reference 1, however, assumed a perfect update in the _
parking orbit and was limited to a strapdown ISU. -

Data Required .

The data required for exercising the computer programs implementing
these techniques were compiled or derived in a cooperative effort with NASA/ERC,
personnel of the NASA Launch Vehicle Planning (NLVP) Project at Battelle, and
those Battelle staff members assigned to this study. Much of the hardware data,
particularly the reliability and error coefficient data, is assumed based on
manufacturers' data and is not to be used conclusively.

Exror Analysis Sensitivity. The Battelle Three-Degree-of~Freedom
Program, the Strapdown Error Analysis Program (SEAP), and the Platform Error
Analysis Program (PEAP) were used to generate the necessary inertial navigation
error sensitivity coeff1c1ents for injections into the parking orbit and escape
hyperbola.

Radar. Other data required for the Jupiter flyby mission are shown
in Figure 35. Ground based radar tracking net data (Reference 34) are shown at
the top of Figure 35a. Seven station locations were considered with the indi-
cated radars available at these sites. The radar accuracy data (Reference 34)
are shown immediately below the station descriptions.

Star. Data are shown for five stars. However, the studies conducted
used only Canopus. The star locations are specified in the celestial equa~
torial latitude and, longitude coordinate frame discussed previously in this
report. In addition to the star locations, visual magnitude and color tempera-
ture are needed to permit ratioing of the star tracker accuracy for the refer~
ence star to estimate the accuracy for alternate stars. This ratioing
technique is discussed more fully in a preceding section of this report.

3

Interplanetarv Trajectory. The interplanetary trajectory obtained

 from the Lewis n-body code, Reference: 42 is summarized at the bottom of

Figure 35a and the top of Figure 35b. T1e 1nterp1anetary trajectory is : ’
divided into three sections, each with a different dominant gravity center.
The summary shows the conditions as the trajectory moves from one dominant ‘
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TRACKING .NET DATA e e e e e e e e e
STA.NO. LAT, LONG. RADARS
1 Ascehsrowh =7.966  =14,400 - USBS=30  TPQ-18
2 PRETORIA =25.950 =28.670 MPS=25% . . - -
3 CARNARVOW =24.900 113,710 USBS-30  FPQ=6
4 ANTIGUA 17.150 =61.800 USBS=30 FPR=6  _ Ce
5 GULUSTONE 35,384 =116,850 DSIF
& MADRLY 404416 =3,667 USIF -
7 CANHERRA =35.,316 149,132 LSIF
RADNO.  MAX.RANGE RANGE ERROR ELEVe ERROR  AZIMe. ERROR  RANGE DOT ERROR
1 UsBS=30 3.500000E+409  6.700000E+01  1.780000E~03  1.760000E=03  1.240000E-01
2 TPQ-18 14920000E+08  6.700000E+01  4<500000E=04  4.500000E=04 =Q.
3 MPS-25 6.076000E+06  14340000E+02 | 2.240000E=03" 2.240000E=03 =0, )
@ FPQ=b 1.920000FE+08  4,500000E+01 . 3,350000E~04 3.350000E-04 =0, «
S DSIF 1.000000E+50 =0, ‘ ~0. =0 44100000E-02
, STAR DATA
| NAME LAT. LONG. VIS.MAGs COLR»TEMP. REL. ACC.
SIRIUS =160 40M 1S5S 100D S6M =0S = =1.60 14000 1.00000
- CaNUPUS =520 40M'40S YSD 4BM =0S - -.90 9000 1.38002
VEGA 38D 45M 10S 278D SBM =0S J10 15400 2.18636 ) )
CAPELLA 45D 58M  5S 78D 35M =0S .20 6300 2.28932
L ROLLUA 280 6M 185 1150 S0M =0S 1.20 4400 L 3.62696
SUMMARY OF LEWIS N-BODY TRAJECTORY (FT=SEC)
L TIME= 0. o : POSITION MAG,  VELOCITY MAG, ANG
INOe 1 0e =1.9989E407  7.2696E+06 - 3.3133E406 2.1527E+07 =2,0565E+04 =4,4TT4E+06 =2,1728E406 5.3849E+04  BY.33
'.cuoss_ot751023158405 POSITION MAG, VELOCITY MAG ANG .
NOo 40  7.5102E3064  =3,3122FE«08 «2,7173E:09 =1,31025+409 3.0348E409 =3,9854E+403 w3,5862E+04 =1,7288E+04 4.0010E+06 55
NOs 0 7,5102:+04  =4,6830E+11  1.2044E<11 5.2102E410 4.8634E+11 =3.2537E404 =1.2230E+05 =5.4803E404 1.379TL+05  92.01
NOe 0 7.u102E404  =4.6797E+11 1.2316Es11 5.3413E+10 4.8684E+11 -2,B547E+04 ~B.6502E+04 =3,7515E406 Q65136404  8Y.16
CTIMES 0.76000001£+05 o POSITION - MAG, VELOCITY MAG.  ANG.
CNUeT 11 7.6000E404  =4.6833E411  1.7033E+11  5.,2053E410 4.8633E+11 =3.2515E404 ~1.223(E+05 =5,4804E+04 1.3796E+05  92.01
CROSS 0.32775357E+08 POSITION MAG. VELOCITY MAG. ANG.
Nite 40 3.2775E¢07  01.0462E412 =1,9420E412 =8,6431E¢11 2,3699E+12 4,9104E+06 =3.3066E+04 =1.46580E+404 6.1060E406  27.50
CNUe " 0 327756407 =2,9401E410  1.4404E+11 5.73692+10 1.5THIE+]1  1.0B67E+04 =5,2093E404 =2.1805E404 S.7508E04 179,01
o NO& 0 3.2775E%07 1e(756L¢12 =2.0B6YE+12 =9.21685+11 2.,5222E+12 3.83265+04 1.9027E+046 T.2254E+403 4.3305:+04 . 92,69
e 32832000E408 _ POSITION MAG, VELOCITY MAG, ANG o

TiME= 0.

FIGURE 35a.

PROGRAM DATA




NU. 1 3.2832£407 2. 8786E010’ 1241055411 5.6134E+10 1e5455E+11 1.,0866E¢04 =5,20Y8E+04 =2.180TE+04 5.7514E+04 178.99
| SK GMENTS 0. 39 0.75102315E405 39  0.32775357E+08 8 0+10000000E+2]

[ i._ Vot 1Y N Ve

A

Vgt : L Tty G Lo 10 Lty T

b e b rein

MATCH wITH-N-BODY AT - 1543 SECONDSs" 0+33600000£+08 FT,
_J ’ o L ‘ ¥ isEnp . NegoDY T ERRORTT
VELOCITY MATCH B 49155 . . 493%9 . =206
ANGLE "'MATCH o 45,06 44,65 , _ o 40 SR

TARGET CONDITIONS ' . — 7 e et L AN -1 v V- ,
[IME  0.354602625+08 SECONDS
RADIUS 0.16798375E+10 FEET/ v oot dowimenm me o ne e o }
~ VELUCITY 0.925437H1E+05 FT/SEC. ' ' - ¢ T . . - "
ANGLE - 90400 DEGs = ' urir oL
o : RANGE ANG, ° CuMe. TOTAL . TIME  CUM. TOTAL
LAUNCH -~ 20,000 20.000 565.000 T 5654000
PAKK "' 50,250 D 89,250 . 1016.296 1581.296
BURN S4e198 143.448 ] 941.500 T 2b22.796
ESCAPE' ' , 48,940 T T 192,388 O T455%.271  T7082.067
' v PETEEN . [ T T T Vo Yool : '

LAUNCH . Lo e S T L B
LAT.= 28,500 LONG.= ~'=80.500 AZ.= 100.000

i b s Ve y

RN IR S S R | N R R IR TR A O N R R L cote ey Vo .
Ty vy i ' " RYARE AR TN il

e e e e R B T U

'FIGURE 35b._ PROGRAM DATA (Continued)
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gravity center to another. There are a total of 40 points loaded in each
section. It should be emphasized that the Lewis n-body code contains an
ephemeris and generates a true n-body trajectory, not a patched conic
trajectory. However, the coordinate system in which the integration is per-
formed is transferred from one dominant gravity center to another as the
spheres of influence are crossed. The coordinates are oriented with the X-Y
plane parallel to the Earth's equatorial plane with the X axis in the direction
of the first point of Aries, January 1, 1950, At each crossing, three rows of
data are printed. Each row shows the position vector, its magnitude, the
velocity vector, its magnitude, and the angle between the position and velocity
vectors. The first row shows the end of the previous section., The second row
shows the same information at the first point on the new section. -The third
row of information shows the position, velocity, and angle information relating
the second dominant gravity center to the first.

Since the launch vehicle trajectory and the Lewis n-body trajectory
are generated ‘independently, it is necessary to find a point on the two
trajectories where a suitable match occurs. The match is found by looking for
a point on the Lewis trajectory with the same radius from the center of the
Earth as the cutoff point on the launch vehicle trajectory. The magnitude of
the velocities and the angles between the position and velocity vectors for
the two trajectories are then compared. At the matched radii, (543 seconds
into the Lewis trajectory) the velocities differ by 204 feet per second and
the angles by 0.4 degrees.

The target point is specified by indicating a time on the Lewis n-body
trajectory. This time is shown in Figure 35b. Additional information is then
printed showing the position and velocity magnitudes at the target time and the:
angle between the vectors. The angle of 90.00 degrees indicates perijove.

The range angles, measured in degrees from the center of the Earth
are input for: (1) launch burn, (2) park, (3) escape burn, and (4) the escape
hyperbola. From these, the cumulative range angles, the time of each operation,
and the cumulative time are calculated. Finally, the launch site latitude and
longitude and launch azimuth must be specified. The launch latitude and longi~
tude shown at the bottom of Figure 35b represent Cape Kennedy. The launch
azimuth of 100 degrees was chosen to insure the parking orbit passing over
several ground based radar stations for parking orbit update.

Additional data describing the spacecraft, mission, and astrionic
subsystems are shown in Figure 36. These data are divided into sections as
shown,

Spacecraft/M1381on Data (Section 1). The first four items of
Section 1, Figure 36, are important parameters in the penalty evaluation. The
total welght is the total spacecraft plus astrionics welght and is used by
penalty modes 2 and 3. Penalty mode 1, not considered in this report, computes

- the total weight of the 5pacecraft plus astrionics. The non-astrionics weight

represents the spacecraft plus scientific payload and is used by penalty modes
1 and 2. In penalty mode 3, the non-astrionics weight is calculated by ‘
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DATA _ o . .. R

i,
X SPACECRAFT/MISSION DATA ~  (SECTION 1)
1 TOTAL WEILHT .~ (LB = . 2000.00000 . 2 NONASTRIONICS WEIGHT (LB)= 1500+00000
3 PROBABILITY OF ‘ASTRIONICS FAILz +15000 4 TARGET MISS DISTANCE (FT)= 7808780000000
5  VISKRATION(MLILLIRAD/SEC)##2/CPS= «30457 6 VIBRRATION UPPER FREQ. (CPS)= 100.00000
7 WIRING WELGHT LY=o . 11000000 8 ROLL MOM. OF INER, (SLUG=FT##2)= 110000000
9 YAW MUM, OF INERT.(SLUG=FT##2)= - | 62500000 10 PIT MOMe OF INERT.(SLUG=FT#%2)= 563.00000
11 HOLL. MOMENT. ARM . (F)= 7.00000 12 YAw MOMENT ARM {(F1)= T.00000
13 PITCH MOMENT ARM i (FT) = , 700000 14 ROLL MAXe ARM (FTy= _ 3.50000
15 YAW.  MAXe ARM T ° {FT) = 3.50000 16 PITCH MAXe ARM (FT)= 3.50000
MIDCOURSE ENGe/ENERGY SOURCE (SECTION 2)
1 SPECIFIC IMPULSE (SECs) = . 233,00000 -2 MIDCOURSE THRUST ()= , 50400000
3 MIDCOUKSE = SYSTEM COEF.(LB/LH)= 1409600 4 MIDCOURSE SYSTEM CON. (LB)= 2030060
& ENERGY SOURCE CONSTANT (L) = , 13.20000 A FENERGY SOURCE COEF. (Lp/v) = _ 34500 -
7 ENERGY SOURCE ‘COEF, (LB/W=HR)= 0.00000 8 MIDCOURSE ENGINE ARM (FT) = 3.50000
9  MIDCOURSE ENGes OFFSET UNCL(FT)= « 02000 10 MIDCOURSE ENG. ANGe UNC, (RAD)= « 00436
"Te Se UNIT DESIGN DATA (SECTION 3)
1 BLOCK DENSITY (LB/IN#a3) = o « 09700 2 BASE DENSITY (LB/IN®##3)= « 09700
3  COVER DENSITY - (LB/ZIN#23) = R « 09700 _ 4 INSULATION DENSITY (LB/IN®##3)= «09100
6 - 1SU CUMPONENT SEPARATION (IN)= ‘ «25000 6 BASE OFFSET (IN) = 1250000
7  COVER CLEARANCE {IN) = o . ... e25000° 8 BASE THICKNESS (INY= 450000
9  COVER THICKNWESS (IN) = «10000 10 INSULATION THICKNESS (IN)= « 05000
11  ELECTRONICS WEIGHT (L8)Y= . . . 10,00000 12 ELECTRONICS MTBF (HR) = . 10000.00000
13 ELFCTRONILS POUWER (WATTS)=. 30.00000 14 DESIGN NOe. (0=0PTIMUM) = 000000 ]
15 1=HURIZONTAL, 2=VERTICAL = , , 190000
THERMAL CUNTRUL DATA (SECTION 4)
1 OPERATING  TEMPERATURE(DEG=F)= 160.00000 2 MAXGAMBIENT TEMPERATURE(DEG=F)= 14000009 -
3 AVELAMBLIENT TEMPERATURE(DEG=-F)= 60.00000 4  MINJAMBIENT TEMPERATURE(DEG=F)= , 30.00000
§ THERMAL CUNDUCTANCE (W/DEG=F)= 000000 "6  MIN. THERMAL CONDUCTANCE RATIO= «50000
ATTITUDE CONTROL DATA (SECTION S)
; 1 ROLL SOLAR PRESS., AREA(FTau2)= 113.00000 2 YAW  SOLAR PRESSe. AREA(FT##2)= 32.0000¢
| 3 PITCH SOLAR PRESS. AREA(FTe#2)= 32.00000 4 ROLL CG=CP ARM . (FT) = 25000 -
5  YAW  CUH=CP ARM L (FT)= 1.00000 6 PITCH CG=CP ARM (FT)= le0000N
7 SIZING OPTIUN (1 SETS=THRUSTS)S 0.00000 8 A/C SPECIFIC IMPULSE (SEC.) = o 56400000 -
; 9 EMPTY DATA SPACE = 0.00000 10 IMPULSE TIME (SEC) = . « 02000
i 11 RECHARGE TIME (SEC) = « 04000 12 METEORITE IMPACT IMP. (LB-SEC)= ‘ «01400
13 AT CONT . RELIW, (FAILZY000IMP,)= . « 00010 14 A.C. ELECTRONICS MTHF (HR) = 2000000000
15 AeCe ELECTRUNICS POWER (WATTS)= 10400000 16 ATTe CONTe WEIGHT CONS, )= S 2100000
17 ATV. CONTe COEF. . (LBzLEY = 196300 18 ATTITUDE TOLERANCE (LEG) = 100009

o o o 'FIGURE 36. SPACECRAFT, MISSION, AND SUBSYSTEM ESTIMATION DATA
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subtracting the astrionics weigiit, the penalty itself, from the total weight.
The probability of astrionics failure is used by penalty modes 1 and 3.

Penalty mode 2 computes the probability of astrionics failure. The target

miss distance, used in obtaining the probability of missing the target, is the
maximum distance by which the spacecraft may miss the target and stilil be con-
sidered a successful mission. The remaining items of data in section 1 describe
the vibration environment during booster burn, the weight of the wiring con-~
necting the various astrionics subsystems, and the spacecraft moments of
inertia, maximum moment arms for meteorite impact, and attitude control thruster
arms.

Midcourse Engine/Energy Source (Section 2). The midcourse propulsion
system data required for exercising the computer programs, the fixed weight,
specific impulse, thrust, and tankage constant were extracted from Reference 6.
This system is a constant gas-pressure-regulated monopropellant hydrazine unit
using a Shell 405-type catalyst. It was selected because this type of system
is applicable to accelerometer and burn timer shutoff mechanisms.

Bipropellant midcourse propulsion systems are competitive with mono-
propellant systems when the total impulse requirement is 50,000 lb-sec or
greater (Reference 7 ). Assuming the maximum delta velocity required is
20 ft/sec for example, the total impulse requirement for the 2000 lb spacecraft
is approximately

_ 2000

It =355 % 20 = 1242 1b-sec .

Since in none of the exercise runs was the AV required as great as 20 ft/sec,
a monopropellant system should be used for the midcourse propulsion system for
the payload and mission considered.

The choice between the pressure regulated and blowdown monopropellant
systems (References 6 and 7 ) was not considered to be of major importance for
the purpose of exercising the computer programs. Therefore, the midcourse
propulsion system data used in the exercising were based upon the pressure regu-
lated system. These data are shown in Section 2 ¢of Figure 36.

The guidance system power source was assumed to be a radioisotope
thermoelectric generator (RTIG) for the purpose of exercising the computer
programs. Mission durations restrict power source consideration to solar,
nuclear reactors, or an RTIG. Due to the extreme distance from the sun, solar
power sources were ruled out due to size and weight considerations. Solar
thermal energy intensity at Jupiter's orbit is approximately 4 percent of that
at a near Earth orbit according to Reference 6 . This low level prohibits use
_of any currently envisioned solar energy collection system. Nuclear reactors
have a minimum critical size and weight required to maintain a controlled
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nuclear reaction (Reference 6 ). The minimum weight is currently approxi-
mately 250 pounds, and therefore the only practical choice of power at this
time is the RIG.

The major components of an RTG are: (1) an isotope heat source,
(2) thermoelectric converters, and (3) a heat rejection system (Reference 7).
A power conditioning and distribution system is also required. These components
weights can be estimated by assuming the weight to be made up of a fixed weight
plus a specific power factor expressed in lb/watt required. Section 2 of
Figure 36 lists the values assumed for the RTG data used in the exercising.
These values are quite optimistic but suffice for exercising of the program.

It was assumed throughout the power source weight estimation that the
power source required at the target planet for the experiments could be used in
the earlier phases of the mission for the guidance system. Should one assume
guidance only through the first midcourse, a lower power source weight might
result if a different source was selected. Since the power needed for experi-
ments on a Jupiter flyby mission will require use of an RTG (References 6 and
7), it was decided to make use of the same power source to keep the total
scientific experiment payload as large as possible.

1.S.Unit Design Data (Section 3). Section 3 of Figure 36 contains the
data necessary to design a strapdown ISU as discussed in Reference 1.

Thermal Control Data (Section 4). This section contains the data
necessary to design the variable thermal impedance’ environmental control
subsystem.

Attitude Control Data (Section 5). This section contains the data
necessary to perform the attitude control subsystem design as discussed earlier
in this report.

Candidate Components. Candidate components and subsystems data for
system evaluation and optimization are shown in Figures 37a, 37b, 37c, and
37d. ,

Four accelerometers, shown at the top of Figure 37a, and seven gyro-
scopes, shown at the bottom of Figure 37b and at the top of Figure 37c¢c, were
used in this study. However, it should be noted that gyroscopes 6 and 7
differ from gyroscope 1 only by the value used for their fixed drift, R.

The four on-board computers considered are shown at the bottom of
Figure 37b and the top of Figure 37c. The first computer is a conceptual
computer using a second order Runge-Kutta updating algorithm for the direction
cosine matrix. The other computers are currently available. ~
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A specified ISU may be either gimballed or strapdown. Two such sub-
systems were loaded as shown in the center of Figure 37c. 1ISU 1, the H-429,
is strapdown. ISU 2, the Centaur IMG, is gimballed. 1If no ISU is specified,
the program designs a strapdown ISU as discussed in Reference 1. Star tracker
and sun sensor data are shown at the bottom of Figure 37c and the top of
Figure 37d. A strapdown and a gimballed star tracker were considered. The
predominant differences between the strapdown and gimballed star tracker are
the weight, power, and fields of view. It should be noted that star tracker
and sun sensor data include direction cosines describing the line-of-sight
(center of the field of view) in the spacecraft body coordinates. In addition,
the star tracker data indicate the index of the reference star. The reference
star is the star for which the accuracy is given. Accuracies on other stars
are computed by the ratioing technique., It should be noted that sun sensors 2
and 3 are identical to sun sensor 1 with perturbed accuracy for sensitivity
studies.

It was found that some specified ISU's required an additional hard-
ware package for power processing for the ISU and computer. For this reason,
the ISU/CPS section was created. The data shown at the center ¢f Figure 37d
describes the ISU/CPS for the H-429 system. :

Only one communications receiver was used in this study. Its data
are shown in the center of Figure 37d.

The horizon sensor shown at the bottom of Figure 37d was used in
this study.

Mission Schedules. Two mission schedules are discussed in this
report. The first schedule, Schedule 1, is shown in Figure 38. Each line in
the schedule contains the following information: a system index with the
value 0, 1, or 2. All systems will execute all instructions in the schedule
with the index 0. Instructions with the index 1 are executed only by those
systems not containing electro-optical sensors., Instructions with index 2
are executed by those systems which contain electro-optical sensors. Thus,

a system with no electro-optical sensors would skip over all operations with

an index 2. The next entry shows the time of the operation in days, hours,
minutes, and seconds from launch. If this information is blank, the time is
assumed to be very nearly equal to the time indicated above. The next entry
shows the same time in total seconds from launch. Schedule data are entered by
giving the time in total seconds. Three operation codes are then shown,
followed by a comment describing the operation specified by the codes. Some
operations require an additional floating point variable. For example, raising
or lowering the dead band requires a floating point number to describe the

new dead band value in degrees. Schedule 2 is shown in Figure 39.
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SCHEDULE NO. 1
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Typical Results

Level 1 and level 2 evaluations of several systems on schedules 1
and 2 were obtained. Level 1 evaluation produces a one-page report describing
the penalty evaluation. Level 2 evaluation produces a multi-page report show-
ing details of the error analysis as well as the penalty evaluation. Only

level 1 evaluations are shown in this section. Level 2 evaluations are shown
in Appendix B..

Level 1 Results for Reference System. The effectiveness evaluation
of an astrionics system known as the reference system is shown in Figure 40.
The reference system consists of three D4E accelerometers and three GG334A
gyroscopes mounted on a strapdown inertial sensing unit. The ISU was designed
by the program by evaluating several possible parts layouts and selecting a
standard design known as Horizontal Design Number 4. The excitation energy
and power, total probability of failure, and total weight of the ISU are shown
on the right hand side of Figure 40, The evaluation assumes the inertial
sensing unit is mounted on a variable thermal impedance, whose impedance may
change by a ratio of 2:1. Heating power is then calculated and added to the

ISU excitation energy and excitation power to give the LoLal energy and total
power for the ISU including the heaters.

The reference system includes a hypothetical computer known as the
SRT computer utilizing a second order Runge-Kutta algorithm in the updating of
‘the direction cosine matrix. A strapdown tracker, sun sensor, and a communi-
~cations receiver complete the reference system. The system parameters of

energy, power, probability of failure, and weight are shown again at the right
side of Figure 40.

Calculation of the attitude control subsystem parameters is then per-
formed using results of the schedule evaluation and the sensors fields of view.
At the left hand side of Figure 40, the various thrust sizing requirements are
shown for the roll, yaw, and pitch axes. The worst case on each axis is then
taken as the design requirement yielding a thrust of 0.0099 pounds for the roll
axis thrusters and 0.3778 pounds for the yaw and pitch axis thrusters. The
large thiust requirements on the yaw and pitch axes are due to the need to
steer the vehicle during the midcourse correction burn. Fuel consumption is
calculated using the indicated design thrusts. The total impulse (pound-
seconds) required for each axis is calculated as shown. It should be noted
that searching is the dominate fuel consumption in roll and yaw, while deadband
consumption dominates the pitch axis. From the total fuel consumption, the
- following are calculated: the number of thruster firings, the total impulse
requirements, and the attitude control subsystem fuel weight. From these

results, the total electrical energy and power, total probablllty of fallure,
and total weight are calculated.

The energy source weight is calculated as a function of the total
power and total energy requirements. For the evaluations discussed in this
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PENALTY (MODE 3
ERROD ANALYSTS (SCHEDULE NO. 1) '
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TIMES 2511 104849 10849 04000 9601.033 . 04000 0.000 :
ENFRGYS 26570 186,793 7 H4,246 0.000  33603.017 0,000 0.000 TOTAL ENERGY= 33971,231
POWEHS 90.000 8.000 5.000 ; 0.000 34500 0e000 0.000 TOTAL POWER = 106.500
PLFAILE 00042 00012 «00011 0400000 « 09155 0,00000 0.00000 TOIAL PJFAIL= «09213
L WEIGHT= 3600V - 14000 24000 0-000 34100 04000 0,000 TOTAL WEIGHT=. .-. 4B,100
ATTITUDE CONTROL SYSTEM ANALYSIS C ‘ ON TIME -(HR)= 10.849 -
THRUST STZING (Li) ' ) FUEL CUNSUMPTION (LB=SEC) '
; ROLL.e ©  YAW PITCH S ROLL YAu PITCH - e
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MET,TMPACT= 40000 <0000 <0001 : SEARCHING=  4,0585 243060 « 0031
MANFUVERS = «009Y 40099 « 0099 DEAD BAND= «0001 04445 «2560
“MIDCOUKSE = 0000V = J3778 «3778 - - MANEUVERSS «2793 v1547 1917 TOTAL ENERGY=  108.492
MAX .. THRUST= «009Y 1 L3778 o3778 TOTAL IMP= 443379 2.9052 04508 TOTAL POUWER = 104000
: L 1 o T ‘ ~ TOTAL PeFAIL= +00273
NOo OF FILRINGSS 22440 TOTAL IMPULSE= T«6940 FUEL WEIGHT= 137393 TOTAL WEIGHT= 21.215
CENERGY . SUURCE -DATA i ) .
TOTAL POWER=  257.875 TUTAL ENERGY= 34256+434 n -TOTAL WEIGHT=  102.167
wWininGg - e S e : - TOTAL WEIGHT= 110,000
“MINCHURSE: ENGINE : SRR : - :
' EXPECTED DEL)A=V= 14.985 DOF=1,000 CAPABILIIY= 28e147 TOTAL WEIGHT= 2B+515
~ PENALTY SUMMATION : - PHOBABILITIES WEIGHT
PR ‘ INSUF «MIUCOURSE FUEL= " ,060%3 ~ =~ - ASTRIONICS= 343,460
EACESSIVE TGTe MISS = 0,00000 SPACECRAFT= 1656.540
e UNKELTABLILITY = L.09523 .« ¢ T TOTAL= 2000.000 -
' : v+ ASIRIONICS TOTAL = +15000 o ‘
' ' = PENALTY(MOLE 3)= 343.45989
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o SRS , , . = 02/18/69 143806  PAGE 1

FIGURE 40, MODE 3 EVALUATION OF REFERENCE SYSTEM FOR MISSION SCHEDULE 1-
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report, an RIG was assumed. The weight of this type of energy source is a
function only of the total power requirement and the enmergy calculations are
not used. The weight of the energy source was estimated to be 102,167 pounds.
An additional 110 pounds is included to account for electrical distribution
wiring. ‘

The midcourse correction subsystem is next designed under the assump-
tion that enough fuel is carried to insure a probability of having sufficient
fuel such that the overall astrionics acceptable probability of failure is not
exceeded. The probability calculations are shown in the lower left hand corner
of Figure 40. The acceptable probability of astrionics failure is 0.15, the
probability of failure due to lack of sufficient reliability is (.09, and the
probability of excessive target miss is essentially zero. This combination
requires the probability of having insufficient midcourse fuel to be 0.06.

From the expected midcourse AV of 14,985 feet/second with 1 degree-of-freedom,

the midcourse AV capability requirement, 28.147 feet/second, is then calculated.

This results in a midcourse propulsion system weight, including nozzles,
tankage, and fuel, of 28.5 pounds.

The weighis 6f all of the astrionics subsystems discussed above are
then totalled to obtaim thin effectiveness index or penalty of 343.46 pounds.,
The total spacecraft was assumed to weigh 2,000 pounds. Thus, 1656.54 pounds
remain for structure and scientific payload. ‘

Figure 41 is an evaluation of the reference system when operated on
mission schedule 2. This schedule differed from schedule 1 primarily by the
addition of a third midcourse correction. This is reflected in the penalty
which is 343,70 1b, an increase of 0.24 1lb over the penalty obtained by oper-
ating the reference system on schedule l. The evaluations in Figure 40 and 41
do not reflect the difference in target miss, Ry, which is shown in the
level 2 analyses contained in Appendix B. Since the reference system, when
operated on schedule 1 or 2, meets the acceptable target miss, Xyjgg, the third
midcourse in schedule 2 indicates that the total scientific payload decreases
if schedule 2 is used. As shown in a later table, the decreased Ry resulting
from using schedule 2 rather than 1, is paid for by a decrease in scientific
payload. For this reason, mission planners and spacecraft designers should
specify, as accurately as possible, the acceptable target miss, Xyrss-

Sensitivity Analysis of Reference System on Schedule 1. Sensitivity
analyses for the reference system on schedule 1 are shown in Figures 42 and 43.
Figure 42 shows the uens1t1v1ty analysis using a 10 percent change. Each
sensitivity is found by changing the data item in questicn by 10 percent and
computing the percent change in penalty per percent change in the data. The
sensitivities of Figure 43 were obtained using a 1 percent change. Comparison
of the sensitivities using the two step sizes gives an ;ndlcatlon of the
‘linearity of the penalty as a function of the data item. For most data ltems,
very little change in the sensitivity is noted with the change in the step
size. However, it should be noted that the sensitivity to the pitch gyro
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SENSITIVITY ANALYSlS

"SENSITIVIIY“ PER CENT CHANGE IN P&NALTY PLR PERCENT CHANGE IN DATA ( BASED ON A 10 PERCENT STEP)

SPACECRAFT/MISSInN DATA (SECTION 1)
1OTOTAL WETGHT .o Ly = 200040000 - .02391803 2 NONASTRIONICS WEIGHT (LBy= 1500,0000 0.00000090
3 PROMAHILITY OF ASTRTUNICS TAIL= <1500 -.01380197 4 TARGET MISS UISTANCE (FT)= 18087/800,0000 000000000
5 VIBRATTOM(MILLIRAN/SEC) #2#27CPS= «3046 0.00000000 6 VIBRATION UPPER FREQ. (CPS)= 1000000 0+00000000
7 WIRING wFTGHT oo eh)= 110.,0000 «3202762Y 8 KOLL MOMe OF INER.(SLUG=FT#¥2)= 1100,0000 200046843
Y YAW MOMs OF TERT«(SLUG=FTH#%#2)= 6250000 «00011904 10 P11 MOMe UF INERT(SLUG=FT#%2)= " '563.0000 ~e 00006665
11 ROLL MUMENT Akm At = 7T«0000 -00032047 12 Yaw MOMENT ARM (FT)= 740000 ~e00021463
13 PLTCH MOMENT AKM r1y= - 7+0000 =.00003330 14 RHGLL MAXs ARM (FT)= © 342000 04060000000
15 YAw  MAX, ARM (rl)- 3.2000 0.00000000 16 PITCH MAKe ARM (FT)= 3.5000 0,00000000

o | MIDCOURSE ENGe/ENERGY SOURCE  (SECTION 2)

S 1 SPECIFIC TMPULSE o (sLCoy= 23340000 =.02170657 2 M{DCUURSE  THRUST (LB) = 50,0000 «0001175%
3 MINDCOUKSE  SYSIEM CotF.(Lp/Lb)= 10960 02391803 4 MIDCUURSL  SYSTEM CONe (LB = 20.3000 ¢ 059106443
S ENERGY SOURCE CONSTANT ey = 13.2000 » 03343244 6 ENERGY . SUURCE COEF, {LB/w)y = + 3450 «2590313%
7 ENERGY SOIIRCE CUEF.  (LH/w-HR)= 0.0000 000000000 6 MIDCOURSE ENGINE ARM (FTr= 3.,5000 200004961
9 MINCOURSE ENGe OFFSET UNCetrT)= 0200 = «00006521 10 MIDCUOURSE ENGe ANGe UNCe (RAD)= o004 T 400004941

L Ie Se UNIT DESIGN DATA (SECTION 3) ) S

1 BLOCK DENSTTY (LB/TN®#3) = 40970 .02533962 2 Hast DENSITY (LB/INw®3)= «0970 * 01324374

3 COVER DENSTTY (LR/ZIN"*3) = <0970 © 400834686 - 4 INSULATIUN DENSITY (LB/IN##3)= « 0910 «00391528

S8 18U COMPONFENT SEPARATION S (IN)= 2500 « 02485097 6 BaSk OFFSET (IN) = ‘ 1,5000 01335650
7 COVER CLFARANCE tiry= 2500 « 00040245 8 BASE THICKNESS (INy= ¢5000 201324374
qjcovhg THICKRNESS tin) = «1000 « 00834626 10 INSULATIUN THICKNESS (IN)= «0500 "« 00391528

11 ELECTROMTES wilGHT fiLhy= 100000 « 02911548 12 ELECTRONICS MTBF (HR) = 100000000 =+00001960
13 ELECTRONICS POUWER (MAlLTS) = 30.0000 £09793720 14 UESIGN NU. (0=0PTIMUM) = 0.0000 0,00000000
15 1=HORIZUNTALs ZIVERTICAL = 1«0000 " 0.000000090
THERMAL CONTROL DATA (SECTION 4)
1 OPERATING — TEMPERATURE(DEL=F)=. 1600000 =-¢53405071 2 MAX«AMBIENT TEMPERATURE (DEG=F)= 140.0000 . 3431354193
© 3 AVEJAMBIENT TEMPERATURE(DEL=F)= - 6040000 0400000000 4 MINeAMBIENT TEMPERATURE (DEG=F)= . 30,0000 »e03277129
5 THEkuL r)NDULlAVLt (W/DEL=F)= . 040000 0.00000000 6 MINe THEHRMAL CONDUCTANCE RATIO= +5000 014200894
v ATTITUDEL CONTROL DATA (SECTION 5)
1 ROLL  SOLAR PRESS. AKEA(FT##2) = 1130000 0.00000000 2 YAW  SOLAR PRESS. AREA(FT#%2)= - 32.0000 0.00000000
3 PITCH SOLAR PHESS. AREA (FT¥#2) = : 32.0000 0.00000000 & ROLL CG=CP ARM (FTy= «2500 0,00000000
S YA CG=CP ARM o (rn= o 140000 —  (e00000000 6 PITCH CG-CP ARM (Fy= 1.0000 040000000V
LT SIZING opTIOoN: (] SETS-IHRUwI = 060000 | 0.00000000 8 A/CTSPECLFIC IMPULSE (SECe) = 56,0000 ~e 00056840
9 EMPTY DATA SPACE = 00000  0.00000U00 10 IMPULSE T1ME (stCy= 20200 «00001955
1l RECHARGE' ' TIME . v v (SEC)= - « 0400 -.00008l06 12 M&TtORlut IMPACT IMPe (LB=SEC)= « 0140 0.03000000
13 ATSCONTGRFLIRS (FAIL/Z1000IMP.)= T e0001 200019309 14 A.Ce ELECTRONICS MTBF (HR) = 20000,0000 =«00004236
15 4.Ce ELECTRONILS POWER (WATIS)= 10.0000 « 01004484 16 ATTe CUNT. WEIOGHT CONSe. (LBYy= 21.0000 +06114251

17 ATT+ CUNT. COLF . (Lu/ly= 165630 < 00062524 18 ATTITUDE TOLERANCE. (DEG) =~ 1.0000 0.60000000
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FIGURE 42a. REFERENCE SYSTEM SENSITIVITY ANALYSIS FOR MODE 3 USING A 10 PERCENT STEP.
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fixed drift (R) is 0.0l4 with a 10 percent step, and -0.016 with a 1 percent
step. The latter answer is especially interesting since it indicates increasing
the gyro fixed drift from the nominal by 1 percent gives a decrease in the
penalty. Similarly, the sensitivity to sun~sensor and star tracker errors are
negative. This also indicates a decrease in the penalty with an increase in
star tracker or sun-sensor error. To investigate these results,detailed studies
were made by obtaining tables and plots of penalty versus sensor error. Plots
of penalty versus sensor error are shown in the following section.

Plotting of Penalty Versus Compoment Accuracy. Plots and tables of
the penalty versus gyro fixed drift, accelerometer bias, star tracker pointing
error, and sun sensor pointing error were obtained using the plotting routine
PARSWP. These results have been redrawn on expanded scales and are shown in
Figures 44 to 47,

Figure 44 shows the penalty versus gyro fixed drift with the assump-
tion that all three gyro drifts are equal. The penalty is saturated due to
target miss for drift greater than 1°/hour. It should be noted that drifts
less than 0.02°/hour yield very little improvement in tke penalty. Thus, only
5 pounds could be gained by improving the reference system gyro drift.

Figure 45 shows the penalty versus accelerometer bias assuming all
three biases are equal. The penalty is saturated due to target miss for bias
above 670 kg and little improvement for bias less than 67 wg. Thus, the bias
of the accelerometers used in the reference system are an order of magnitude
better than needed.

Figure 46 shows the penalty versus star tracker accuracy on a very
expanded scale. The very slight dependence of the penalty on star tracker
accuracy is due to the use of the Kalman filtered update with the sun sensor
prior to star updates. The correlations between components of the attitude
errors allow the filter to make a very good estimate of attitude with only
the sun sensor. If the celestial body acquisition sequence was changed from
sun~star to star-sun the dependence on star tracker accuracy would be greater.
The slight decrease in the penalty with increased star tracker error is due to
the decrease in midcourse correction AV with less accurate state estimation as
discussed in a following section.

As discussed above, Figure 47 shows increase in penalty for sun
sensor errors above 2°. The negative slope is also.seen in the region of 0.01°
to 0.190, ’ ‘ SN

*

Search for Optimum System on Schedule 1. A‘séarch for an optimum
system operating on mission schedule 1 was conducted. The list of candidate
components 1nc1uded four gyroscopes, four accelerometeru, and three computers.
A strapdown star tracker and sun sensor were specified. Earlier studies showed
the strapdown star tracker yielded lower penalty than a gimballed or no star
tracker. - Only one communlcatlon receiver was in the llSt, sO no Optlmlzatlon

143



cdd ¢SO

SO¥AD TIV ¥0d @ ‘14190 QEXIJ 0¥AD SNS¥dIA ‘°YM ‘ALTVNEd J0 IOTd "%y HYNI9IA

/1 a4/ 170 | 1y/ 10°0 14/ _.100°0 .. .74/ _1000°0

T T TG ‘omm
1 T T o
Lum : 1
i !
T
T ,
3 b % .
_ 11 O0%¢
] T T .
1] 1
IR i
| il
RE T
= + ,
i1 T
T 7 ! .
™ T 11 0S¢
| » i
i I S0 A
T ) I _,; T
! i R IR IREDE
| i Hiies
oy i
[t A LARRAN AG
s i At 09¢€
[ NN ..”. I )
! an R R
1 .m—._ 4T .—m.
o 11 [ SiE
i .
ik
NES
s “ ONM
|} 1
i T
i
: L e
am.-
i 1T

a 08¢

. 1 06¢€




<« SO

SYALTWOYATAOOV TIV 904 “~¥ ‘SVIE WILIAWOWATAIOV SOSYIA M ‘ALIVNHEd 40 I01d ° ¢ AUNOHIL

31 001 31 o1 Oy

Eve

T i T it
1 . I i
] i
1 jra H . r*,lj [
: T T RSN
! i T B m )T
7T - T ; L ¢ ! :
w4~ 1 B X i 13 T3t )
1T ! ! " : "
[ B il s fy 3 11 m*Nm
IS 1 H ; i
T H 143
R H 1
I “ | ¥
b + 1 : ¥
N - T11 |
i T T
T |
T T
mlml._ 3 i
IR i 1 !
RN 3
i :
kb .
mu. 1 = “ m
T T ;
o T
M ki _ W
: 3 1 t 4
j 1
) i
ik ;
[ ] .
Re 1 BN omm
m“.. 1§ ¥ i
T
et i
i i
1y Ha | H
_ il §108
H .u T T T
T 1 i
1 b
M +
¢ i I
R T
nﬁ..:
I REl i
v BRI EEN
v T
i [ SN
= T 1T
: 1 P
] iy 1
Lised pae:
Mx* |
1 1§
. it
wlite ‘ . Pifrl
1 i N GSE
i : 1 +
1 ; 1
s t N i
1
i :
T g .
(sar)™"m

145



- I

MOMMMUZHHZHomMOmzmmZDmmbmmg .mUB ‘ATIVNIA 40 I0Td . ° 9% TINOIJ

H 0°€EYE :
R i
o L
I [ - piht
;I R R
11 T T .
R : SEaw - O m £ve
-4 : H A
K - L.v..,.l;n
{3 i 1
T H 1
RE RN T I- m et
___. 7 M
it a1 1T 8 B i (e e =t .
T : 1k mhskun .
[ : 28 1 0°7%¢
P ! h ‘
T 1 | sginuns t
pa) j T 8 ke !
T ] T
MM ”mﬂw ¥ 1
A C iR aNan
i T o
: N(Heg pir G 9he
i o
it mT
\ { 1
T
. T .
e
L :
: t .
w .w,M..IL i ; 0°Shve
it ”
ISR EE R 1
Pyt Tt h
HTH T e iy | .
AR m AL S SHe
! i _ I _
. ] .. 14 K
1 T DT
: {4“ T i
piss FH]:
iy ] 1 [
LT ) : H
KB Hi ¥ H .
T T ] 0°9%¢
I 1
I T
i :
IR N ¥
] . i
4.. N + ’ 6
} . N g
i) — 1




MOMMMWZHHZHOQMMMU<MHM<HmmDmmw> amUB ‘ALIVNIZd 40 I01d * LY MMDOHhN

,1000°0 ‘
_ 0E°€%¢E

!
i
i T
T r
Lofiit
st
W 1
m.m
. Ve EYE
T s ;
_ ik}
i 1
' . H
i it
- : Hilssasaskuung
- i ] 8E " EVE
T HH -
7] 1 i
™ : Iy
m i . w
1 v.m ...v..“- mrm
T T ST
R w1 il il
1 L3 »
T y A AN
.X..Ml. . vy
i i
o i m
i W
RS
re-
ol .
i 9% Eve
i o
i KIN
! i
Pt ' Ty
“:‘:Hﬁ,; :
R BN) !
LoH ,
brg i .
|t 4 vl . ”” ; Om m*m
L«T T v H .
TTTrIIT 7
R AR
T
IR ] .
il 1 g
J“ _ i
T E o=l potgwg
I : :
il
M 86 EYE

(sa1)5n

147



of this subsystem was performed. The evaluation considered thepossibility

of not using electro-optical sensors. The search for the optimum system is
shown in Figure 48 and its effectiveness evaluation is shown in Figure 49.

The optimum system consists of GGl77 accelerometers, 18 IRIG~B gyroscopes,

a SIGN III computer, and the strapdown star tracker and sun sensor used in the
reference system. It is noteworthy that the optimum inertial sensors and
computer found in the previous study (Reference 1 ) are identical to these.
The penalty for the optimum system is 331.45 pounds compared to 343.46 pounds
for the reference system.

Results for an Aided System with a -

Specified Strapdown ISU and Computer. Figure 50 presents the
results of the evaluation of an aided system whose subsystems are the H-429
strapdown ISU, the SIGN IIT computer, the power supply for these two subsystems,
and the electro-optical sensors and communications receiver considered in the
evaluation of the reference system. The approximate increase of 26 pounds over
the penalty of the reference system is primarily due to the increased welght of
the electrical energy source.

Results for an Aided System with a

Specified Gimballed ISU and Computer. The results of the evaluation
of an aided system whose subsystems are the Centaur IMG platform, a conceptual
Teledyne computer, and the electro-optical sensors and communications receiver
considered in the evaluation of the reference system, are shown in Figure 51.
The principal difference in the penalty, when compared to the reference system
penalty, is the increased physical weight of the platform over that of the
reference ISU. The required electrical energy is very nearly equal to that of
the specified H-429 ISU and other subsystems shown in Figure 50.

Summary of Evaluations

Various systems were evaluated on both schedules 1 and 2. These
evaluations are summarized in this section.

Horizon Sensors. During the early phases of the work covered by this
report, the use of horizon sensors during the parking orbit of the reference
mission was iuvestigated. The results of this investigation are summarized in
~Table XVI. It should be noted that no. welght has been added to the penalty for
the Welght of the horizon sensors and their contribution to the energy source
weight. It can be seen that the state-of-the-art (0.2°) horizon sensors would
‘have to have less than 0.583 pounds combined weight (physical-and energy
source) to be effective. Perfect horizon sensors would be effective only if
their combined weight was less than 6.77 pounds. .These results are for Kalman
filtering of the aid information when updating the inertial system. Simple
updating would result in less improvement in penalty. It should also be noted:
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‘ BETTER SYSTEM ‘ :
13 2 2 2 4 1 1 1 0 1 1 0 1 0 0 340431197 339415530
ie 2 2 .2 3 2 1 1 0 1 1 0 ) S 0 345,82060 333415830
15 2 2 2 3 -3 1 1 0 1 1 0 1 0 0 334415162 - 339.¢1553¢0
S BETTER SYSTEM .
15 2 2 23 4 1 1 0 1 1 0 1 0 0 338.85719 334415162
17 2 2 .2 3 3 2 1 0 1 1 0 1 0 ¢ 335.73227 334,15152
18 - 2 ? 2 3 3 3 1 0 1 1 0 1 0 0 331.67227 334.15162
BETTER SYSTEM 7~ - B S ‘
19 2 2 2-- 3 3 4 1 0 1 1 0 1 0 0 . 333413335 331.67227
20 2 ? 2 3 3 37 .2 0 1 10 1 0 0 331444713 331.67227
i BETTER SYSTEM ;
21 2 2 -2 3 3 3 3 0 1 | 0 1 0. o 359481579 3316464713
22 1 2 .2 . 3 3 3 2 0 1 1 0 1 0 0 . 332457074 331644713
23 3 2 2 3 3 3 2 0 1 1 0 1 0 0 339.07007 33144713
L 24 4 2 2 3 3 '3 2 o 1 1 0 i 0 0 334417619 233144713
25 a 1 2 3 3 3 2 0 1 1 0 170 0 332,69384 " 331444713
) 26 2 3 2 '3 3 3 2 0 1 1 0 1 0 0 330408506 331444713
L e 2 4 2 3 3 3 2 0 1 1 0 1 0 0 336428027 331644713
8 28 2 2 1 3 3 3 2 0 1 1 0 1 0 0 332.40628 331446713
‘ 29 2 2 3 3 3 3 2 0 1 1 0 1 0 0 T 3394034656 331440713
30 2 2 4 3 3 3 2 0 1 1 ¢ 1 0 0 334432862 331a44713
3 2 2 2 1 3 3 2 0 1 1 0 1 Y 0 333.10863 331464713

SEARCH FOR OPTIMUM MODE 3 SYSTEM ON SCHEDULE 1

FIGURE 48a.
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R .7 pENALTY (woDEM3 ' -t
ERROR ANALYSIS (SCHEDULE Nos 1) - -

N N 1
« .

ISU CONPONENTS o ' - . ' |

"

ACCELEROM.: GG=177 GG~177 " GE=1TT GYROSCOPES= 18«IRIG=B  18=IRIG~B  18~IRIG~B
Isu DATA(HORIZONTAL DESIGN NUMBER & OPTIMUM) B ON TIME (HR)= 2,517
OUTSIDE DIMENSIONS * WEIGHT ~ © WEIGHT : EXCIT.ENSRGY= 108,001
LENGTH= 10,200 BLOCK= Se407 INSULATION= 1,019 EXCIT.POWER = 424900
WIDTH= 1+500 BASE= 30540 ELECTRONICS= 106000 TOTAL PeFAIL= « 00062
HEIGHT=""" 44610 ' '  "COVER= 20171 COMPONENTS= %e500 TOTAL WEIGHT= 264637
1SU THERMAL ANALYSIS ~ S '
MAXeHEATER POWEZR= 964525 MAXe THERMAL COND,= 241450 TOTAL ENERGY= 174,274

MIN'HEATER POWER= ~e000 MINe TRERMAL COND.:= 1.0725 TOTAL POWER = 132.425

SUBSYSTEM PARAMETERS ,
COMPUTERS  STAR TRCKR SUN SENSOR ISU/CePeSe COM, SYSTe HORIZ+SEN.

: SIGN ITI ITT-LUN.OB ADCL=1402 NONE ~  MCR=503 NONE
TIME® 2,517 10,849 . 104849 0,000 - 9601033 0.000 0,000
ENERGY= 289,512 864793 544246 0,000 33603,617 04000 0,000 TOTAL ENERGY= 34036,168
POWERT 115,000 8.000 54000 04000 3.500 04000 0,000 TOTAL POWER = 131,500
P pLFAILS 200045 «00012 «00011 6400000 09155 000600 0400000 TCTAL P FAIL= 09216
WEIGHT= 274000 7.000 24000 04000 3.100 04000 0.000 TOTAL WEIGHT= 39,100
,Afkrrune CONTRdL SYSTEM ANALYSTS - ’ ON TIME {HR)= 10,849
THRUST SIZING (L8) | FUEL CONSUMPTION (LB=SEC)
o ROLL YAY PITCH . ' ROLL YAW PITCH
' SOLAR PRES= 0000 20000 0000
CMETLIMPACT= . ,0000 40000 «0001 . SEARCHINGS  4,0598 243060 0007
L MANEUVERS = 20099 +0099 0099 DEAD BAND= «0001 046645 «2560
©  MIDCOURSE = = 0,0000  ,3778° 03778 | MANEUVERS= 22793 ¢1547 «1917  TOTAL ENERGY= 108,492
E - MAX,THRUST= <0099 . 43778 3778 TOTAL IMP=  4.3392 249052 <4484  TOTAL POWER = 10,000
: o . , TOTAL PoFAIL= 00278
NO, OF r1n1~ss= 2264646 TOTAL IMPULSE=  7,6928 ~ FUEL WEIGHT= 4137372 TOTAL WEIGHT=  21.215
‘ | ENERGY SOURCE'DATA SRR -
i o TOTAL POWER= 2804925 ~  TOTAL ENERGY= 34316.934 TOTAL WEIGHT=  110.119
~ WIRING SR . | : ' TOTAL' WEIGHT= 110,000
W MIDCOURSE ENGINE ' S ' - o
| EXPECTED DELTA-V= 7428 DOF=1,000 CAPABILITY= 134953 : TOTAL WEIGHT= 24,376
I PENALTY SUMMATION _PROBABILITIES WEIGHT o
' : INSUF (MIDCOURSE FUEL= 006051 . ASTRIONICS=. = 331,447 ‘
i ! e EXCESSIVE TGT, MISS = ,00000 SPACECRAFT=. 1668,553
» UNRELIABILITY = « 09525 TCTAL= ~2000,000 ~ -
= ASTRIONICS TOTAL = «15000 ° e . Lo .
' PENALTY (MODE 3)= -331444713

4

CEXECUTION TIMES, START=536.26, END=549,58) ELAPSED=134316(SECs)

Bl

FIGURE 49. MODE 3 EVALUATION OF OPTIMUM SYSTEM ON SCHEDULE 1




1SU COMPUNENTS AR e s

§ ACCELEROMem - 66=17T == «-GG=1T77 - - GG=177 GYROSCOPES= GG 334=A GG 334-A GG 334-A
Y L e e T . . :
8 - 1subATA R T SR RIS ON TIME (HR)= - 2,517
e UL g A . L TOTAL ENERGY= 251,750
. , TOTAL POWER = 100,000
5 -t H=%29 - - (STRAPOOWN-) SPECIFIED -~ - - TOTAL: PoFAIL= «00126°
7 ; TOTAL WEIGHT= 30.000
1 svnqutem‘wAnAmrTaus
s s e o : - COMPUTERS - STAR TRCKR — SUN-SENSUOR ~ISU/CePsSe~ COM, SYSTe HORIZeSENe -~ -
SIGh 111 ITT LUN.OW  ApCL=1402 H=429 SYS MCH-bO3 NONE
e s TImMe= 2:511 - - 104849 === - 10.849 — 2.517 --79601.033 0.000 0.000 -
. CEMERGY= - 289.5]1¢ 86,793 954,246 213,987  33603.617 0.000 0,000 TOTAL ENERGY= 34248,156
T POWER=" 115000 == Be 000~ 5,000 89,000 © 34500 0.000 0.000 TOTAL POWER = 216,500
' L PGFAILE <0004 00012 «00011 «0002> 009155 0.00000 0400000 TOTAL P.FAIL= «09239
e COMETGHTS. . 21, 000~~~:,' Te000 -~ 26000~ ~14250" 3.100. 0.000 0.000 TOTAL- WEIGHT= 53.350
ATTlahuF CUNTROL SYSTEM ANALY515-~~——~ R ON TIME (HR)=-  10.84%
i THHUST SIZING (Lb) -~ - s R R antb FUEL CONSUMPTION (L8=SEC) s
L ROLL - YAW PITCH ; ROLL | YAW PITCH \
SoLan PreS= «GO0O L0000 e Q000 i e - ) o ' ' -
L OMET L IMPACT= <0000 0000 « 0001 SEARCHING= 4,0585 2.3060 0032 P
| sr  MANFIIVERS = « G099 20099 -~ 4 Q0Y9 - --— - DEAU BAND= « 0001 ¢ 4445 2560
, MIDCOUKSE = 0.0000 £ 3778 3778 MANEUVERS= $2193 «1547 01917 TOTAL ENERGY= 1084492
. _“,,;,, MAX ., THRUST= : 00091'?' 03778 NI ¥ 1 I R TO[’AL IMF?: . 4.3’9{9 2:905d : .“0509 TOFAL POWER = 16.000
reo ’ S ' ; . i ‘ , TOTAL Pe.FAIL=S «G0278
MO OF FIRINGS= - - 22440 - ~TOTAL IMPULSE= ~~-T.6940  FUEL wEIGHT= - 4137393 TOTAL WEIGHT= = 21,215
- ENERGY SOURCE NATA - - = e e e | I T )
‘ ~ ; TOTAL POWER= 326,500 TOTAL ENERGY= 346084397 TOTAL wEIGHT=  125.842
fiow o = o “ - H . ; P - - Ceme b e e —ere e s e w mmese - - . . ‘." - -
WIRING ‘ TOTAL WEIGHT=" 110.000
 MIDCOURSE ENGINE |
R hxptrThD DELIA=v= 19975 DOF=1,000 CAPABILITY= 304105 TOTAL WEIGHT= 29,085
— PENALTY SUMMATION 4 PROBABILITIES - oooms o oo WEIGHT - "o s Do e e
' INbUF.MIUCOURSt FUEL= .0596d ASTRIONICS= 369,492
e ottt - ERMCESSIVE T6Te MISS =0 0,00000 - oo SPACECRAFT= 1630.508 - - - - - -
‘ ~ UNRELJABILITY = «09606 - T@TAL- 12000.000 ‘-
. o ' CASIRIONICS TOTAL - = ‘.15000;>m~"~ o : . oo ‘ S
% . PENALTY (MOOE 31= 36949242
'iExEcuTION rxneso START 836.33» END=864.60y FLAPSED=28+268(SECs) Ce e e . A :
: FIGURE 505 MODE 3 SCHEDULE 1 FVALUATION OF A SPECIFInD AIDED SYSTEM
- TE s e e -“"“'UTILIZING'AN EXISTING- STRAPDOWN Isu. -~




.

Exscnrrou TIMESy STARI=864., 61,'two =892.17+ ELAPSED= e7 +564 (SEC4)

£ST

FIGURE 51..

. UTILIZING A GIMBALLED PLATFORM

-"MODE- 3; SCHEDULE--1,-EVALUATION OF ‘A- SPECIFIED AIDED SYSTEM

PENALTY (MODE 3)=

5664437

225,000
.00186
80.000

ENERGY= 33920.88}

i - - - [SEE J ko & J E o et ) !‘ 2) . kS 3 $ - - -
IS) COMPUNENTS i -
ACCEf EROMea  6G=1717" T 6G=177 GG=177 GYRUSCOPES=  GG=49 - "GG=49 GG=49
CISUCHATA ON TIME (HR)= 2,517
e | R k TOTAL ENERGY=
' , - . TOTAL PUWER =.
e .CENTLIMG * ( GIMBALED ) SPECIFIED : TOTAL PJFAIL=
TOTAL WEIGHT=
' suuqurrm PARAMLIFNS C . .
VR COMPUTERS  © STAR TRCKR™ SUN 'SENSOUR ™~ ISU/CePeSe""CUOMs SYSTe “HORIZeSEN. - -
: TELEDYNE  [TT=LUNOB  ADCL=-1402 NONE MCR=503 NONE
et e T IMES 2e517 | 1048349 104849~ © - 0,000 96014033 0.000 0.000
COFNERGYS . 1764225 B6.793 S4.246 Ge.000 33603.617 0.000 0,000 TOTAL
S pOwkHE 70,000 B.000 5.000 0.000 3.500 0.000 0.000 TOTAL POWER =
‘ CPGFALILE T L0005V <0002 <0001 0.00000 «09155 000000 000000 TOTAL P.FAIL=
WELGHIZL - 494000 74000 24000 " 04000 3.100 0.000 0,000 TOIAL WEIGHT=
AYIXfUnt CONTHOL SYSTEM ANALYSIS . ON TIME (HR)= - 10,849
rnuus1 SYZIMNG (Lb) = FUEL CUNSUMPTION (LB=SEC)
ROLL YAw erCH ROLL . YAW PITCH
TUSOLAR PHESE <000V «0000 -~ 00000 - s ; }
\ U METLIMPACT = #0000 +0000 0001 _ SEARCHING= 4,0637 243089 0.0000
e LU MANEIIVERS = SU09Y <0099 - « 0099 . DEAD BANU= «0001 © 4445 02560
o MINCOYRSE = 0000V $3718 «3718 MANEUVERS= .27193 01547 1917 TOTAL ENERGY=
MAX THIUS ['= «009Y «3778 «3778 TOTAL IMP= - 4.3431 2.9082 #4477 - TOTAL POWER =
- s T ' f S - B © TOTAL P.FAIL=
WO, OF FIRINGS= 22466 TOTAL- IMPULSE= - T7.6989 - - FUEL WEIGHT=  .13748}1 - TOTAL WEIGHT=
ENERGY SUUKCE DATA SR P EI e .
: . : TOTAL POWER=  321.500 TorAL ENEP Y= 34595.310 TOTAL WEIGHT=
CWINING TOTAL WEIGHT=.
MII)(")URSL f‘.NhINl‘ . :
KAPECTED DELTA=Y= 13.43% DOF=1.000 CAPABILITY= 25357 ©  TOTAL WEIGHT=
‘PENALTY SUMMAT FUN. PROBABILITIES - - e WE IGHT '
__INSUF (MIUCOURSE FUEL= «05929 ASTRIONICS= 405,134 )
EACESSIVE T6T. MISS = - 0,00000 - SPACECRAFT=  1594.866 -
CUNRELLABILITY = L,09643 TOTAL=  2000.000
CASIRIUNICS TOTAL = «15000 - - A

86.5C0
« 09221
424100

1084492
10.000
200279
21215

124,117
110.000

274702

405413426

" o ——



that the reference system inertial components were used in this evaluation.,
Because the Kalman filter weights depend on the hardware errors, less accurate
hardware would perhaps make the state~of-the~art horizon sensors more
attractive. Based upon the results in Table XVI, horizon sensors were not
considered in subsequent system evaluations.,

TABLE XVI. RESULTS OF EVALUATION OF HORIZON SENSORS FCR
UPDATES IN THE PARKING ORBIT

Decrease in Penalty
Assuming No

Parking Orbit Update Horizon Sensor Weight
None None
State-of-the-art horizon sensors 0.583 1lbs
Perfect horizon sensors | 6.77 1lbs
Perfect update of all errors 9.48 1bs

Systems Evaluated. Four principal systems were évaluated on mission
schedule 1, Five variations of the reference system and one variation of the
optimum system were also evaluated using mission schedule 1. The components
which made up the ten systems evaluated using mission schedule 1 are listed in
Table XVII.

The reference, system E, and the optimum system were evaluated using
mission schedule 2, The results of all systems evaluated are shown in summary
form in Table XVIII. The values shown for Ry were extracted from the level 2
evaluations, some of which are shown in Appendix B. The other information,
Ry, Wac, Wpy, and Wgg, is taken from the level 1 evaluations discussed in
earlier sections of this report.

expected target miss, Ry, when compared to the value of Rp for the reference
system. This increase has little effect on the penalty, since R is . .
still much less than the target miss constraint of 78.09 x 106 feet. The
increased drift of the pitch gyro also increases the expected midcourse AV,
Ry, and hence the mldcourse propulsion system weight Wpy. The improvement in
attitude control system welght WAC, is due to. the fact that the search . ,
strategy chaﬁges rotational axes of the search pattern as discussed in the
Technical Discussion section of this report. The result of all these effects
is a slight decrease in the penalty for the one percent increase in pitched
gyro flxed drift as- predlcted in the sensitivity analysis. ~
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TABLE XVII. DESCRIPTION OF SYSTEMS EVALUATED

Acceler- Sun Star Com.
) System ometer Gyro Computer Sensor Tracker Receiver
1 Reference  D~4E GG 344A SRT RUK-2  Adcole  ITT MCR-503
L 1402 Lunar
ol Orbiter
! A Same as reference except pitch gyro R increased 1l7%.
B Same as reference except pitch gyro R increased 1l0%.
- c Same as reference except sun sensor error is 0.0086°.
2 D Same as reference except sun sensor error is 4.0°.
-
B E Same as reference except USBS-30 radar range rate error
- was 0.5 ft/sec.
5 Optimum GG 177 18-IRIG-B  SIGN IIT  Adcole  ITT MCR~503
A 1402 ~  Lunar
: Orbiter
‘ﬁ* F Same as optimum except USBS-30 radar range rate error
o ~was 0.5 ft/sec.
i
e H-429% GG 177 G 334A SIGN III Adcole  ITT MCR-503
e : 1402 Lunar
i Orbiter
Centaur GG 177 GG 49 Teledyne Adcole ITT MCR-503
IMG 1402 Lunar
Orbiter

—— e — — ——

—

* The H-429 also requires an ISU/computer power supply.
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TABLE XVIII. SUMMARY OF EVALUATIONS

R Ry ac oy Wes
System¥ (ft) (ft/sec) (1bs) (1bs) (1bs)
Schedule 1
Reference 1.545 x 10° 14.985 21,215 28.515 343.45989
A 1.556 x 10° 15.096 21.159 28.516 343.40582
B 1.575 x 10° 16.090 21.159 29.056 343.94578
c 1.512 x 10° 15.088 21.215 28.571 343.51620
D 39.394 x 10° 15.069 21.215 31.140 346.08498
E 5.490 x 10° 14.984 21.215 28.514  343.45929
Opt imum 1.899 x 10° 7.430 21,215 24,377 331.44832
F 5,520 x 10° 7.428 21,215 24,376 331.44713
H-429 1.818 x 10° 15.975 21.215 29.085 369.49242
Centaur TMG 2.173 x 10° 13.435 21,215 21702 405.13426
f Schedule 2
1 Reference ~  0.153 x 10° 14.945 21.397  28.571  343.6977
- E --- 14.944 21.397 28570 343.69709
5‘ Opt imum 0.255 x 10° 7.386 21,397 24.392 331.64468

o —— —— e

—— == —————

fi | * Refer to Table XVII for system descriptions. =

The system with the pitch gyro R 1ncreased by 10 percent, system B -
has a penalty larger than the reference system penalty because the R and Ry
effects are greater than the improvement in Wyc. :

The reference system with the improved sun sensor, system C, shows -
a decrease in Rr. However, since Ry is already very much less than the miss
constraint, this has a negligible effect on the penalty. The improved state
estimation using the improved sun sensor results 1n a larger expected
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midcourse AV, Ry, and a heavier midcourse correction propulsion system. The
net result then for an improved sun sensor is an increase in the overall
penalty, Wgsg.

These results could imply that a system would be improved by delib-
erate degradation of sensor errors. In actual operation, howevetr, the best
state estimate possible should always be made. The increase in the penalty
comes from correcting back to the nominal target location, even though a
smaller correction would bring the target condition within the target miss
constraint. Thus, partial midcourse corrections should be used when the
accuracy is sufficient to give an expected target miss much less than the
target miss constraint.

The' reference system with the sun sensor error increased to 4 degrees,
system D, results in R increasing to approximately half the target miss
constraint. This increase in RT is not negligible. The expected midcourse
correction velocity, Ry, is very close to those values obtained with the other
systems. However, the midcourse propulsion system must carry more fuel to
ensure smaller probability of failure due to having insufficient midcourse fuel,
This is necessary to compensate for the increased probability of missing the
target due to excessive target miss. Thus, the overall penalty is increased
for this system.

The reference system with degraded ground based radar, system E, has
an increased Ry. The penalty, Wgg, is slightly less due to the less accurate
state estimate which is reflected in a slightly smaller Ry and hence Wpy.

The optimum system has an overall penalty approximately 12 pounds
less than the reference system. It is interesting to note that the expected
target miss, Rp, is approximately 20 percent greater than Ry for the reference
system. This expected miss is well within the miss constraint and so does not
effect the penalty. This serves to emphasize the importance of selecting the
proper miss constraint for the mission. The optimum system was also studied
with a degraded ground based radar, system F, and increases similar to those
obtained with degraded radar on the reference system are obtained.

The specified strapdown system, H-429, ‘has an expected target miss
similar to that obtained with the reference sys&em but a slightly larger Ry.
The overall penalty is h;cher, however, due to increased astrionics hardware
weight, especially that of the electrical energy source computer power supply
subsystem needed with this system. Similarly, the specified gimballed system,
Centaur IMG, )nelds a much thher penalty due to the physical weight of the ISU.

Three of the systems discussed above were also evaluated using
mission schedule 2. Schedule 2 includes a third midcourse 400 days into the

‘mission or approximately 10 days prior to nominal perijove. As expected the

target miss is much less than that obtained with schedule 1. However, because
the target misses obtained with schedule 1 are already well w1th1n the miss
constraint, thls gives very little improvement in the penalty. 1In fact, the
net penalty is 1ncreased due to the increase in. mldcourse correctlon needed
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for the third midcourse and the weight of the attitude control system due to
the necessity of stabilizing the spacecraft for the updates and the third mid=-
N course correction.

CONCLUS TONS

An evaluation technique was developed for astrionics systems designed
for interplanetary missions. This technique is useful for selection of astri-
| onics subsystems, for evaluating astrionics mission operation schedule, as an aid
g‘ in the preliminary design of conceptual subsystems, and in determining research
' needed to improve system performance.

The system parameters used in the evaluation technique can be estimated using
: techniques that are relatively unsophisticated but are of sufficient accuracy
’ to accomplish the desired result.

These techniques were implemented in computer programs which were
exercised on a Jupiter flyby mission. Results indicate that present day
hardware, utilizing Kalman filtered updates, can provide the needed astrionics
functions to accomplish a Jupiter flyby mission if the mission schedules used
are acceptable to spacecraft designers.

] To have any reasonable probability of mission success, 1 - Ppg, it is
; necessary to turn certain astrionics subsystems off and on due to their
relatively low reliabilities when operated on long (300 to 400 day) missions.
This necessitates having the ability to reestablish the attitude reference by
acquiring celestial bodies with electro-optical sensors and reestablish the
direction cosines in the computer or realign the gimbals.

4 The influence of the mission schedule on the astrionics evaluation

: should not be overlooked, Earlier work with the reference system examined a
schedule with two midcourse corrections, the first being made at 21 hours after
] launch and the second being made at 10 days (Reference 43 ). The schedules

o used in deriving the results presented in this report assumed the first mid-

. course correction was made at 10 hours and 31 minutes after launch. The subse-
quent midcourse corrections made on schedules 1 and 2 were very small compared
to the magnitude of the first midcourse. The midcourse corrections reported in
this report were about 60 percent of the magnitude of those involved in the
earlier work. This is principally due to the fact that the earlier time of
midcourse correction requires a smaller AV due to the injection errors propa-
gation being smaller. This points out the need for making the first midcourse
correction as soon as sufficient tracking data is available to establish the

i state. Subsequent midcourse corrections later in the mission are required to

A ‘ remove the errors induced during the earller correction and meet the target
accuracy requirements. : :
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4
The system found to be optimum on the schedule and mission considered

in this work has an ISU and computer identical to that found to be optimum in
the unaided study (Reference 1).

RECOMMENDAT L ONS

The techniques developed, the computer programs implementing these
techniques, and the results from exercising these computer programs on a
Jupiter flyby mission lead to the following recommendations.

Investigation of the effects of switching on and off the various
astrionics subsystems should be conducted. Items of concern include the relia-
bility implications of the switching and the necessity to reestablish the
direction cosine matrix in the digital computer for the case of the strapdown
ISU.

Tradeoffs between alternate attitude control mechanizations should
be made. This requires addition of alternate mechanizations, such as control
moment gyroscopes, to the computer programs.

For the Jupiter flyby mission studied, a concentrated effort on
reduction of system power requirements, and hence power source weight, is
recommended. The direction to be followed in this research depends upon cost
and other factors such as the likelihood of success of each research approach
to power (or power source weight) reduction,

It is recommended that attention be directed toward improving the
reliability of astrionics systems which might be used for a Jupiter flyby
mission. This effort should consider not only improvement in the mean time to
failure (MITF) of the hardware, but also investigate reliability models for
the astrionics systems and methods of testing to verify these models. As shown
in the exercise cases previously discussed, an improvement in the MITF of the
astrionics system hardware must be made if the system is to operate contin-
uously from launch, or the probability of mission failure attributable to
astrionics must be relaxed.

: Finally, the dearth of data required for evaluation of astrionics
necessitates the recommendation that NASA/ERC establish a testing program for
all candidate astrionics subsystems and components with the goal of gathering
the needed data.
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APPENDIX A

CALCULATED MOMENTS OF INERTTA FOR NOMINAL SPACECRAFT

This Appendix presents the calculations used in estimating the
moments of inertia for the nominal spacecraft. The weights given in
Reference A-1 for Design Concept D were used with the appropriate radii scaled
from the drawing of Design Concept D. The principal moments of inertia were
estimated for each subsystem of Design Concept D and summed for all subsystems
to determine the estimated principal moments of inertia for Design Concept D.
The moments of inertia of the nominal spacecraft were estimated by multiplying
the principal moments of inertia of Design Concept D by the ratio of the
weights of the nominal spacecraft and Design Concept D.

Inertias for Design Concept D

The moments of inertia about each of the three principal axes are
shown in Tables A-1 through A-9 for each of the subsystems. Table A-10 pre-
sents the summation of the estimated moments of inertia about each of the three
principal axes for spacecraft Design Concept D.




TABLE A-1. SCIENCE SUBSYSTEM

_g Wt Distance (ft) from Axis I (1b-ft2)
" Instrument (1b)  Roll  Pitch Yaw Roll Pitch __ Yaw
Extended Magnetometer 8.0 1.9 2.5 1.0 28.9 50.0 8.0
A (est) (est)
z Energetic Particle Detector 2.5 1.5 1.2 1.9 5.6 3.6 9.0
Cosmic Dust Detector 2.5 3.7 4.0 1.5 34,2 40.0 5.6
Expanded Photometer 6.0 6.8 6.8 0.5 277.0 V277.0 1.5
TV Camera (TV-1II) 30.0 6.7 6.7 0.5u 1350.0 1350.0 7.5
g Plasma Probe 7.0 5.7 4.3 3.7 227.0  129.5 66.0
% Microwave Radiometer 28.0 6.7 6.5 0.3 1258.0 1183.0 2.5
; Infrared Radiometer 5.0 6.7 ., 6.5 0.3 225.0  211.0 0.5
% Ion Chamber 3.0 1.5 3.3 3.0 6.7 32,7 27.0
E Infrafed Spectrometer 16.0 6.4 6.4 0.5  656.0 656.0 4.0
,% High Energy Proton 4,0 2.1 1.2 v 2.3 17.7 5.8 21.2
g Directional Monitor
é Cosmic Ray Spectrum Analyzer 18.0 2.1 1.2 2.3 79.5 25.9 95.3
UV - Visible Spectrometer 20,0 6.3 6.4 0.3 795.0 820.0 1.8
Medium Energy Proton 3.0 1.5 1.2 1.9 6.7 4.3 10.8
Directional Monitor ‘
Bistatic Radar 15.0 6.6 6.6 0.2  653.0 653.0 0.6
f Radio Noise Detector 5.0 6.4 6.5 1.0 205.0 211.0 5.0
g Null Radio Seeker | 5.0 6.6 6.6 0.2 218.0 218.0 0.2

Radar Altimeter ©25.0 6.4 6.4 0 1025.0 1025.0 _ 0

7068.3 6895.8 296.5




TABLE A-2. COMMUNICATIONS SUBSYSTEM

i

,¥2 Wt Distance (ft) from Axis I (lb-ftz)

’ Component (1b) Roll Pitch Yaw Roll Pitch Yaw
i Omni Antenna (2) 6.7 4.8 4.7 180.0  92.2  88.4
jj Parabolic Antenna 25 5.0 5.0 306.5 625.0 625.0
z (K)*  (approx) (approx)

,: Amplifier (2) 8
L. Powér Monitor (2) 2
?? Circulator (6) 6
gé Exciter (2) 10

‘§; APC Receiver (2) 18
g? Exciter Control 2
fé Receiver Monitor 1
%; Amplifier Control 2

;gé Power Supply, 16
o HV (2)

%E Cabling, etc _4 |

gl 69%% 2.0 2.0 0.4 (K) 276.0 276.0 _11.0

?ﬁf | | 762.5 993.2 724.4

o — —_— e ——————

‘ff - % K = radius of gyration

%% Assume these components on (+) yaw axis, 2 feet from roll and pitch axes.
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TABLE A~3. DATA MANAGEMENT SUBSYSTEM

Weight = 90 Pounds

2 “ 2
Lo = 90 (DT = 0.0 1b-ft
- 2 _ 2
Lseeps = 90 (DT = 90.0 1b-ft
~ 1,2 2
I = 90 (7 = 22.5 1b-ft

TABLE A-4, SPACECRAFT CONTROL SUBSYSTEM

Wt Distance (ft) from Axis T (1b-ft2)

Component (1b)  Roll Pitch Yaw Roll Pitch Yaw
Fine Angle Sun Sensor 1 5.8 4.1 3.9 33.7 16.8 15.2
Coarse Sun Sensors (4) 4 5.7 4.2 3.9 130;0 70.6 60.8
Earth Sensor 6 5.7 3.9 3.9 195.0 91.3 91.3
Startrackers (4) 40 4.7 4.7 1.6 884.0 884.0 102.5
Jupiter Sensor 6 6.9 7.0 0.3 286.0 294.0 0.5
Computer 45% 2.0 2.0 0 180.0 180.0 0
Attitude Control 20% 2.0 2,0 0 80.0  80.0 0

Electronics,

Gyros (6) | 6 0 0 0 | : Insignificant
Accelerometer 1 o 0 0 Insignificant
Jupiter Moon Tracker 6 6.9 7.0 0.3 286{6’””1294.0 0.5

(est)  (est)  (est)
e 2074.7 1910.7 = 270.8

* Assumed on (~) yaw axis, 2 feet from‘roll énd’pitCh axés.
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TABLE A-5. ATTITUDE CONTROL PROPULSION SUBSYSTEM

Weight = 110 Pounds

For the jets:

—— 2_ -2
Iogige = 4 (6.007 = 144 lb-ft
- 2 _ “f2
Tpjeens = 4 (457 = 81 Ib-fe
- 2 - 81 1b-ft2
Iy e = 4 (4.5)° = 81 1b-ft

* Assumed the gas jets (4 per axis at 1 1b/jet) to comprise
12 1bs of the total 110,

Note that the radii used are less than the radii used in the
program for the thruster location. This will not signifi-
cantly alter the total moments of inertia.

Assumed the remaining weight to lie on the pitch axis, and
to have a radius of gyration of 1.5 ft for roll and yaw, and
1/2 ft for pitch. Then, for these remaining components,

_ 2 _ .. .2
IRoll = 98 (1.5) = 220 1b-ft
I = 98 (1/2)2 = 24.5 1b-ft2
Pitch
_ 2 _ o2
IYaw = 98 (1.5 = 220 .1b ft
Total inertias are:
o = _ 2
IRoll f 144 + 220 364 1b-ft
L - .9
Iiin = B8L+24.5 = 105.5 lb-ft
I = 814220 = 301 1b-ft2
Yaw ,




TABLE A-6. MIDCOURSE PROPULSION SUBSYSTEM

Weight = 105.6 Pounds

- 2 _ —fg2
IRoll* = 105.6 (1/2) = 26.4 1lb-ft
I = 105.6 (1 3)2 = 178.5 lb-ft2
Pitch* ) ’ ’
I = 105.6 (1 3)2 = 178.5 1b-ft2
Yaw* ’ ’ *

* Located on roll axis, with radius of
gyration of 1.3 ft for pitch and yaw,
and 1/2 ft for roll. '



TABLE A-7. ELECTRICAL POWER SUBSYSTEM

Weight of RTG's (4) = 264 Pounds
Remaining Components = 173 Pounds
Total = 437

For the RTG's
I = 264 (6.7 2. 11,850 1b-f 2
Roll ~ (6.7) B ’ t
1 = 264 (0.57)% = 86 1b-ft2
Pitch ‘
I = 264 (6.7)° = 11,850 1b-ft>
Yaw 1) - ?

For the reﬁhining components, assumed
axis, with radius of gyration of 3 ft
and 1/2 ft for yaw.

- 2 _
IRoll = 173 (3) =
I = 173 (3)2 =
Pitch

- 2 _
IYaw = 173 (2) -

Total inertias are:

o
IRoll i 11,850 + 1560
IPitch = 86 + 1560
IYaw = 11,850 + 42

location on the yaw
for roll and pitch,

1560 1b-ft2

1560 1b-ft2

42 lb-ft2

13,410 1b-ft?

1,646 1b-ft>

11,892 1b-ft>

"
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TABLE A-8. STRUCTURAL/MECHANICAL AND METEOROID PROTECTION SUBSYSTEM

Weight = 375 Pounds

Assumed the following radii of gyration:

11.3

KRoll = :7?; = 3,27 ft

KPitch

Saw T

Therefore,

IRoll

IPitch

IYaw

3.27 for half of weight and 1 for other half

3.27 for half of weight and 1 for other half

375 (3.27)2

e =
—— e

187.5 (3.27)2 + 187.5 (1)2

187.5 (3.27)2 + 187.5 (1)°

4000 1b-ft

2208

2208

TABLE A-9. THERMAL CONTROL SUBSYSTEM

Weight = 27 Pounds

Assumed the following radii of gyratiom:

Kpo11 =
KPitch =
KYaw -
Therefore,
I = 27 (3.3)2
Roll ST
IPitch = 27 (3.3)
I = 27.(0.8)2

Yaw

—

3.3

3.3

0.8

]

ft
ft

ft

294 1b~ft’

294 1b-ft

2

2

25‘;1

17.3 1b-ft°

2

1b-ft2,

lb-ft2



i . TABLE A-10. SUMMATION OF INERTIAS

——
——

|

B IRoll IPitch IYaw

: | 7,068 6,896 296

- 762 993 7124

. 90 90 22

3 2,075 1,911 : 271

s 364 106 301

- 26 178 178

1 13,410 1,646 11,892

" 4,000 2,208 2,208

- 294 294 17

: 2 2 2
k. 28,089 1b~ft 14,322 1b-ft 15,909 1b~ft
1 Ad justment to Heavier (2000 1b) Spacecraft

“n The weight of the '"D" - concept craft is 1581 pounds.

For a 2000 pound craft, the values were adjusted as follows
and converted to mass units.

28,089 2000 2
- . - -
- TRo11 32,2 * 1581 1100 slug-ft
- 14,322 2000 ; 2
o = =il A A~ A -
B Ipitch 32.2 * 1581 263 slug-ft
o - 15,909 2000 _ _ge2
s Tyaw 32,2 ¥ 1581 625 slug-ft

AT
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APPENDIX B

LEVEL, 2 EVALUATIONS

Level 2 evaluations of the systems discussed in the body of this
report are shown in this Appendix. Figure B-1l, the level 2 evaluation »f the
reference system on schedule 1, will be discussed in detail. The other level 2
evaluations have a similar format.

The level 2 evaluation begins at the instant of launch from which all
subsequent mission operations are timed. The top of Figure B~la indicates the
penalty, mode 3, and related error analysis are for mission schedule 1i.
Repeated blocks of information describe the state of the system and the errors
for various mission operations. Lines of astericks separate the information
describing the system at a point in time and the information describing the
transition of the system from one time to another.

The information between the first lines of astericks describe the
state of the system as the vehicle sits on the launch pad. The altitude,
expressed in feet, of the vehicle is essentially zero, and the inertial velocity,
expressed in feet per second, is that due to rotation of the Earth. The angle
between the position and velocity vectors is then 90° and the latitude and
longitude are 28.5° and -80.5°, respectively. Perfect alignment of the systém
is assumed, so all computed deviations, deviations, and errors are zero as
shown. At time equal zero, the communication subsystem is turned on and the
subsystems are operating as shown by the subsystem and status lines of the
printout (1 = ON, O = OFF). At the end of this operation, the computed devia-
fions, deviations, and errors are still zero.

The vehicle requires 565 seconds of stage action time to achieve the
100 NM parking orbit. The errors incurred during the launch are propagated
through a coast of 935 seconds in the parking orbit. The second block of infor-

“mation is printed while the vehicle is in the parking orbit, as indicated by the

word "PARK". The time from launch is equal to 25 minutes, 0O seconds (denoted as
OD OH 25M 0.00S). The altitude, velocity, angle, latitude, and 1ong1tude of the
ground track are shown.

At this point the position and velocity deviations and errors are
equal since no updates have been performed. The computed deviations are equal
to zero. Notice, however, that there are attitude computed deviations,
expressed in radians, equal to the attitude control subsystem dead zone width.
At this point it should again be emphasized that the attitude control subsystem
operation during park assumes that thrusters attached to the launch vehicle are
used for stabilization. Thus, spacecraft attitude control unit fuel consumption
and thruster sizing while in the parklng orbit are not Lon51dered in the penalty
evaluation. :




A% this ﬁbint in time, a ground based radar update is made using the ;
Ascension Island TPQ-18 radar. The measurement information is printed as shown. i
The range is 2.87 x 100 feet. The range rate is 1.525 x 104 units and the vehicle is
at an azimuth of 73° and elevation of 8.3° with respect to the tracking radar.

The sun angle is 111, 6° The sun angle is printed to ensure that the sun does

not lie between the earth and the spacecraft when updates are made later in

the mission. The inertial system errors, expressed in terms of range, eleva-

tion, azimuth, and range dot, are then printed, followed by the TPQ~1l8 measure-

ment errors. It should be noted that the TPQ-18 radar has an indicated range

rate error of zero. This doesnot imply perfect measurement, but rather an A
unmeasured measurement component. The range measurement is two orders of magni- -
tude better than the inertial system range information, while elevation and
azimuth are approximately 1 order of magnitude better. The error information in
the form of computed deviations, deviations, and errors after the Kalman update
are then printed. Since an update has been made, computed deviations do

exist. Note that the errors have also decreased by approximately one order of
magnitude in position and velocity. A slight decrease is noted in attitude
error. The decrease in attitude error since attitude is unmeasured, is due to -
correlation effects in the Kalman filter.

; “:Jiiﬁl
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After the update, the vehicle continues in the parking orbit for em
81.3 seconds. The second or injection burn of 941.5 seconds duration is made, {
and the burnm errors are added to error analysis. A very short coast of 0,2 o

seconds occurs before the next block §f information is printed.

Forty~two minutes, three seconds, 1nto the mission, the spacecraft

separates from the launch vehicle and from this point on the attitude of the -
spacecraft is indicated by three direction cosine matrices. These direction i
cosine matrices relate the three axes systems, inertial, local, and body. At o
this point, the attitude control system is turned on and the deadbands are set &
to 209, The star tracker and sun sensor are then turned on, and the maneuver- f%
ing to locate the sun and Canopus is begun. Nine hundred seconds is then -

allowed for maneuvering to require the nominal locations of the sun and Canopus.
During this 900 seconds, the deadbands are set to 20, 8, and 20°, as shown.

This setting of the deadbands is automatic to insure that the optical sensors
will be able to keep the celestial bodies within the fields of view. This
coasting flight, due to translation of the spacecraft around the sun and orien-
tation maneuvering, requires pitching 124.6°, yawing =70°, and rolling 59.86°.
After these maneuvers, the searching for the sun and Canopus is begun as indi-
cated at the top of Figure B-lc. Sixty seconds is allowed for searching with
the deadbands set as indicated. The times for searching for the sun and Canopus
are prorated as discussed in the Technical Discussion section of this report.:
In this case, 35.4 seconds is allocated to search for the sun and 24.6 seconds
to search for Canopus. The attitude rates for the search are very small as
shown by the small pitch rate required. This ‘very small maneuvering is required
because prior to the search the attitude errors are very small. Later searches,
with 1arger initial errors, show significant rates in roll and yaw.

;

From this point in the mission until some maneuver which requires
1051ng the track on the celestial bodies, the spacecraft will be oriented with
the electro-optical sensors locked on the celestial bodies. The fact that the
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sensors are locked on the sun and Canopus are indicated by the words ''CANOPUS
ACQUIRED" printed beside the direction cosine matrices describing the attitude.

Detailed description of the flight continues for the entire schedule
with the final conditions shown on Figure B-1i, when the spacecraft arrives at
the target, 410 days, 10 hours, 4 minutes, 2 seconds into the mission. At this
point, the deviations in cross range position represent the perijove error and
are used as the RMS target miss, Ry, needed by the penalty analysis. 1In addi-
tion the program keeps track of the operating times of the various subsystems
in seconds as shown in Figure B-1j.

The error analysis also computes the total midcourse correction AV

‘requirements in terms of degrees of freedom and RMS values as well as the

various attitude control subsystem sizing and fuel consumption parameters.

The mode 3 penalty evaluation for this system on schedule 1 is
repeated in Figure B-lk for comparison.

The remaining figures in this Appendix describe in a similar fashion
the optimum system on schedule 1 and other systems as shown in the Table of
Contents.

e




| | PENALTY (MODE 3)
 ERROR ANALYSIS (SCHEDULE NO, 1)

p-g

! LAUNCH R T S O T S S O A N I T B I E R T S A A R I A R R A
AT 0D OH oM 0.005 ' ‘
T= : 0. ALT= =4, 7683T16E=07 VEL= 2,3196861E+02 ANG= 90,000 LAT= 285000 LONG= =80,5000
P=~DR P=CR pP=0P V-0R v-CR V=0P A-DR A-CR -~ A=QP
',M_COMP. DEV.e 0, ' 0o O 0e 0. 0. 0. 0, - Oe .
DEVIATIONS o0, 0, 0e ) Oe e 0e Oe 0. Oe
b ERRORS . 0. 100 : Qo L 00 O De Qs (118 Qe
P SUBSYSTEM © COMPUTER I S U, ATT. CONT, STAR TRCKR -SUN SENSOR ISU/CePsSe COM. SYST, HORIz.S:N. ‘
IR I STATUS 1 1 0 0 0 1 0 0 0
,; o COMy SYSTe TURNED ON -
’ P=DR ~  P=CR P=0P V-DR V~CR V~0P A=DR A=CR A=OP
COM‘?'. DEv,. .0, Qs b 0, : Oe Qe Oe (9 O O
DEVIATIONS 0, 0 0. 0., O Oe Oe 0. 0.
ERHORS 0. : o 0. O v S Oe Oe ' Oe 0. 0.
LAUNCH =~ & @ a @ o & & “ . @ - » o N R R R R I A S A I A I N A A KR R R IR B A
BURN FOR 565,000 SEC.
_ ADD BURN ERRORS = .~ — S :
PARK FOR 93500 SECe ( 0D OH15M35,00S)
PARK T R A SRR R R A A A A R I A A S S S G S S I IR IR 2 B B IR N NN N B
. AT = 0D OH2S5M 04005 , ~
o Ta 1500 ALTa 6,0761100E+05 VEL= 2,4239262E+04 ANG= 90,000 LAT= «5,7054 LONG= =7,0921
' ‘F=DR P«CR pP=0P ‘ V=DR V=CR V=0P -A=DR A~CR A=QP
. COMP, DEV, 0, 0. Oe Oe Oe 0, 202T2E~04 2.2T2E=04 2.272E-04
DEVIATIONS 6,777E+03 4.031E+03 3, 324E+403 9,338E+00 1.,489E+00 6,281E-01 1.558E-04 4,0806E=046 2,207E-04
~ ERRORS 6, 777E003 4,031E+03 3.324c¢03 9.339E‘00 1e489E+00 6,281E~01" 2.643E-04 4.610E=~04 4.034E-04
SUBSYSTEM COMPUTER I« S U, ATT, CONT, STAR TRCKR SUN SENSOR ISU/C.P, S. COM, SYST. HORIZ.SEN.
STATUS 1 1 0 0 0 1 1 0 0 0
o R STATION RANGE ‘RANGE DOT AZM ELE. - SUN ANG,
i R  ASCENSION  2,8752678E+06 1.5257582E+04 73.154 8.373 111.615
; MLASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE QOT
‘ INERTIAL SYSTEM 44082872E+03 1,794594E~03 1,902463E=03 ~ 641633228400
e : TPQ18 6.700000E¢01 44500000E~-94 44500000E=04 =0,
B " AFTER KALMAN UPDATE | o « ‘ :
P=-DR P=CR P=0P V=DR V=<CR Ve0P A-DR A=CR A=0OP

E'1(;‘05‘.?-;“[)EV”. 6,7T12E+03 3¢965€+03 3,252E+03 9.219E+00 1.296E<00 5.573E~01 2.462E~04 3.176E=04 2.778BE=04
DEVIATIONS 6,777E+03 4.031E+03 3e324E+03 9.338E+00 1.,489E+00 6.281E=01 14558E~04 4,036E-04 2.207E~04

ERRORS = 9,306E402 7,242E402 6+844E+02 1.487E+00 7.328E-01 2,897E~01" 2,552E-04 3,404E-04 3.160E=-C%
M PARK T AR TN B T A E R R E R R R R S A A NS A
 PARK FOR 81430 5EC, ( 0D OH 1421,305)

BURN FOR 941,500 SEC.
ADD BURK ERRORS - .
CGAST FOR - 20 SECs ( 0D OH OM .20S)

FIGURE B-la. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION
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ESCAPE

R A L T I N i S T T R R N S S S S I T T N T T T T T T S
AT 0D 0H42M 3.,00S :
o Ta ~-2523. - ALT=" 1,2568513E407 VEL= 4¢7905635E+04 ANG= 42,609 LAT: ~2844248 LONG= 47,9456
o P=DR - P=CR P=0P V=DR V=CR- V=0P A=DR A=CR
COMP, DEV. 0, 0, "0 o. 0w e 4+951E-08 4,951E=~08
R “DEVIATIONS 4,240E+03 5, 7125003 "5e037E¢03 4e763E+00 lu316E001 1¢043E¢01l 640B2E=04 5.063E-04
- T ERRORS 42240C+03 D5eT12E+03 S,037E+03 4¢763E%00  1.316E¢01 1,043E¢01 6.0B2E~04 5.0635~0%
ATTITUDE ©  :ROLL YAWY PITCH DR CR oP ROLL YAW PITCH
TTXT =el872 =,9823 L0083 XI =,1872 =,9823 ,0083 DR 1.0000 =.0000 «0000
e XY = eBB4S T 41722 . 44335 T Y1 =.8846 01722  +4335 CR «0000 1.0000 =,0000
_ . ZI  =e4272 40738 =49011 ZI =o4272 = <0738 =~49011  OP =40000 +0000 1.0000
SUBSYSTEM COMPUTER  Ie Ss Uese  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ<SENe
L STATUS 1 1 0 0 -0 1 1 0 0
ATT, CONTe TURNED ON < : N :
: : ' P+DR P=CR P=DP V-DX V-CR V=0P A-DR A=CR
: ~ R COMP, DEV,e 0, 0, 0o Oe . O, 0, Tel25E=03 7,125¢=03
FRE T DEVIATIONS 4 2405*03 SeT12E403 5¢037Ee03 4o763E¢00 1¢316E¢0] 14043E401 Tel51E=~03 T.143E=03
‘ ' ERRORS 44240E%03 5.712E403 5,037E+03 447635900 1.316E¢0] 1.043E¢01 64082E=-04 5406304
OEADBAND ON AXIS 1 CHANGED TO  20.00000 DG ‘
TADBAND ON AXIS 2 CHANGED TO  20.00000 DEGe
'DEADBAND ON AXIS 3 CHANGED TO  20,00000 DEG.
STAR TRCKR TURNED ON
SUN SENSOR TURNED ON - : ~ e
: . P=DR P=CR P-0P V=DR V=CR . V=0P A=DR A-CR - .
o - COMP, DEVe 0, 0, O O Os 0, 1.425E=01 1,425¢6-01
. ~ DEVIATIONS  4,240Ee03 5.712E403 54037E¢03 4e763E+00 10316E+01 1¢043E401 14425E=01 1.4255-01
g ERRORS 4429%0E+03 54712E403 S5,037C+03 4¢763E+00  1,316E01 6¢082E~04 S.063E-04

4l

[ A
gi5s
&"

L
i

]

whie

1.4043E+01

L1

"t BEGIN MANEUVERING TO LOCATE SUN=CANOPUS -

 ESCAPE

~ COAST FOR" 900400 SECe ¢ 0D OH1SM-0.00S)
~ ANGLE BETWEEN CELESTIAL BODIES=
| DEAD BANDS  SET  MaX,
ROLL 20.00 64,00
 YAW 8400 8.00
R S PITCH 20400 28468 -
f , - MANEUVERS A
) ’ TR D PITCH 124.634DEG,  YAW =70.015DEG.
i ESCAPE
b AT 0D OHS7M 3,008 | o R
R 3423 ALT= 4.83089545007 VEL=' 4,3313231E+04 ANG=
Rod T e P=OR  P=CR  _ P=0P V=DR
N COMP, DEV. 0. =14726E-04 0+ = =3,372E~07
L © " DEVIATIONS 8,623E+03 1.749E404 14407E+04 S¢137E+00
ERRORS B4623E+03 1.749E+04 14407E+04 5:13TE+00
e e
i FIGURE B-ib.

97032y BETWEEN OPTICAL AIDS=

ROLL 594862DEG, IN-

16,593 LAT=

Oe

1e333E¢61
1.333E‘°1 -

90400

900SEC,

'2907368
V=0p
O
9.884E+00
94884E+00

LONG=
A=-DR
104l8E‘Ql
1¢418E=-01
54945E~0%

REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

L A I T I Ik I T T T T S T T R T S S S S S

® ¢ p o9 oa o ) " @ 8 o & “ L] 9 LR B KIS TR SRS 0 LR R K S U NN SR TR Y Y Y S

74,2506

A-CR
7035C=-02
T+036E=02
4e459E~04

@ 0 8 0 a0

A=0OpP
4.951E~08
5.513E=-04

0

A=0P
7.1355'03
Tel147E~03
5.513€-04

- A=OP
1 425€=01
1e4258=-01
S.513E=-04

.
L

® 800 o 9

o808 4o

A=OP
1.372€-01
14372E=-01
6.271E=-04



ATTITUOE ROLL YAW  PITCH DR CR oP ROLL YAW  PITCH
T XY =e2321 Te9305 =42834°  XI  =412246 =49924 0083 DR =.2123 1112 9709
YI ,6276 =,0793 47745 YI =48939 41138  ¢4335 CR 2679 =,9488 ,1673

’ ) ZI =eT7431 =,3576 =,5656 Z1 346312 e 06456 -a9011 orP «9398 - 42956 e1716
'SUBSYSTEM COMPUTER  Ie Se Us ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYST, HORIZ.SENs
. STAatusT | 1 : 1 1 1 1 0 0 0
] END MANEUVERINGYBEGIN SEARCH FOR SUN-CANOPUS | '
L ESCAPE RN R R I N N A AR A R S A I RS A A A R AR B B U R AR A A R KR RN
"rw.”COAST FOR 6000 SECe ( 0D OH 1M 0.,00S) -7 ‘ '
‘ ANGLE BETWEEN CELESTIAL BODIES®=  97.32, BETWEEN OPTICAL AIDS=  90.00
— " DEAD BANDS  SET MAX. .
; ROLL  20.00 64.00 - . :
i . YAW 8400 8,00
e S PITCH 20400 2868
i o : ' " "MANEUYVERS : : ‘ ’ )
- PITCH «+00Q0DEG, YAW = =o.000DEGe ROLL "~ =¢001DEG. IN 60SEC,
SEARCH FOR SUN IN 35,4 SECONDS WITH  1,00000 PASSES .
’ ANGULAR RATES (RAD/SEC)=ROLL 000000 . »YAW 0.00000 sPITCH =400002
s ¢ SEARCH FOR CANOPUS ~ IN 2446 SECONDS WITH 1400000 PASSES L - -
. v S , ANGULAR RATES (RAD/SEC)=ROLL 0.00000 _  ¢YAW 0.00000 »PITCH =,00002
}; U ESCAPE -0 % 6 0 4 6 & B 0 B 0 B 6 G B BB LB D OB R N SR DD DS REEERD 0 RGO 8NEEE0 R
AT 0D OHS58M 3.00S ‘ ‘ :
“I= 3483 ALT= 5,0840061E+07 VEL= %,3117231E+04 ANG= 15,672 LATs =29,6689 LONG= 74,9188
. P=DR t: P=CR -P=0P V=DR V=CR.. Ve0p A-DR A=CR A=OP
COMP, DEVe 1,9506+03 1,218E«04 1,207E+06 1+113E+00 B8,783E¢00 7.984E+00 1,417E-01 7.042C-02 1.372E-01
DEVIATIONS B8,921E+03 14823E404 14466E+04 50150E+00 1.337E¢01 9¢865E400 1+417E-01 7.042E=-02 14372E-01
ERRORS 8.721E+03 1e394E+04 Be963E+03 5¢031E+00 1,027C+01 64176E+G0 24041E-04 2Z.07BE=-04 4.096E=04
I ' ‘ : ATTITUDE ROLL YAw PITCH DR CR oP ‘ROLL . YAW PITCH
~_ CANOPUS  ACQUIREU X1 =e2321 49305 =42834 XI =,1202 =e9927 +0683 DR =,2128 1133  .9705
A ." Pl T : ; - N YI .6276 - "00793 “'.7745 YI '».’89"52v . .1119 04335 CR 92674 ’.9486 .1694
(R | Z1 =u7431 =e3576 =e5656 ZI =¢4313  «044T 49911 OP 9398 2956 <1716
SUBSYSTEM COMPUTER I¢ Se Us ATT. CONTe STAR TRCKR SUN SENSOR ISU/LePeSs COM. SYSTe HORIZWSENe :
- STATUS 1 1 1 1 1 0 0 0
SR AR " END SEARCH FOR SUN=CANOPUS

- COMPUTER  TURNED OFF
Te Se Ue TURNED ‘OFF :
e : - /P=DR P=CR P=OP VDR V=CR Y=OP ~ A=DR A-CR A=OP
. COMPe DEVe 1,950E+03 "~ 1¢218E«04 1,207E404 1.113E+00 B8,783E+D0 7,984E¢00 -1,417E=01 7.042E-02 1.372E-01
 DEVIATIONS 8,921E+03 1.B28E+04 1e466E+04 5¢150E*00 1,337E+01  9.865E+400 1417E~01 7,042E-02 1.372E-01

: ’ FIGURE B-lc. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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Pt FOR R, ==t | [ ] | E T FrTa N Froniey ¥Ry {rndh 4 |
L I RN S D S SO R £ Ui SN T SV e Bttt T T s |

ERRORS B.721E+03 __1¢394E404 B8.968E+03 S5¢031E400 1,027E+01 6.,1T6E+00 2,041E=04 2.078E-04 4.,096E=04

ESCAPE @ ® 0 @ 0 -0 6 ® 0 0 & 6 4 0 & 4 0 % 6 6 & 0 8 & 0 0 6 06 &8 68 & &6 6.8 # 6% 6% 8 0 6 888 068600 @

COAST FOR 32517400 SEC, ( 0D 9H 1MS7.008)

- ANGLE BETWEEN CELESTIAL BODIES= 97,21, BETWEEN OPTICAL AIDS= 50,00 v
. 1 'yt - .
‘ DEAD BANDS  SET MAX . )
s “ROLL ‘20400 64,00
YAW  Be00 B,00 _ ~
PITCH 20400 28479 ‘ -

"PITCH ~ =40530EG. - YAW =+094DEGs ROLL ~+515DEG. IN - 32517SEC,
TRACKING STAR NO, 2 » R S

MANEUVERS

ESCAPE B T A I I T R I O S S O T

AT ODIOH oM 0. 005

| T= . 36000 ALT= 1, 36815886009 VELz 9,8762677E+04 ANG= 66,018 LAT= «25,6796 LONGE «36,9497
. | O ~ P=DR P-CR P=0P V~DR V-CR V0P A=OR A-CR A-0P )
T . . COMP, DEVe 4,B87GE+04 3,234E+05 2¢535E405 1.510E400 9,723E¢00 7.542E+400 1,416E=01 T7.067E~02 14372E=01
: - DEVIATIONS 1.762E405 5.023E405 3.306E+05 5.160E+00 1.516E+01. 07305400 1.416E-01 T.067E-02 1.372E-01
ERRORS 1,693E405 34903E405 24157E+05 49356400 1.181E+01 6.412E+400 24495E-04 2.696E-04 6.885E-04
RN CATTITUDE  ROLL YAW PITCH DR CR oP ROLL  YAW_  PITCH =
CANOPUS  ACQUIRED (XD =e2334 49328 «,2746 XI =e0997 =49950 +0082 DR ~e2168 ,1239 ,9683 . .-. i

AL S T

vI 16264 =40718 =,7762 YI =¢8963 00934 ¢4335 CR 02641 w¢9475 1804
~ZL =eT437 =43532' «45676 ZI =4432]1 - 40358 «49011 OP 49398 2948 1727 -

.

SUBSYSTEM COMPUTER  Ie So Ue  ATT. CONT, STAR TRCKR SUN SENSOR ISU/CePsS. COMs SYST. HORIZ+SENe
 STATUS -0 R I 1 1 o | 1 0 0 0
COMPUTER  TURNED ON _ | | 4 :
1. Se Us  TURNED ON ‘ ,
. P=DR P=CR™  P=0P V-DR V=CR V=0P"~ . A-DR A-CR A=0P
COMPy DEV. 4,876E+04 3,234E405 2,585E05 1+5106400 9,723E+00 7.542E400 1e416E~01 7.067E=02 1.372E-01
DEVIATIONS 1,762E+05 5,023E¢05 3,306E+05 5,160E400 1.516E401 9,730E400 1,416E=01 7.067E-02 1,372E~01

~ ERROKS 1.693E+05 ?903E*05 2+157E+05 4¢935E+00 11818401 ©64412E¢00 2¢496E-04 2.696E=0¢ 6.885E=04
;Egcwpg R LA R I R A A 2 IR A N A R A I R AR N AR S R T TSR 2 S R SO T S T S o
" COAST FOR 1soo.oo SECs { 0D OH30M 0,00S) '

ANGLE BETWEEN CELESTIAL BODIES' 97.20¢ BETWEEN OPTICAL AIDS= 90400

oo DEAD ‘BANDS  SET = MAX,
CROLL 20400  64.00
' / _Yg‘w 8.00 * Be00
e PITCH 20.00 28460
, Mwueuveas ' : , '

, PITCH -.oosuee. YAW *40050EGe ROLL =¢028DEG. IN 1800SEC,

b ‘ .. A . ,
geScwpgk CRE R AR R N R e IR TR N R N I B I I I N O N e e A N R N E R EE R R e

AT OD1OH30M 0,005 R ) : | o N
T 37800 ALTE 1,4404029E+09 VELs 1,0315087E+05 ANG= ° 67,105 LAT= =25,6632 LONGE =44,3869

* FIGURE B-1d. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (ﬁﬁntinued)



B e e e tie L TN o B

A N AR s

: P=DR P=CR P=0P V<DR V=CR V=0P A-DR A-CR A=QP
COMP. DEV. 5.147E+04 3.409E605 247215405 1e511E400 9.T27E400 7541E+400 14416E-01 7.005E-02 1.372E~01
DEVIATIONS © 1,855E¢05 S.296E¢05 344815¢05 5.160E+00 1.517E+401 9.731E¢00 1,416E-01 T+065E=02 1.372E~01
o ERRORS 1.7B2E«05 4¢115E405 2¢272E+05 4¢934E+00 14151E«01 6.414E400 54037E~-04 S.139E-04 8.157E-04
', L i -
% R ATTITUDE ROLL YAW PITCH "DR CR orP , ROLL YAW PITCH
« CANOPUS ACQUIRED X1 =~.2335 09329 ~.274] XTI =e0997 =¢9950 0082 DR =.2168 41234 «9684
o o Lt Y1 06264 «=,0713 =.7763 Y1 =.8963 00936 44335 CR 02641 *o9476 «1799
o 2D =eT4368  =43529 ~.5677 21 =es321 00358 =+9011 0P  +9398 <2948 1728
- SUBSYSTEM COMPUTER Is Se U. ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP¢Se COMe SYST, HORIZeSEN.
) STATUS Y 1 - ' 1 17 B | 1 S | 0 0 0
: DEADBAND ON AXIS- 1 CHANGED 70U +10000 DEG. -
7T 7T T DEADBAND ON AXIS 2 CHANGED 7O +10000 DEG.,
'DEADBAND ON AXIS 3 CHANGED TO ¢10000 DEG. il
STATION . RaNGE-” RANGE DOT . AZM ELE, SUN ANG.
ASCENSION  1,4439360E+09 4.0869058E04 =1254447 55,969 80,860
' MEASUREMENT ERRORS ~ RANGE - ELEVATION AZIMUTH RANGE DOT
INERTIAL SYSTEM 148263995405 - 2¢946660C=04 1e356025E=046 2.245125E401
: usas~3o0 64700000E401  1,780000E~03 1¢760000E=93  1.240000E=01
" AFTER KALM&N uP)ATE § ! : ’
~ P-DR P~CR P=CP V-DR V=CR . V=-0pP A=DR A~CR _A-0P
COMP+ DEVe 1,B5SE+05 5¢243E+405 2¢994E¢05 5e.160E400 1,501E+01 B¢36YE+00 7T.125E~04 T.1255-04 7.125E~-04
DEVIATIONS 1.855E¢05 5,296E405 3,481E+05 S¢160E+00 1,517E+01 9,731E¢00 7,978E-04 8,773E-04 1,081E-03
- " ERRORS 1.814E403 S45T70E+04 le 909E+05 Se262E~03 1.6815+00 Se320E400 34590E~04 5. lldu-06 8 127E=04
ESCAPE o“ab“ﬁo“&“o#&6#0%#0#0%“&9“9“%#%9.600.!00“‘6&0909&%““696
COAST FOR 60400 SECe ( 0D OH 1M 0.,005)
ANGLE BETWEEN CELESTIAL BODIES® 97,20 BETWEEHN OPTICAL AIDS= 90400 b
DEAD BANDS  SET | MAX,
~ROLL - «10 - 64400
YAW «10 8.00
, : PITCH 10 28,80
MANEUVERS ;
A PITCH = =e¢0000EG, YAW «o.0000EG. ROLL ~=¢001DEG. IN 60SEC,
ESCAPE TR I o8 e ® e o UEC IR IR SRR SRR SR N N A I O R A A A R IR O e R o6 B % 8 O B B O-0 8B &
AT ODIOH31M 0.00S ] - - . )
i REEI P 37860 ALT= 1.44281105.09 VEL=z 1,0329770E+05 ANG= 67.140 LAT= «25,6627 LONGE =44,6349
U o : co PwDR P=-CR P=0P V-DR V=CR V0P A=DR A=CR A=-0P
s . - 1COMP, DEV, 1,858E+05 5.252E+05 2.999E+05 5¢160E+00 1,501E¢01 B8,369E¢00 7.125E-04 Te125E=04 Tel25E=04
‘ : : DEVIATIONS. 1.858E405 53056405 3,487E+05 S5e1G0E¢00 14517E+01 9,731E+00 B,007E-04 8.846E-04 1.087E-03
ERRORS - 1,814E+03 SS580E«+04 1.912E+05 5¢264E=03 1.681E400 5¢320E400 3,654E=04 5.242E-04 8.205E-04
o ‘ ATTITUDE ROLL YAW PITCH DR CR 0P ROLL YAW PITCH
CANOPUS ACQUIREV X1 =,2335 ¢9329 =.2741. XI «e0997 =¢9950 «0082 DOR =,2168 1234 09664
i T Yl 06264 = 0T13 =, 7763 YI =,8963 «093% +4335 CR 02641 =,9476 «1759
, e Z1  =eT7438 =¢3529 «¢5677 21 +=e4321 e0358 =901} OP 9398  +2948 1728
- SUBSYSTEM LOMPUTER Ie Se Us ATT. CONTe STAR! TRCKR SUN SENSOR ISU/CeP+Se COMe SYST,. HORIZ+SENe
: STATUS ‘ 1 1 1 1 e i 1 0 0 0
" FIGURE B-le. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



5“33 AR e
 AFTER MIDCOURSE CORRECTION, RMVa  1,493423E+01 (FT/SEC) »00F=1,000
SR | : P=DR _ P=CR P=0P V=DR V=CR V=0P A~DR A=CR A~0P
o COMP, DEVe 14B58E405 5¢252E405 2,999E+05 5e601E+00 4,217E+00 74230600 7e¢125E=04 7,125E-04 7T,1256-04
S . DEVIATIONS 1,858E+05 5.305E405 3,48T7E«05 S,491E+00 4,632E¢00 B8,096E400 B,007E-04 8,846E-04 1,087E-03
o "ERRORS 1,814E+03 - 5.580E404 "1e912E005 1¢516E~02 1,681E400 5,320E+00 3,654E-04 5.242E=04 84205E=04
“© " DEADBAND ON'AXIS 1 CHANGED TO  20.00000 DEG. '
CZADBAND ON AXIS | 2 CHANGED TO  20,00000 DEG,
 DEADBAND ON AXIS 3 CHANGED TO  20,00000 DEG.
COMPUTER  TUHNED OFF L o
Is Se Us  TURNED OFF
~ ATT, CONT. TUHNED OFF )
i ~ STAR TRCKR TURNED OFF ' o SRR , o . '
SUN SENSOR TURNED OFF
‘ P=DR P~CR P-0P V-DR V=CR V-0P A-DR A=-CR A=OP
: “COMPo DEV, 1,858E405" 5¢252E¢05 2¢999E+05 S5e4F1E¢00 44217E400 7,230E+400 74854E=01. 7.854E=01 7.854E=01
T . DEVIATIONS 1,858E+05 5,305E405 3¢4BTE+0S GS,491E+00 4.,632E400 B,696E400 7T¢854E=01 7Te854E-01 T¢854E=01
L ' ERRURS 14814E403 5.580E+04 14912E+05 1¢516E-02 14661E¢00 5+320E400 T+854E=01 T+854E=01 7+854E~01
"ESCAPE T S T S T S R S T S S S S S e T

~ COAST FOR 34522140400 SEC. (399D13H29M 0,00S)

TARGET CTe # © o # & o 8 0 & 6 # € & 0 ¢ & & & 0 4 % 0 & ¢ & & 0 & B 0B AB DR D R DD OGO L ED R R Y S D

AT 400D OH OM 0.00S C.-.
155,7267 >

" COAST FOR

TARGET CToe @ # 0 # 4 & & & & 0 0.6 0 6 & 0 % 6 0 0 0 06 &0 6 0 0 00 # 06 606 .68 6600600600008 6880a0abs

1800.00 SEC.

( 0D OH30M 0,00S)

Pt T= 34560000 ALT= 2,6049048E+12 VEL= 1,8816539E+08 ANG= 90,010 LAT=  =645116 LONG=
3 S . “P=DR P=CR P~0P VeDR V=CR _ V=oP A-=DR A-CR A~GP
P f COMPo DEV, 1,564E+08 1,713E407 14172E+08 140345400 2.952E¢00 1,031E400 7Te854E~01 7T,854E~01 7T.8545=01
i - DEVIATIONS 1,611E+08 2¢093E+08 1¢850E+08 2e313E+00 1,471E*01 5.900E400 7Te854E~01 Te854E=01 TeB854E=01
g = ERKORS 4+520E*07 24096E+08 1¢511E+08 240575400 1,459E¢01 5¢8TIE*00 7¢854E=01 7T.854E~01 7¢854E=01.
, ATTITUDE - " ROLL YAW PITCH "~ DR CR orP , ROLL YAW PITCH
~ ' XT =,2335 e9329 =.2741 X1 «1881 01202 «9748 DR =43299 3738 « 8669
T e ‘ Y1 06264 =,0713 «=.T7763 YI =e¢9062 04039 e1251 CR 08994 04034 1683
L ) 71 = 7438 «,3529 =,5677 zI «,3787 =,9069 <1649 OP -,2868 8352 =,4693
SUBSYSTLM COMPUTER Ie 5S¢ U, ATT, CONT, STAR TRCKR SUN SENSOR ISU/CePeS, COMe SYST, HORIZ.SEN,
STATUS = =0 : -0 . 0. 0 0 () 1 0 0 0
COMPUTER  TURNED ON; ¥ , . . :
I.‘SQ Ue TUBNED ON : ‘
SUN SENSOR TURNED ON - —
Tt STAR TRCKR TURNED ON
~ ATT. CONTe TUKNED ON :

R . TR P=DR P=CR P~0P V=DR V=CR V=0P A=DR A~CR A=OP
i COMP . DEVe 1.564E¢08 1eT713E407 1¢172E+08-- 1e034E+00 2,582E000 14031E+00 14925F=01 1,425E=01 1.,425E=01
I DEVIATIONS 1,611E408 2,093E408 1.,850E408 2,313E+400 1,471E+01 5,900E400 7T.854E~01 7,654E-01 7,854E=01
S ~ ERRORS  4,520E<07 2+096E+08 1+511E408 2e05TE+00 1+459E401 S¢871E400 74854501 7TeB54E~G1 TeB854E=01
&; BEGIN MANEUVERING TO LOCATE SUN=CANOPUS

[} ' . ;



76,669 BETWEEN OPTICAL AIDS=.

ANGLE BETWEEN CELESTIAL BODIES= 90,00
@ ~ DEAD BANDS ° SET MAX o
a ROLL 20400 64400 e
B T T -~ YAW 8400 8,00 o : |
e L PITCH 20.60 22.66 - v
St sttt MANEUVERS | o - , ,
' PITCH 5.3600EG, YAW 5¢3350E6. ROLL=133¢4T760EG. IN 1800SEC,

(]

TARGET CTe ® ® © 6 o 6 0 # & 0 o # 0 # & & 8. 4 & # 8 0.6 .6 ¢ & & 4 & & & 6 6 0080060000 R A KRR R SR

AT 400D:0H30M 0.00S o
: 90,010 LAT= =6.5106

i Te 34561800 ALT= 2,6048474E«12 VEL= 1,88l5163E+08 ANG= LONG= 148,2286
. P=DR P-CR P-0P V=-DR V=CR V=0Fr A-DR A=-CR A=OP
COMPo DEVe 14564E408 1¢713E+407 1¢172E+08 1.028E400- 2,987E+00 1.028E400 B8e35TE=02 1.324E~01 143%91E-01
DEVIATIONS 1.6115405° 2.093E+08 1.,850E408 22317E€400 1.473E+01 5.904E+00 7.854E~01 7.854E~01 T854E=01
ERRORS 4,520E407 2,096E408 1,511E+08 2,065E+00 1.,461E+01 5,875E400 7,854E-01 T,854E-01 7.854E-01
ATTITUCE ROLL YAW PITCH DR CR 0P ROLL YAY PITCH
XI =ell92 =e4462 48869 X1 41881  +1202 9748 DR <=.3728 <-,8838 =-.2827
YI  .,6864 L6084 43983  YI =,9062 44039 1251 CR ° ,9135 «,4031 L0555
_ ZI  «eT173 6563 2338  ZI =o3787 " =¢9069 1849 OP =,1630 =.2375 49576
SUBSYSTEM COMPUTER les S. Us  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZeSENe
 STATUS i 1 ' 1 Tl ' 1 1 0 0 0

S e | END MANEUVERINGsBEGIN SEARCH FOR SUN=CANOPUS

-

o o @

TARGET CTe ¢ & 0. @ 0 0 0 # 4 ¢ 0 & 0 6 & & & & # 00 0 @ N R T E E R E E R R E

COAST FOR

ANGLE BETWEEN CELES

,ﬁiﬂ EREEE PR T P S . DEAD BANGS
o < ; ' RULL
T SR ‘ YAW
| . " o PITCH
‘ MANEUVERS

o . PITCH

ittt oo SEARCH FOR SUN

 TARGET CTe @ % & & & ¢ o & 0 & o 0 & T EEE R R R

‘ » AT 400D OH31M 0.,00S
. Ts 34561860 ALT=

'SEARCH FOR CANOPUS

2,6048455E+12 VEL=
‘ P=DR .

60400 SECo ( 0D OH 1M 0,00S)

CSET  “MAX.
20400 64400 -
8400 8,00
20400 22466
«0n00EG,  YAW ~ ¢000DEG, ~ ROLL

IN 30+4 SECONDS WITH
ANGULAR RATES. (RAD/SEC)=ROLL

IN 2946 SECONDS WITH
ANGULAR RATES (RAD/SEC)=ROLL

F=CR _ P=0P

1.8816150E+08 ANG=
: .”,V!QRA

~e000DEG. IN
100000 PASSES

202583 ' YAW
- 100000 PASSES
00000 yYANW

90,010 LAT=
VeCR

76466, BETNEEN OPTICAL AIDS= 90400

60SEC,

0,00000

+02583

=6,5106 LONGE
-V=0P

FIGURE B-lg. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
L B e S L AP S SN S PSR S ’ : ’ ;

A=-DR

+PITCH 0400000

yPITCH 0.00000

147,9787
_ A=CR

R T A N Y E E R R R

A=0P




T g s Ty T ceia b § ‘i v 3 Wik W

1,5645+08

COMP, DEV. 1.713E407 14172E408 1.027E40C 2.9S7E+00 1,028E+00 B84357E-02 1,3248-01 1.391E-01

DEVIATIONS 1,611E+08 2.093E408 1.850E+08 2,317E+00 1,473E01 5,904E600 B8¢357E=02 3+326E~01 1,391E-01

ERRORS ' 4,520E+07 2.096E+08 1.511E+08 2,065E400 1,461E+01 5.B875E+00 2,829E-04 Te055E~04 2.322E-04
X ATTITUDE = ROLL YAW  PITCH DR CR op ROLL YAW  PITCH
CANOPYUS =~ ACQUIRED XI =21192 =.4462 48869 XI 1881 41202 49768 DR =,3728 =.8038 =.2827
. w o C YD (6864 L6084 439031 YI =.9062 4039 41251 CR 3135 <-.4031  .0555
R L | Z1 -oT173 46563 42338 ZI =e3787 =¢9069 #1849 OP =,1635 =.2375 9576

'SUSBSYSTEM COMPUTER  I+:S5. Us  ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP+S. COMs SYST. HORIZeSENs
0 0

STATUS RO 1 1 1 1 1 1 0

END SEARCH FOR SUN=CANOPUS

I I T T I O R O O O N gt o o6 o

TARGET CT. % & & 6 b & & & SR

T COAST FOR 1800400 SEC, ( 0D OH30M 0,00S)
ANGLE BETWEEN CELESTIAL BODIES= 76466+ BETWEEN OPTICAL AIDS= 90400
 DEAD BANDS  SET  MAX. )
ROLL 20400 64400 ’
YAW  B.00 8,00 ‘
~ PITCH 20400 22,66
¥ MANEUVERS ~ | | '
PITCH  +000DEG, ~ YAY  +0000EG. ROLL  =¢0O1DEG. IN .  1B00SEC. e

TNRGET CTs L I A A R

AT 4000 -1H 1” 2008 -
2.6047888E+]12

& LA A * ﬁ “ # o o @ o & B & LR T2 IR N

1.88157380E+908

-

AR EEEE R E E EEEEE I I

.Wiw S ra 34563660 ALT=, VEL = ANG= 93.010 LAT=" v6,5096 LONG= 140,4806 e
s i P=DR P=-CR P-0P V-DR V=CR V=0P A=DR A-CR A=QP
R COMP, DEVe 1,564E408 1.713E+07 14172E+08 140118400 . 3.0005400 1,019E400 B84357E=02 14324E=01 1.391E=01
DEVIATIONS = 1,611E408 2,093E+08 14850E+08 2,329Z400 1,479E+01 5,912E400 B8,357E-02 1,324E-01 1.391E-01
ERRORS 44S19E+07 24096E+08 1¢511E+08 2.0B3E+00 1.4675+401 5¢8B4E+00 5¢331E-06 B8.37BE-06 5.080E-04
T : ATTITUDE ROLL YAW PITCH DR CR oP ROLL YAW PITCH
CANOPUS  ACQUIRED XL =el192 . =¢4463  oBB69  XI  +1881 01202 9748 DR *¢3729 =,8838 =.2227
2 : YD 406864 ,6084 03984 YI =49062 44039  .1251  CR  ,9135 «,4031 0555
ZI  =47173 «6563 «2338 21 =e3787 *=49069 2 18D 0P .»¢1630. =42375 09576
SUBSYSTEM  COMPUTER  Ie S, Us  ATTe CONTe 5TAR TRCKR SUN SENSOR ISU/CsP2S» £0Me SYSTe HORIZeSEMe
T STATUS 1 ~ 1 1 1 1 1 3 0 0 0
. DEADBAND OGN AXIS 1 CHANGED TO «10000 DEGe : . ;
7T DEADBAND ON AXIS 2 CHANGED TO +10000 DEG.
... DEADBAND ON AXIS 3 CHANGED 7O «10000 DEG, .
STATION RANGE RANGE DOT AZM ELE, SUN ANG,
IRty CANBERRA 2, 6047916E012 “3,1695020E%046  ~17,455 60,115 68,370
' . MEASUREMENT ERRORS RANGE . ELEVATION AZIMUTH RANGE DOT
~* R  INERTIAL SYSTEM  145764114E+08  4,430884E=05  6,729072E~05  1e434203E004
s ; ‘. * DSIF I w0 -0 " 4e100000E~02
" AFTER KALMAN UPDATE R : ' :
T R P=DR P=CR P=0P V-DR V=CR V=0P A-DR A-CR A=OP
T A ~ COMP, DEVe 1,611E+08 2.093E408 1.850E¢08 2¢329E290 1,479E+01 5,912E+00 7,125E~04 7.1250=04 7.125E=04

FIGURE B-lh. REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



DEVIATIONS 1.611E+08

ERKORS

3.436E+05

2.093E408
T«887E+05

1+.850E+08
7 +895E+05

2¢329E+00
7.5745'03

1¢479E+01
3,480E~02

5.,912E+00
1e546E=02

8¢564E~04
4,751E~-04

100905-03
8+245E~0¢

807165'04
5.020E~04

TARGET CTe @ ® 0 # & & 0 #°8 0 o % & 0 4 8 6 & & 0 9 & 6 C & .0 8 & 006 &6 06 LR RN ST I A S A R B R R

 COAST FOR

U TARGET CTe*® ® 0 @ o # o4 0 0 6.0 % & & 0 & 0 & 0 0 0 0. & & & ¢ 6 % & ¢ 0.8 &

" 60400 SECe ( 0D OH 1M 0.00S)
1%t ANGLE BETWEEN CELESTIAL BODIES= 76,66+ BETWEEN OPTICAL AIDS=. 90400

"' DEAD BANDS . SET MAX,

‘ ' ROLL o10 64,00

YAW 10 8,00

PITCH 010 22.66
© T MANEUVERS i '
‘ ‘ «0000EG,

AT 400D 1H 2M 0.00S ; o
: 34563720 ALT= 2,6047869E+12 VEL= 1,881576BE+08 ANG=

s

- CANOPUS

SUBSYSTEM COMPUTER I

"ATTe
covP
I.S

" STAR
' SUN

 com..

ACQU

STATUS

CONT»
UTER

o Ue
TRCKR
SENSOR
SYST.

PITCH

COMP. DEV,
DEVIATIONS
- ERKRORS

ATTITUDE

IRED

1

COMP, DEV,
DEVIATIONS
ERKRORS

TURNED

TJURNED
TUKRNED
TUKNED
TURNED
TURNED

OFF
OFF
OFF

OFF
OFF

OFF

COMP, DEV.
DEVIATIONS 1,611E«08"

ERRORS

YAW

+0000EG. ROLF

=e000DEG. IN

60SEC,

A E E E R R E NN

90,010 LAT= 06,5096 LONG= 140,2307
~ P=DR P-CR P=0OP V-DR V=CR V=P A=DR A-CR
1,611E408 24093E+08 14850E¢08 - 243295400 144805401 5,912E+00 7,125E-04 T.125E-04
1,611E408 24093E408 1.850E408 2e329E+00 1,480E401. 5.912E400 B8,620E-04 1.0S5E-03
3,436E405 TeB8TE405 7+895E+05 T2574E~03 3.%80E=02 14546E«02 44852E~04 B8.,317E~04
ROLL YAW PITCH DR cR .07 ROLIL YAW PITCH
XI =41192 =.4463  +8869 XI  +1881 #1202 +9748 DR =e¢3729 =,.8838 =.2827
YI <6864 46084 3984 YI ~45062  ¢4039 #1251 CR 49135 =,403]  ,0555
21 =, 7173 L,6563' L2338 Z1 =,3787 =,9069 (1849 . OP «,1630 =.2375 L9576
Se Us "ATT, CONTe STAR TRCKR SUN SENSOR ISU/CeP»Se COMs SYSTe HORIZeSENs
| 1 ! 1 1 1 1 0 0
AFTER MIDCOURSE CORRECTION, RMV= 1,232863E+00 (FT/SEC) »DOF=14000
B P~DR P=CR p=0OP V-DR V-CR Ve0OP A~DR A-CR
1.611E408 2+093E408 14850E408 3,176E+00 1.405E+40) 5,585E+400 7,125E=04 7T.125E=-04
14611E+408 24093E+08 14850E+08 3¢176E+00 1,405E401 65.585E¢00  8,620E~04 1.,095E-03
3,436E+05 TeBBTE+40S TeE95E+05 Teb3I3E~03 3e479E=02 1.592E=02 4+852E~04 B,317E=-04
P~DR P=CR P=0P V=DR V=CR V=0QF A=DR A=CR
1,611E+08 24093E+08 14850E+08 3e¢176E+00 1,405E40]1 5,585E400 7e854E=01 7T.854E=01
\ 2¢093E+08 14850E+08 3.176E+00 1.405E+0)1 5.5855¢00 7T854E=01 7,854E~01
3.436E405 TeBBTE405 Te895E¢05 Te633E=03 344T9E~02 16552E=02 TeB54E=01 T«854E-01

TARGEY CTe # ® & % 0 6 o € & # o & 8 6 0 & & & 4 6 0 8 6 8 0 6 £ 0. & 6 6 & 6 ¢ ¢ & ¢ &

~ COAST FOR 896522400 SEC. ( 10D 9H 2M 2,00S)

TARGET CTe # % & & 0 0 o & & & & # # & & & & ¢ & & 8 0 % 0 & # & & & & # & & 0 0 & ¢ &

FIGURE-B-1i. REFERENCE SYSTEM ON SCHEDULE 1. LEVEL 2 EVALUATION

A=0P
Te125E=04
80791E‘G4
5}1485‘04

A=QP
7.125E-04
80791E-04
5.148E-04

A-0P
T«854E~=01
T«854E=0Q1
T«854E=-01

# % 4 0 4 88 B H e R0 8

NN EE EEEEE T E

"(Continued)



AT 410D10H 4M 2.00S

Tz 35460242 ALT= 2,5764392E+12 VEL= 1,8630775E+08 ANG=

P=DR
coMmMP, DEV, 5.,589E+08
DEVIATIONS 5,589E+08
- ERRORS 2.810E+05

P “ATTITUDE , ROLL

. ) . ) z1 ~e 7173 ¢6563 02338
~ SUBSYSTEM COMPUTER  l. S. U

~ P=CR

«Bos086E+0]1 2¢231E¢08 2.260E+04

P-0P

v=-DR

90,006 LAT=

V=-CR

3:064E+04 5

1s545E406 © 2,231E+408 24260E+04 3,064E«04 5

1e545E+06 14053E+06 BeP49E+00 2.428E401

- YAW PITCH
SXI ‘01192 *el463 08869
YI . 6864 | ,6084 +3984%

XI
YI

21
ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePySe COMs SYST, HORIZ4SEN.

DR -
01142

-.9909

s0710

CR

«1908
‘00483
“¢9804

- FIGURE B-1j.

B TIIIR=

oP
+9750
*1256

w1836

1 iamatntts SN - S

«6.0886 LONG= 5.4976
V=0P A=DR A-CR

+GO5E+03 T.854E-01 T.854E-01
e 965E403 T.854E-01 7.854E-01
3¢611E401 TeB54E~01 T4854E~01

ROLL - Yaw PITCH
DR =e7448 «=,6072 =,2768
CR 6474 =,7580 =,0792
OP =,1617 =.2382 9577

STATUS — <0 -0 -0 -0 -0 0 -0 0 0
TARGET MISSy RMS= 1.5446B8766E+06s DOF=14000
' COMPUTER 9063.00 SEC, .
: Ie 5S¢ U Q063.00 SEC, b
. ATT» CONT. 39057,00 SEC.
©* STAR TRCKR 39057400 SECe
SUN SENSOR 39057.00 SECK :
ISU/ZC.P.S., 9063.00 SEC,
| COMe SYST, 34563720.00 SEC
HORIZ.SEN, S T 0,00 SECe - -
g E i )
R R
. - BT - o - - — . -
1 . i N
e 3 .
w -0 - - - - ~ - -

REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

oE—

A-0P
Te854E=C1

. 7.85/§E-01

T4854E=01
v

g



71-4

| fSUZCOMPONENTS

ENERGY SOURCE DATA

 WIRING —

- 22440

TOTAL POWER=

MIDCOURSE ENGINE

* PENALTY SUMMATION

 EXECUTION TIMES

EXPECTED DELTA=V=

‘.S

1 PROSABILITIES
INSUF «+MIDCOURSE FUEL=

~ EXCESSIVE TGT. MISS

 UNRELIABILITY
ASTRIONICS TOTAL

nunn

2574875

006053
0400000

TOTAL ENERGY= 3642564434

140985 DOF=1,000 CAPABILITY=

«09523.

«15000

286147

ASTRIONICS=-
SPACECRAFT=
TOTAL=.

TART= 23.03s END= 51,35, ELAPSED=28,322(SEC.)

WEIGHT
343.460
1656540
2000,000.

" ACCELEROMe= ARMA D=4E ~ ARMA D=4E  ARMA D=4E GYROSCOPES= GG 334-A GG 334=A GG 334=A
ISU DATA(HORIZONTAL DESIGN NUMBER & OPTIMUM) ON TIME (HR)= 24517
‘QUTSIDE DIMENSIONS WEIGHT WEIGHT EXCITL.ENERGY=
LENLTH= . 9,350 BLOCK= 84703 INSULATION= 1345 EXCITJPOWER =
WILTH= 104450 BASE= 44549 . ELECTRONICsS= 10,000 TOTAL PeFAll=
o ~ HEILULHT= 5.450 COVER= 24867 COMPONENTS= 6:000 TOTAL WEIGHT=
 ISU THERMAL ANALYSIS / .
: , ' " MAX HEATER POWER= 97.875 MAXe THERMAL COND,=. 241750 TOTAL ENERGY=
MINJHEATER POWER= ~e000 MINe THERMAL COND.= 10875 TOTAL POWER =
SUBSYSTEM PARAMETERS - , ,
~ COMPUTERS  STAR TRCKR SUN SENSOR ISU/CePsSe COMe SYSTe HORIZ.SEN,
“USHT RUK-2  ITT=-LUN,OB ADCL~-1402 NONE _ MCR=503 NONE
TIME= .. . 2,517 =~ 10,849 10,849 0,000 9601,033 0,000 0,000
ENERGY= 2264575 86,793 54246 0,000 33603,617 0000 0,000 TOTAL ENERGY=
P.FAIL= . «00042 «00012 . 000011 000000 " 009155 0,00000 0,00000 TOTAL P.FAIL=
- WEIGHT= 1 36,000 7.000 2,000 0000 3,100 0000 0,000 TOTAL WEIGHT=
ATTITUDE 'CONTROL SYSTEM ANALYSIS ON TIME (HR)= 104849
THRUST SIZING (LB) FUEL CONSUMPTION (LB=-SEC)
‘ ROLL YAW PITCH: ROLL YaW PITCH
SOLAR PRES= «0000 «0000 «0000
MET.IMPACT= . 00000 20000 «0001 SEARCHING=.  4,0585 2.3060 «0031
MANEUVERS = 20099 +0099 0099 DEAD BAND= 00001 04445 +2560
“MIDCOURSE = 040000 «3778 «3778 MANEUVERS= e2793 01547 01917 TOTAL ENERGY=
MAX(THRUST= 90099 3778 «3778 TOTAL IMP= - 4,3379 2.,9052 04508 TOTAL POWZR =
5 ‘ : \ : TOTAL PeFAIL=
‘NO, OF FIRINGS= TOTAL IMPULSE= 706940 FUEL WEIGHT=  +137393 TOTAL WEIGHT=

TOTAL WEIGHT=
. TOTAL WEIGHT=

TOTAL WEIGHT=

PENALTY (MODE 3)=

' FIGURE B-1k, REFERENCE SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

e m;;ﬂ‘ N«.xv,,;,.k.’
& po.

“

109.511
43,500
«00063
33,463

1764711

[

141375 -

33971.231
106,500
«09213
48.100

.
.

108.492
10,000
«00278
21.215

102.167
110,000

284515

343445989




|

DRI

n

-

ERHOR AMALYS (S (SCHEDULE NO.

LAUNGH 8% & & & 4 % 4 & & o &

COAST FOR «20 SEC.

PENALTY (MOVE 3)

FIGURE B-2a.

*’# LR AR I N K BN IR RS (K SR IRY YN LR AL AR I K T R IR TR TR TINR - ST SR TORS L AN 200 ZEK LR - TR BN R S RS

00" 0H 0™ Qe 0nS - T e e e o
1= 0 ALT= =4¢/083710E=07 VEL= 2+43196861E+02 ANG= 90.000 LAT= 28.5000 LONG= =805000
SR P=DR P=CR P=0P V=DR V=CR V=0P A=DR - A=CR A=QpP
CCOMPL DEVe  Us 0. 0. e 0. 0. O 0o 0o
VDEVIATIUNS 0, . - 0. 0, Ve 0. 0, 0. O Oe
_ ; £RROHs -9. : Qe 0. 0! Oe A O Qe Oe Os
i SURSYSIEM  COIPUTER Ie Sa U, ATT, CONT. STAR TRCKR SUN SENSOR ISU/C.P.S. COM, SYST, HORIZ,SEN,
STATUS 1 =) 0 "0 0 1 . 0 0 6 0
COM, SYSTe TUKHNED ON K ; : : .
: :  P=DR .~  P=CR P=0P V=DR V-CR V=0P A=DR A=CR A=OP
COMbL DEV. U, 0. 0. 0o ‘ 0 = 0. 0. 0. 0o
UFVIATIONS 0, 0. 0. 0o 0. 0. 0. 0. 0.
ERH“R§ . 90 Qe 0. 0{ . Co 0. Oo Oe Oe
LAUNCH 4% 9 @ f LA BN B N R R 4¥% LA R 2N R SEE ¢ BRI T T S T S T S T ST TR 1S L AX0 K- 2R - RTINS I N TR K TR T DU 1Y #® & B
RBURN . FOR 565. 000 SECs
ADD RAURN ERROGRS ' : 3
PARK FOR 93500 SECe (00 O0H15M35%.G0S) --
PARK LR T LI S T DR TR T S R TR ST L A I B R IEE R BNE N T NNE TN XU TS R R TR 1Y LK SR L I BN B TER RN S N S 'Y 8 %
‘AT 0N 0H25M 0.00S
Yoors 1500 ALT= 64u/61100E+05 VEL= 2.4239262€+04 ANG= 904000 LAT=  =5,7054 LONG=  =74092]
: P=OR P=CR p=-0P V=DR V=CR V=0P A=DR A=CR A-0p
CuMP L DEVe V.. : 0. - 0. 0 ' O O 9¢064E=05 9¢064E=05 9,064E-05
UEVIATIONS "8.686E+03 640626403 2.556E+03 14306E401  4.388£+00 34151E=01 6.681t~05 1.316E~04 24397£~04
ERRORS 0.6B6FE+03 6.062E403 2,556E+03 10306E+01 443B8E+00 J3.151E=01 ' 1.082E~04 1eDGT7E=064 2.749E=04
SURSYSIEM  COMPUTER “-I+ Se Us ATT: CONT. STAR TROKR SUN SENSUR ISU/CePeSe COMe SYSTe HORIZeSENS
O OSTATUS 1 1 0 e | R R | 1 0 ' 0 0
STATION RANGE RANGE DOT 7 "AZM ELE. SUN ANG.
ASCENSTON CeBT520TBE+06 145257582F+04 7134154 8.373 1114615
MEASUREMEN|  ERRURS RANGE ELEVATION ALIMUTH "RANGE 00T
INEHRTTIAL SYSTEM 4.575809E+03 2¢556166E=03 2g3OOYb§E-03 Be262418BE«00 .
. , TPU=18 6.700000E+01 4.500000E=-04 ?:SOOOQUE-OQ =0
AFTER KALMAN UPDATE : : :
: : P=DR P=CR pP=0P V=DR V=CR V=~0P A=DR A=CR A=0p
COMP, DEVe OG.636E+03 5,993E403 2.422E+03 12926401 4.0/6E+00 2,728E=-01 9,322E=05 9¢383E~05 2,267E~04
' DEVIATIONS  0.686E403 6,062E403 2,556E+403 14306E%01 4.388E400 3.1S1E-01 6.681E=05 1e316E-04 2.397E-04
ERROKS. Fe30TE+02 141426403 B.181E+02  1.938E+00 1.624t+00 1.576E=01 1.070E=04 1.505E=04 1.687E~04
- L PARK. - s»»u1t~»~0»»9n’w»o«»««»o-»»qh«#iuq-»ualu»-'u'oua#o-a%wbo-a‘acqun,uou#»-%-#w»ope
PARK  FOR 31430 SrCe (00 OH IM214306S)
KURN FOR' 9414500 SECe
ADD RURN ERROKS ~ : : -
( 0D 0H OM  +208)

OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION

n



ESCARE 4 8 & & & # 4 & & & & & & 4 & 0 & & & 4 & 0 & & & & & & 0 & & & & 8 & 8 & %0488 6008800080800

AT 0D 0H&ZM 3.00S

T= 2523 ALT=- 1e2568513E+07 - VELL=  4.,7908635E+04 ANG= 42,609 LAT= =2844248 LONG= 479456
. B b P=DR "~ P=CR pP=0P V=DR V=CR V=-0P A=DR A=CR A=0P
‘ S COMB L pEV. =3.453E-04 0. “6,104E=0% =343726-07 0. 0, 1e975E=08 14975E-08 14975£-08
. UEVIATIONS 4.350E+403 2.958E403 -2,787E+03 9e330E+400 S.BlEE+00 5S¢319E+00 2.171E-04 2.262E-04 24533E~04
. BHRORS 4.356E+03 2.958E+403° 2,787E+03 5¢330E+00 S.8l0E+00 5¢319E¢00 2.171E-04 2.262E~04 245336-04
ATTITUDE S ROLL... Yaw . PITCH DR CR - op ROLL YAW  PITCH

X1 =e1872 =.9823  .0083 KI =.1872 =¢9823 40083 DR 1.,0000 =.0000 ,0000
Cfl meBBGS G122 «4335 Yl =.8846 <1722 44335 CR  ,0000 1+0000 =,0000
Z1  =e4272 40738 =.9011 21 =.4272 <0738 =49011 OP =,0000. #0000 1.0000

SURSYSTEM COMPUTER 1. 5o Us  ATT. CONT. STAR TRCKK SUN SENSUR I58/CePeSs COMs SYSTe HORIZ.SEN.

e STATUS GRS 1 0 0 0 1 1 0 0 0
' ATT, CONTs TURNED ON - ’ ; T
e iR P=pR _ P=CK p=0P V=R V=CR V-0P A=DR A-CR A=0P
CUMP. EV. =3.453£=04 0, ~6,104E=05 =3+3/26=07 0. 0, Te125E=03 7+125€=03 7.1255-03
CUEVIATIONS  #.3SAE+03 - 2.95HE+03 2,7B7E+03 54330400 H.8l6E¢00 5.319E+00 7+129E=03 7T4129E=03 7.130E~03
b , ERORS “¢356L*03 2,908£+03  2,787£+03 533305000 5.,816£400 5.319g+00 Zo171E-04 2.262&-09 2e233E~-04
DEADQAND UN AXT3 1 CHANGED TO 20.00000 DEG, : . :
O DEADIAND UN aXTS 2 CHANGED TO 20.00000 LEG,
C DEADRANDTON AKTS 3 CHANGED [0 - 20.00000 LEG,
STAR TRCRR TURKE) ON - T
CSUNCSENSUR JURMED ON : R -
L . peDR P=CH p-0P V=0R V=CR  V=0P A=UR A=CR . . -A=0P
COMP—DEV-e =3.453E=04 0, | =6,104E=05 =3.372¢=07 0. de 1.425€=01 1.4256=01 144256-0]
VEVIATIONS 44350E403 2.958E+03 2,787E+03 5¢330E+400 5.8l16E¢00 5¢319E+400 1.425E=01 14425601 1+4256=01
= ERRORS  4.356£403 2.9586403 2,787E+403 59¢330£400 S.816£400 543196400 2.171E~04 24262604 24533E-04
e e . . R
- BEGIN MANEUVERING O LOGATE SUN=CANOPUS - - ; . ' . o
.ESCAPE , ‘q O R I L O R R TR TR A R N RO AR A T T S S TS S O S S LR I RN TR S SR I N
COAST FOR. 900400 SEC. { 00 OHISM 0.00S)
e ANGLE BLTWEEN CELESTIAL BODIES=  97.32, BETWEEN OPTICAL AIDS= 90400
| . DEAU BANDS  SET  MaX. ' .
R T S HOLL  2Us00 64400 .

YAW Be0O He 0O
R PLICH  20.00 28.68 -
‘MANEIIVERS '
PLICH 124.634DEGe  YAW =70.0150EGs ROLL 59+8620EGe IN P00SEC.

. 4,
CESCAPE IR TRETIER R I R NPT SR TR TR SN TR AN 'SP S TR S R S S T T T T O TR R R S S O S S S S G T S P T O T

éflAr,'fon'OHsvﬂ 3.00S8 - . -

CT= 3623 ALT=  4e<8308954E+07 VEL= 4.3313231E+04 ANG= 16,593 LAT= =-29.7368 LONG=  T42506

- : ~ ‘ P=nr P=CR p-0P V=DR VECR V=0P A=DR A=-CR A=-0P
' COMPITDEYs U O SH.6326=05 0. 0. 0. T 0, 1¢418E=01 T7.036E=02 14372€-01
Coc DEVIATIONS  9.306E+03 ' T.b296+03 7,304E¢03 ~5.597E400 S.908E+00 S.085E+00 14418E=01 14036E=02 14372E-01}

ERRORS  9.306E403  7.H29E+u3  7,364E+03 5¢59TE*00 5.908E400 5.085E+400 24120504 14916E=04 24809E-04

- FIGURE B-2b, OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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S|

: e ST e fi B ERTT Y Ty gmETiToy g sy  SEE o | | et | . v P
TR L T T g Tiitonisinil] Tl L oo o [ [ ; f&”ﬁ M

ATTITULE RULL YAS PITCH UR CR oP ROLL . YAW PITCH
X1 =e232]1 L9305 =e2834. X1 =-.1224 =.9924  .0083 DR =.2123 +11i2 9709
YI «0276 =.0793 =e7745 Y1 .=e8939 <1138 <4335 CR L2079 =.9488 1673
Z1  =eT431 " =e3570 =e5656  ZI =e4312 40456 =+9011 OF  .9398 42950 4i7]6

SURSYSTEM  COMPUTER - e Se Ue  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ4SEN. S )
5 - STATUS 1 1 1 : 1 1 1 1 0 0 ‘0

IRV

END MANEUVEHRINGsHEGIN SEARCH FUR SUN-CANQPUS

ESCAPE 0%4?‘(’0“000‘0#‘)04}09“0“9‘”0909“““9“9’01)0%“*(}0'#090“4}“'#'9““““‘5'*0QQ
 COAST FOR ~ ~ 60.00 SECe (0D OH 1M 0.00S) - - E ’ , :

ANGLE BETWEEN CELESTIAL BODIES=  97+32+ BETWEEN OPTICAL AIDS= 90,00
“DEAD BANDS  SET MAX .
ROLL  20.00 64+00
YAW Ye 00 He00
PLICH 20,00 28468

S s MANENVERS

P}":CH “e«000DEGs YAW -+ 0000EG. ROLL. ‘:001‘?560 IN 60SEC,
. SEARCH FOR SUN IN 3le4 SECONDS WITH 1400000 PASSES
< S " ANGULAR RAIES (RAD/SEC)=ROLL «00001 sYAW 0400000 *PITCH  0,00000
SEARCH FOR CANOPUS I 28.6 SECONDS WITH  1.00000 PASSES . -
. ' ANGULAR RATES (RAD/SEC)=ROLL 0400000 s YAW 0400000 'PITCH =.00001
ESCApE ~*Q*Dyibﬁyfﬁaﬂ%b-#d}#%90%%%#“0%0&9%‘?9&00%G#O%OQ*#Q&Q#%OGQ“O“Q-““
AT 0D OHS5HBM 3e00S ' - :
T= 3483  ALT= 5e0B40061E+07 VEL= 443117281E+404 ANG= 15,672 LAT= =29.6689 LONG= 74.9188
: S P=iR P=CR p=-0p V-DR V=CR V=0P A=DR A-CR A=OP
‘o COMPL-DEV.  L.163E+02 3.559€+03 3,895£+03  24969E~01 2.5/5E¢00 2.533£400 14417€=01 7.0426-02 1.3726-0]
Vi . DEVIATIONS  9,640E403 B.171E+03  [,669E+03 5¢596E+00 S5.927E+Q0 S.077E+00 1,417E=01 T.042E-02 14372E-01
- ERRORS Pe622E403  T.429E%03 6,656E+03 5.589E400 5.390E+00 4.429E400 1.441E-04 1.411E=04 2.325g-04
; , ATTITULE RULL Y AW PITCH DR CR op - ROLL  YAW . PITCH
CANOPUS ACQUIRED XI  =e¢2321 49305 =.2834 Kl =.1202 =+9927 40083 DR =.2128 1133 9705

YI- 6276 =40793 =47745 Y1 =.8942  «1119 4335 CR  ,2674 =¢9486 L1694
£1  =e7431 =.3576 =o5656 LI =e4313 0647 =¢9011 OP  ,9398 2956 L1716

SUNSYSTEM COMPUIER  [e Se Us  ATT. CONTe STAR THCKR SUN SENSOR ISU/C.PeSs COMe SYSTe HORIZ.SEN
STATUS I 1 1 1 1 1 1 0 0 0

END SEARCH FUR SUN=CANOPUS

T COMPHTER TURMED UFF
Ie §. Us  TURMED OFF )
Tt 0 : P=0OR P=CR P=0P V=DRr V=CR V=0pP A=-DR A=CR A=QpP

COMP. DEVe De1636+02 "3,559k+03 * 3,895£403 2.969E=01 24575400 2.533£+400 1.4176=01 7.,042E-02 1.372E=01

DEVIATIUNS  9e040E*03 Bel/1E+03 7,669E¢03 5e596E+00 SeY2/E+00 Se0/TE+00 1e41TE=01 7e042E~02 14372E-01

FIGURE B-2c. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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ERROKS

"‘ESCM’E »»uoo0»»«»“»9&0»u»oo«»o0,90:4_»uyqqu»4&uoqpooo-ubuoauouaa.#oo‘oououo
o ; e e 1 N
'L COAST Fuw 3é517.00 SEC, { 0D 9H 1M57.00S)
m L N " : - * - -
. ANGLE BLTWEEN CELESTIAL BODIES= 97«21y BETWEEN O?TIQAL AIDS= 90.00 ¥
' DEAD HANDS  SET MAX .
L P}ULL 20600 646600
Y‘A\N Be00 . 8Be00
: PLICH 20.00 28B.79
MANEVIVERS . ) ‘ .
: PLICH .=4053DEGe  YAW  =4094DEGs ROLL  =+5]15DEGe IN 32517SEC. .
TRACKING STAR NO, 2 ’
ESCAPE “o“i)4;00uoq)“i&,%#09004&0#0#0“#““##09#000‘060#061#90000“0-0“6000
AT 0D10H 0M 0e00S : )
B 36000 ALT=  ]+3681588E«09 VEL= 9.8762677E+04 ANGS 664018 LAT= «25,6796 LONG= =369497
B R P=DR P=CR pP=0P V=DR V=CR V=P A=DR A=-CR A=0P
: TCOMP, DEVe 1l.205E%04 9.249E«04  B,016E+04 3.701E=01 2.769E+00 2¢323E+00 1e416E=01 7T.067E=02 14372€-01
. : VEVTIATIONS . LeH35E+405 2.240E+405 1,709E+05 De309E¢00 6.808E+00 . 5e027E400 1le4l6E=01 7.0675=02 14372E=-01
: , EHRORS C LeB31E*0S 2.066E+09 1,516E+05 De296E+00 60.207/E+00 4.4T5E+00 2.496E=04 24696E£-04 6.835E~04
e ATTITUVE RULL - YAW - PITCH LR CR oP ROLL YAW  PITCH
“CANOPUS ACQUIRED X1 =.233¢ +9328  =.2746 XL =e0997 =.9950 0082 DR =,2168 «1239 «9683 . -,
> - - - L Y1 w6264 - =,(0718 -ea7762 Yl -s8963 o093? « 4335 CR 2641l -e947H 1804
LI =e7437 =¢3532 ) =e5676 LI =44321 40358 =,9011 @ OP  ,9398 2948 L1727 -
' SUHSYSIE CoMPUTER Je Se¢ Us ATT. CONTs STAR IRQKR SUN SENSOR ISU/C.P-SQ COMs SYSTe HORIZ4SENe
- SIATUS -0 -0 - 1 - 1 1 0 1 0 0 "0
COMPITER TURNED  ON '
llv'S. e TURMED ON - : ot : . *
: P=DR P=CR pP~0P V=DR V=CR V=0P A=DR A=CR A=0P
-------- CCUMP, DEVs - 1e205E404 942496404  B,016E+04 - 3470101 2,709E+00 24323£+400 14416E=01 7.067E=~02 14372£-01
DEVIATIONS 148356409 2,2492+05 1.709E+405 De309E+00 ©.808E+00 Se¢027E+*00 14416E=01 T,067E=02 14372E=01
ERRORS LeB31£ 405 2.,006£+05 1,516E+05 54296£400 64207E+00 444T5E+00 2.496E=04 24696€-04 64885£-04
»ESCApgj..«'uauo“auuouuuuoooauuac‘&;«»»q-»ouu»u»o4»Quu'a»uoauuoaoca»ooouaou
- COAST FOR -~ - 1800400 SEC. (. 0D :0A30M 0.008) - - —- '
AR R someeiene O ANGLE OETWEEN CELESTIAL BODIES:-»«97.29v~BETW€§N OPTICAL AIDS= - -90.00
 ”,_“ - DEAD BANDS SET CMAK e e e e e
L e e - 'YAW 6.00 8000
' PIICH 20,00 21480
‘ PITCH  =.003DEGe  YAW  =¢00SDEG, KOLL  =+0280LG. IN 1800SEC, °
B . : - P <9
ESCApE oat‘b».obuouno4»,%na.:u.'uauau“’oouaao«u#vo&a««u»ooo»ooaamo-ﬂooqoo
AT GD10H30M 0.00S ; a :
S 3/80C ALT=  1¢4404029E+09 VEL=  1.0315087E+05 ANG= 67,105 LAT= <25,6632 LONG= =4443869 d

Ye62PE403  T.429E+03  6,656E403 SeSB9E+00 He390E400 %.429E+00 1.441E=06 1.411E~04 2.325E-04

FIGURE B-2d. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



6T-H‘M

FEETINET D e

P=iR

- A . | |
N .

N

P=CH p=Op V-UR V=CR V=0P A=DR A=CR A-0p
Comi, DEVe LeZ272E404 9,74TE+04  8,436E+06 3.7026=01 2.770E+00 2323500 1e416E=01 To06DE=02 14372E-01
PVEVIATIONS . 1e931E+05 2.3726405 1,799E405 S<30/E+00 ©.812E+00 5.027E+00 le416E=01 T.065E-02 1.372E=01
ERRORS Le921E405  20179L+05  1,596E+405 5.294£+00 ©.270E+00 o4 TOE400 3.045E-04 34212E~04 T4103E~04
, CAITITUDE 7 RuLL YAW PITCH DR CR op RoLL YAwW PITCH
CANOOUS: ATHIIRED XI =-e2335 *9329 =.2741 XI  =e0997 =e9950 «0082 DR =,2l68 «1234% 9684
NSRRI : v Yl 26264 =¢0713 =e7763 YI =.8963 <0934 «4335 CR 2041 =,9476 «1799
. L1 =e 7438 =.3529 =.5677 Zl1 ‘-Q}Zl QOBSQ -090!! opP 9398 02948 017?8
SURSYSTEM COMPUIER 1. Se Us  ATT, CONT. STAR THCKR SUN. SENSOR ISU/CePeSe COMe SYSTe HORIZ.SEN,
STATUS 1 1 ‘ 1 17 1 1 1 0 0 0
NEADHAND UN AXTS 1 CHANGED T0 «10000 DEG,
DEADRAND UN AXTS 2 CHANGED:TO " «10000 DEG, ’
DEAPDKAND ON AXTS 3 ChaNGED (0 «10000 DEG,
STATION RANGE .-~ RANGE 00T . AZm ELE. SUN ANG.
ASCEMSION'  1,44393600E409 4.0609058E+04  ~125.447 55.969 80,860
MEASUREAMENT ERROKS RAMGE ELEVATION - ALIMUTH RANGE DOT
INERTIAL SY3TEM 1.94/298E+405  1.568034E=-04 1.001109E=~04 1.228815E+01
o ySusS=30 6.700000E40)  1.780000t~03  14/80000E=03  1.240000E=01
AFTER KALMAM upDATE , ‘ _ .
' P=0R P=CR p=0P : V=DR V=CR V=0p A=DR A-CR A=0OP
COMP. DEVe  L1e931E¢05  2.330E+05 1,121E405 5.30/£+00 0.6828400 3,149£+00 7,125E6~04 74125E~04 74125E-04
‘ , CDEVIATIONS  1.931E+05 2.3/26405 1,799E+05 S«307E+00 0.8l2E400 De027E400 Te598E=04 T(eB15E=04 1.006E=53
T ERRORS 1e346E403  4.132E+04 * 1.416E+05 2,126E=02 1.24DE+00 3.941E+00 2.637E=04 34209E~04 7,103g=04
’ESCAPE ' B IR TR R S R N R R R I R A R G O S OO ;l;-o & 4 B
; 3 : -
COAST FOR 60.00 SECe (0D OH 1M 04005)
‘ ANGLE BETWEEN CELESTIAL BUDIES=  97.20s BLTWEEN OPTICAL AIDS= 190,00 ‘ e
DEAU BANDS  SET  MAX.
ROLL «10 64400
YAW «10 8+.00 ' "
. PLLCH «10 28 «80. R
T MAMEIIVERS Co ' T s -
, PLICH  =.000DEGs  YAW  =,0000EGs ROLL  =+001DEG. IN 60SEC.
ESC“pE ‘0 LR SO T IR R R T R R T K TR Y Y'Y LR I B R R U R SR R R TR R T S Y P o % 0'9 8 8 0 0 808 0w g oo
AT OD10H31M 0.00S .
T T= 376860  ALT=  1%428110E409 VEL= 1.,0329770E+05 ANG= 67+140 LAT= =25.6627 LONG= =444+6349
. , P=DR P=CR pP=0P ~ V=DR V=CR V=0P A=DR A~CR A=0OP
COMP, DEVe 1e934E+*05 2.334E+0% 1,122E+05 S5+307E+00 ©.682E+00 3.149E+00 Tai2SE=04 T 125€=04 7.125E-04
VEVIATIONS  14934E+405 2,376R+05 1:B02E+09 9S.307E+00 0eBl2E+00 De02TE+00 T+601E=04 {+828E=04 14007E=03
ERRORS Le346E203 441396404 1.419E+05 20126E=02 1.2456£400 3.941E+00 2,647E-04 3.241E-04 Tell7E=04
TR P ATTITULE ROLL YAw " PITCH DR CR op ROLL YAW PITCH
CANOPUS ' ACQUIRED XI =e2335 e932Y =.2741 X1 =e0997 =49950 «0082 OR =,2168 v 1234 09684
‘ ‘ YI 26264 =.0713 =,7763 YL ~.8903 40934 4335 CR  ,264] =.9476 1799
_ N L1 =e7438  =e3529 =.5677 21 =44321 40358 =.9011 0P  ,9398 2948 ,1728
SUASYSTEM COMPUTER  Ie Se Ue ATTe CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTs HORILoSENe
STATUS 1 ' 1 - 1 1 i 1 1 0 0 0

FIGURE B-2e. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



S AFTFR MIUCUURSE COHRECITONe RMV=

: P=DR P=CR - p=0P

| '(':()MP‘. UEV. 10934E‘O!’) 2-334&’05 1.1226’05

: DEVIATIONS  1.934E405 ° 2.376E+05 1.802E+05

] EHRNRS 14366E+403 4,139E+404 -1,419E+05

DEADKBAND ON AXTS
DEADIAND OUN AX[S
DEADRAND UN AXTS

1 CHWNGED TO
2 CHANGED 10
3 CHaNGED, 1O

20.00000 DEG,
20.00000 LEG,
20.00000 DEG,

COMPUTER TuRnED OFF
“le Se e TuRrne) OFF
ATT, CONTe. TUHNED OFF
STAR TRCKR TUHNED OFF -
SUN. SFNSURTTURMNED OFF
! e ' P=DR P=CR T Pp=0P
ComMP, DEV, 1.“346’05/H2033QE‘05 ,1-122E¢05
DEVIATIONS  14934E*05  2.376E+05 1,.,802E+05
ENRORS 1.3“6&‘03 4.139&:’0‘4

1,419£+05

ESCAPE

COART FOR 34522140.00 SECs  (399D13H29M 0.00S)

i

AT 400D 0K OM. 0.00S.

V=UR
3.949E+00
3e949E*00

2e603E=02

V=UR

3.949E+00
34949E+00

24603E-02

LIS LRI S LR R TSR AN SR R T S TR T R T TR § v()‘j L AN K RO IR A CIN LA B

TARGETY Cle 8 & & & 0 & 1% 4 & & 4 & & & 4 @ £ 6 & & & ¢ & & O ¢ & 0 & & &b

79373560€400 (FT/SEC) yDOF=1.000

V=CR V=0P A=OR A=CR A=QP
| 2.507E+00 2.544E+00 7,125E=04 7,125E=04 7.125E-04
24804E+00 4.656E+00 T 601E=04 T.828E=04 14007E-03
1e245E400 34940E+00 2.647E~04 3.241E~04 74117E=04

V=CR V=0P A=DR A=CR A-0P
2¢507E+00 2¢544E+00 7.854E=01 TeB54E=01 74854=0}
2.804E¢00 4.656E400  Te85¢E=01 T 854E-01 7T.854E~0]
162456400 34940E+00 7e854E=01 Te8545-01 7.B54¢=0]

L I T R IR NI AR TR BN - SRR TORNY - -

LR N LK R IR TR 2K SRR T B BN IR K R R T AN O Y

- T= 34560000 ALT=  24004904BE+12 VEL= 1.8816539E+08 ANG= 90,010 LAT= ~=6.5116 LONG= 15547267
" CUMP, DEVe ~ 1o132E408 - 1.166E+07 —4,779E¢07 6.974E=01 Y.007E¢00 3.435E=01 Te854E=01 7.854E~01 74B54E=0]
o VEVIATIONS  1el7BE*0B  1.5594E+08 1.210E+408 1e67BE*00 1e083E¢01 4.355E¢00 T854E=01 T4856E=01 7T 854E=01
| - S “ERRORS 303426407 "1.551E+08 1,119E+08  1.523E+00 1.080E+401 4,346E+00 T7,354E=C1 T7.854E=01 T.854£=0]
5 : [ - .
- ATTITUOE ROLL YAw PITCH LR - Cr op - ROLL YAW PITCH
i} Xl =«2335 e9329 =42741 Xi «1881 1202 «9743 DR  =43299 23738 +B6069
Y1 26264 =¢0713 =o7763 Y1 =49062 4039 1251 CR L8994  +4034 ,1683
LD =e7438 0 =e3529 =45677 LI =e3787 =¢9069 L1849 OGP =,2868 #8352 =,4693
SURSYSTEM . COMPUTER  Te Se Ue  ATT. CONTe STAR TRCKR SUN SENSUR ISU/CePeSe COMs SYSTe HORIZeSEN. i
STATUS -0 -0 0 : 0 0 0 1 0 ¢ 0
COMPHYTER TIRNED  ON
v le Se Ua o TURNED ON -
SUN SENSOR TURMED ON
memm o STAR TRORR [URMED ON v = o mme e
ATT. CONTe TuURHED UN-
Comme ’ . P=DR P=CR = - - p=0P - V=pR V=CR V=0P A=DR A=CR A=-0OP
- ; * CuMP, DEVe 1e132E408 1.166E407 4,779E+07 ©04974£=01 1.007€+00 3.435€=01 14425E=01 1.925E=01 Jo%25E=0}
T L © DEVIATIONS  1e17BE*QB - 1.554€+08 1,210E+08 ~1e67BE*00  1.0B3E+01  44355E+00 Te854E~01 7ob54E=31 T4H54E=0)
EHRORS 343426407  1.551¢£+08 145234900 4e345E400 ToBO4E=UL T4854E~01 T.8545=01

l.119E+08
© BEGIN MAMEUVERING 10 LOCATE SUN=CANOPUS

TARGKT CTe

N .

COAST FoOR IB00L00 SECe € 0D OH30M 0,00S)

FIGURE B=2f.

OPTIMIM SYSTEM ON SCHEDIITE 1

1.080E+01

9(b%(l'Q'“Q“ﬂ;“(&#()(b““w&&b““Q«“Q“Q'Iroﬂ'aﬁﬁﬂﬁﬂﬂﬁﬁﬂﬁ«ﬁﬂ'“QGOQ&Q“’Q““OQ&

-

TETULRT 9 TYUATIIATMTON €0 memte  eene AN\



1¢-4

q

CUAT 400D OH3IMN 04005

ANGLE SLTWEEN CELESTIAL HUDIES= - 76466+ BETWEEN OPTICAL AIDSS  90.00

DEAL BANDS - - SET MAX o
HOLL 20400 64400
YAW 8400 He U0

: P‘!CH 2U.0D 22.66
MANENVERS :
o P{!CH 503600EGO S YAW 503350E§. ROLL']33,476Q?G. IN 1800SECe.

'T‘ARGFTC],nit#ab(b%04!-,1&01&"0«’:0"“&90%#%0“%1?01&“00&09‘&1&4&“ﬂoﬂo%oud»doooctﬁou#o

2

AT 4001 OH3O0M 04005

T= 36561800 ALT= 2e0048474E+12 VEL= 1.8816163E+08 ANG= 90.010 LAT=  =6.5106 LONG= 1482286

P=0DR P=CR pP=0P V=0R ’ V=CR V=0pP A=DR

COMP, DEVe 1el32E408  1,166E+407 4, TROE+VU7  0ev25c=01 1.00BE+00 3.421E=-01 B,357€=02 1.

A-~CR
324€£-01

DEVIATIONS 1el7BE*0b- 1.959E¢08 1,210E+08 L1«6BIE*00 1.085E+01 4e35TE*00 7.85954E=01 7e854E=01

ERRORS 3e341E407 1.551E408 1,119E+08  1.529E+00 1.082E+01 4.349E+00 7.854E-01 7.

ATTITULE ROLL  © YAw PITCH DR CR 0P RoLL YAW

' XI =e)l192 =¢4462 8869 Xl . 1881 21202  +9748 DR =,3728 =883
YI 06H64 -60“4 03983 Yl -59Ob8 04039 olZS% CR : .9135 '04031
L1 =e7173  +6563 42338 Ll =.3/8/ "=¢9069  +1849 OP =,1630 =+2375°%

SUBSYSTEM COMPUTER I Se Us  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COM. SYSTs HORIZJSEN
CSTATUS 1 1 : 1 1 I 1 1 0

END MANEUVERINGyBEGIN SEARCH FUR SUN-CANOPUS

1

854£=01

PITCH
=.2827
« 0595
«9570

A=0p
1e391E=01
TeB854E=01
Te854FE=01

-

TARGFT cf. LN L A R L T I T T O R T R N TS O TS TSR T TSRS L 20 B K I IR RN S TR TR T LA LK N IR EE N I BEE T S VR DY QTSR TR

 COAST FOR -~ 6000 SEC. (0D OH 1M 0400S)

ANGLE SETWEEN CELESTIAL BOUIES= 76466y SETWEEN UPTICAL AIDS= 90,00

DEAD BARDS SET MAX. ,
HULL 20.00 64400 _ -
‘YAW 8.00 8-00
PLICH 20.00 22z.66
MANEVERS

PLICH  <000DEGe  YAW <000VEGe ROLL  =+000DEG. IN ~ 60SEC.
e SEARCH FUR SUN - IN- 30¢% SECONDS WITH 1400000 PASSES
S ANGULAR RATES (RAD/SEC)=RULL 02583 JYAW  0.00000 vPITCH
. | ,
SEARCH FOR CANOPYS IN 29.6 SECONDS WITH 1400000 PASSES
| ANGULAR RATES (RAD/SEC)=ROLL 00000 P YAW .02583 »PITCH

0400000

000000

Yo

TARGFT Cle @ @& @ 4 0 % 4 o0 & 6 4 4 & & 4 @ LK B AN 2 2 R AN R TR SRR e N JEE R TR TSR S Ty LA N B B R L 2 IR BN T Y S SO S Y
PR . . . . - . . . . . E .

T2 34561860 ALT=  2¢004B459E+12 VEL= 1.8816150E+08 ANG= 90,010 LAT= =6¢5106 LONG= 147.9787

PR P=CH P=0P V=DRr - V=CR ) V-0P .. A=DR

FIGURE B-2g. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

A=CR

ATOP



w

]
N
N

<

COMP, DEV. 1.166E407 4.7HO0ESO7 6.923E=01 1.008E+00

14132E+08 3.421E=01 Be35TE-02 14324E=01 1.3515~01

DEVIATIONS L1o17BE*08 1.555E408 1,210E408 1.681E400 14089E+01 4¢357TE+00 Be357E=02 14324E~01 14361E~01

ERROKS - 3e341E407  1.951E408 1.119E408  1+529E+00 1.082E+401 4.349E+400 2.526E-04 Te053E=04 2.318E~04
 ATTLIUVE RULL YAw PITCH DR " CR op ROLL  ° YAW PITCH
CANOPUS ACUUIRED S AL =e1192  =.4462 3869 XL 41881 41202  W9748 DR =~,3728 =.8838 =,2827
YI  «6864 26084 23983 YD =.9062 = 74039  .1251 CR  ,9135 =.4031 L0555
- : Ve C 0 ZL meT1T3 0 46563 0 w2338 0 Z1 =o3780 =.9069 41849 0P =,1630 =e2375 9576

SUMSYSTEH 'COMPUTER: e Se Us  ATT. CONT. STAR THCKR SUN SENSUR ISU/CePeSe COM. SYSTe HORIZSEN.
STATUS 1 1 1 1 1 1 1 0 0 0

END SEARCH FUR SUN=CANOPUS

"TARGET Cle #h a4 db k& 8 5 b 0 4k 4 30 30 4k 4 0o b dp 3 3t 40 0 4 4 4F 0 B B B S B B ® B %ot B R LA AL SN S S DN SR JEE TR

—

COAST FOR 180000 SEC. (0D OH3OM 0.00S)

© ANGLE BETWEEN CELESTIAL BUDIES= - 76466y BETWEEN OPTICAL AIDS=

VEAD BAKNDS SET MAX e -
, S RULL - 20400 64400
S e e : TAW 8,00 BeON = mme o o e
PLICH 20.00 22+66
Ty MANEUIVERS s ' SRR o :
‘ «000DEG. ROLL =+001VEGe IN

pilCH aUUUOEGt YAW

CUTARGET CTe & 4 (4 ar & 3 b fb #4844 B o2 4 % B 4 P g S & % o B &

el demee

'AT 400D 1H 1M 0.00S

CUMP, DEVae  Lel78BE+0B 1,555 +08 - 1,210E+08 1690E£+00

1.08YE«01  4,264£+00

90,00

1800SEC, C e

ﬁ%#%*#%ﬂ%%#n%ﬂ%#ﬁ%#ﬁ“g“

T= 134563060 ALT=  2+00478BBBE+12 VEL= 1.88]15780E+08 ANG= 904010 LAT= = =6.5096 LONG= 14044806 C
o . P=DR ~P=CR pP=0P V=UR V=CR V-0P A=DR A=CR A-0P
COMPL JEVe  14]132E+08 1.166E+07 4,780E+07 6.783E=01 140125400 3.3B1E=01 B.35TE=02 1.3264E-01 1¢391E-01
DEVIATIONS L1.1THE+08 1.955£+08 1,210E+08 14691E+00 1.0896401 4,364E400 - 8,357E-02 14324E~01 1.391F-0]
ERHORS 39341E%07  1.952E+06  1.119E+¢08  1e546E400 1.086E+0] 4.356E+00 3.352E-04 Te2BOE=04 2¢936E=04
N ATTITULE ROLL  YAw pITCH - DR CRr op ROLL YAW PI1TCH
CANOPUS ACQULRED X1 ~ell192 =.4463 «AA69 X1 e1lusl 1202 9748 DR =e¢3729 =+8838 =.2827
oI AN , Y1 6864 6084 «3984 - YI =.9062 +4039 - 1251 CR ¢9135 =.4031 « 0555
Z1  =«T173 46563 42338 LI =.3787 =.906% 41849 0P +,1630 =237 ,9576"
SURSYSTEM  COMPUIER 1o Se Ue ATTs CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ¢SEN,
 STATUS - I | T 1 - 1 1 1 0 0 0
DEADRAND UN AXTS - | CHANGED 10 - «10000 DEG,
DEAGRAND UN-AXTS 2 CHANGED TO- 7. 210000 DES
DEADRAND UN 4XTS 3 CHANGED TO «10000 DEG,
STATION RANGE RANGE DOT AZM ELE. SUN ANG.
CANBFRRA CeB047916E+12 =3.109G020E+04 =17-455 60,110 684370
MEASUREMENT ERRORS RANGE ELEVATLON ALZIMUTH RANGE DOT
‘ INERTTIAL 53YSTEM 1.165374€+08 3.2&11505-05 4.?793I3£-05 1.061374E+04
ol O E YT 2 =0 =0 -0 44100000E=-02 .
AFETER  KALMAN UPDATE . - - : ’
S P=DR P=CR pP=0P V-DR V~CR V=0P A=DR A=CR A=0p

7.1256-04 T.125€=04 7.125g-04

FIGURE B-2h. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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h B <

TN i i L sazis i‘m«. d

oD THEDY TR ERDED O TN I peemmy TR e goud —
'UtVIAIIUNS ;1 LT8BE+08 1. 5555008 1.210E5+08 1. H9LE*00 1. 0BYE+0] 4.364E+00 T.808E=06 1016E=03 Te694E=04
‘HRORS DeIB9E+ 0% .103&’05 9.411&*05 1 178t‘02 Se 046E=-02 d 120E=02 3 192E=04 7 279E~04 2,903E=04

xﬁ;zGFrc[.045")0{*“04}%0@00090QQ%#Q*QQQ{)“#Q*#'DGO“%##0%%99&99%&40““00'“'

Céﬂh57 FOR "60.00 SEC. { 00 OHIM 0+00CS) T
‘ LVt ANGLE UtTNEEN CELESTIAL BUDIES= Toe66y BETWEEN OPTICAL AIDS= 90,00
‘-'U&AU.BANUS,, SET MAX o
RULL 10 64400
YA <10 8.00
BT o PliCH 10 22.66 .
L O MANEUVERS . . : . , ' ‘
g R PLICH  .0000EG. <000DEG. ROLL  =+000VEG. IN 60SEC.

YAW

TAHGFTCT.4(‘041'“9“4!’”##4?#%”‘9“*#6#“9*9**QQ“Q“*QQ“‘“9“*#“0“#“9““““0“‘5@.&:’“

AT 400D 1H 21 0.00S

TS 34563/20“ALT= 2+004TROYES12  VEL= 1.8H15768E+08 ANG= 90.010 LAT=  =6.5096 LONG= 1402307
P=DR P=CR p=0P V-DR V=CR V=-0P A=DR A=CR "A=0P
LUHP OEV,  1.178E408 1.5556408  1.210E+08 1.691E900 1,0896401 4.3666+400 7.125E~04 [o125€=04 T4125E-04
DEVIATIONS  1.178E+05 14555E+08  1,210E+08 1e691E+00 1.089E+40] . 44364E+00 7.B17E~04 1e019E~03 Te707E-04
EHROKS S.959E405 941038405 9,410E+05 lel78E=02 5.0&{5-02 24121E-02 3.215E-04 T1.,290£~04 2+938E-04
' : - " ATTITULE ~RULL YAW PITCH bR CR opP ROLL YAW PITCH
CANOPUS. ACQULRED KI  =e1192 =.4463  .8869 XI .1881 +1202 .9745 DR =,3729 =-.8838 =,2827-
5 - Y1 +6864 L6084 43984  YI =.906¢ 44039  L125[° CR  ,9135 ~e4031 L0555
LI =eT}73 e 6563 «2338 Z1 "o375’ tl&‘k‘? 0P ~s1630 -0237b 095.(6 -
~ SUBSYSIEM COMPUTER . Ts Se Us  ATT. CONT. STAR TRCKR SUN SENSUR ISU/CePsSs COMe SYSTe HORIZ4SEN,
Tt CSTATUS ) 1 1 1 Tl 1 * 0 0 "0
- AFTER MIDCOURSE CORRECITON, RMV=  9,125208E=01 (FT/SEC)" +yDUF=},000
. P=Dk P=CR P=0P V=DR V=CR V-0p A=DR A=CR A=0pP
COMP. UEYe Lel78E+08 1.555E¢08 1,210E+08 2¢326E+00 140336401 4¢119€E400 74125E=04 741256=04 7,125E=04
DEVIATIONS  1e178E+08 - 1,555E+08 1,210E+08 24326400 1. 033E+01 44119E+00 7e817E=04 14019E=03 7.707E-04
ERRORS 2e959E405 . 9.103E405 9,4610E+05 1. 114&-02 5,102E=02 2.099E=02 3.215E-04 Te290E-04 938E-04
ATT. COMTs TURNED OFF L i : o i
"CUMPUTER = TURNMED OFF
ot Te Se UeT TURNED UFF
L STAR THCRR TURNED OFF
'  SUN SENSOR TURNED UFF
COMy SYSTe TURNED UFF
o P=0R P=CR pP=0P V=0R V=CR . V=0P A=DR A=CR A=QpP
" COMP, DEVe 1o178E40B - 1,555€+08 1,210E+08 24326E400 1. 033E+401 4.119E+00 74854201 7.854E=~01 7,854E=0]
DEVIATIONS o 17BE+08  1.995E+08 1.?105*08 2¢326E400 14033E401 4.119€400 7.854E=01 7. BD4E=01 7.854E-0)
ERRORS 9. 959@*05 9, 103t*05 .410&005 1:1126-02 5.102E=02 2.099€=-02 7.854g-01 7. 854E£=01 7.854g=0]

TARGFT cy. LR AR AR R I R O I R R RN * u MR A A A A R LA L A B I TR S Y T

consr Fob BY6522.00 sac. ( 100 9H 2M 2. 008) o | ‘

€z-9

‘ ]"AHGETCFQug»a#“(}b9#0‘4&”O“Q#0#9*“4}0%Q#QQO“QQ“#”“#QQO“Q“Q000“»009“%“

FIGURE B-2i. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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AT 410D10H 1 2.00%

~He-4

1= 35460&4» ALT=
~_J‘LOMP. DiEVe
VEVIATLONS

"ERHRORS

. “ATTITUOE

)
comr

 SUBSYSTEM  COMPUTER,

CGTATUS - =

COMPUTER
le S, U
ATTe CONT,

“STAR TRCRK
SUM - SENSOR

O 1SU/7CePaSe -

, S COUM, SYST e
S e HORT.Z o SENG

\ ~
L]
b, .
- - .

' FIGURE B-2j.

2e5T04392E+12 ~ VEL=

H=0R

4.1 0%E+0Y

4.105E+04

C3.Y1HE40D

ROLL
AL =el119
YI :0686
LI =117

Io Se Uo

TAKGET MISSy RMS=

b e

=6.0886

V=0P
44399E+03
44399E+03
40263E*01

LONG=
A=-DR
?po“E’Ol
T«854E~01
Te854E~01

LAT= 54976
A~CR
T.BS@E-Ol
Te854£=01]
7.854E=01

1.8630775E+08
p=0P
1.507E+08
le 50/t+08
l. 139t+06

ANG= ’99.00?
V-UR V-CR
1e680E+04 2,272E+0¢
le6d0E+04  2Z2.272E404
2eBUH4E*0]1 2.958E+01

P-CR
“8,574E+01
1. 899406
1.899E+46

ROLL YAV

-, 7448 -0607?
(6474 = 7580

~e1617 =.2382

CYAW PITCH . - DR CR opP
2 ~al& 3 oBﬂbg, XI -1142 01906 «9750 DR
4 46084 ¢3984 Y1 =.9909 -:o4a§ e1256 CR
3 .6%63 «2338 21 40710 =.9804 +1836 op

~r

PITCH
= 2768
=.0792

L9571

ATT. CONTW STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYSTe HORIZ.SEN.
S =0 =0 T =0 0 © =0 0 : 0

1.89889608E+069 DOF=14000

9063.00 SECe
90b3.00 qECQ b e eme m PR . e PO N
39057.00 SECe.
39057400 SECe = o e o -
39057.00 SECe ;
9063400 SECe - - o e o -
34563720400 SEC. ,
Qo000 SECe i sommme i i i e e W e ol Ll

)
+
— e - - ,
. - S T VU0 U S S S PR - - > [
) L]
B T T L U P IN .. - -

OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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AR o V‘j 7] 13 53 BT L: z Nmm‘i:;' o : ;"“"i"i P KR |
ISU COMPONERNTS E
‘ ACCELEROMs=  GG=177 S GL=117 66=177 GYRUSCUPES= 18=IRI6-B  1B-IRIG~B  18-1RIG-B
CISU DATA(HOKIZONTAL DESIGN NUMBER 5 OPTIMUM) ON TIME (HR)= 2,517
| OUISTDE DIMLNSTONS WELGHT - - - ST WEIGHT EXCIToENERGYS 108,001
LENGTH= 10.200 BLOCK= 54407 INSULATIUN= 1.019 EXCITePOWER = 424500
W1lDTH= le500. BASE= ‘34540 ELECYRONICS= 10.000 TO‘{AL PeFAIL= « 00062
HELGHT = 44610 COVER= 20171 COMPUNENTS= 44500 TOTAL WEIGHT= 264637
ISU THERMAL ANALYS1S )
‘ ‘ - MAX<HEATER PUWER=S 96.525 MAXe THERMAL COND.= | 241450 TOTAL ENERGY=" 174,274
MINeHEATER POWER=S =.000 MINeTHERMAL CONU.= 1.0725 TOTAL POWER = 139,425
 SUHSYSTEM PARAMETERS - | _
COMPUTERS . STAR TKCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZeSEN,
SIGN TLI ITT=LUNLOB. - ADCL=1402 NONE  MCR=503 NONE
TIME= L Re51l lo.nay 10849 04000~ 96014033 0000 0.000
ENERGYS 269.512 86.793 54.246 0.000  33603,617 0000 0,000 TOTAL ENERGY= 34036,168
POAER= 115000~ 84000 54000 04000 34500 0.000 0,000 TOIAL POWER =  131.500
PLUFATLE S00045 «00012 «00011 ' 0400000 09155 0400000 0.00000 TOTAL P.FAIL= «09216
WEIGHT= 27000 7.000 24000 0000 3.100 0000 0.000 TOTAL WEIGHT= ~ 39,109
ATTTTUDE CUNTROL SYSTEM ANALYSIS ON TIME (HR)= 10,849
THRUST STZING (LB) FUEL CUNSUMPTION (LB=SEC) '
_ I ROLL YAW P1TCH> ROLL YAW PITCH -
0 SOLAR PRESS SU00Y «0000 <0000
COMET L TMPACT= L0000 «0000 <0001 SLARCHING= 4,0598 243060 . 40007 ,
CUMANFUVERD = 2 009Y «U099 20099 DEAU BaNL= «0001 4445 2560 T
MINCOURSE = 0000V 3778 J3778 MANEUVERS= $2193 «1547 01917 TOTAL ENERGY= 108,492
MAX  THRUS 1= <0099 «3TTB . L3778 CTOTAL IMP= 64,3392 249052 $4486 TOTAL POWER = 10.000.
: ' ‘ g ) _ . TOTAL PFAIL= 00278
NO. OF FIRINGSS 22446 TOTAL IMPULSE= 7.6928 FUEL WEIGHT= - ,137372 TOTAL WEIGHT= 21.215
ENERGY SQURCE NATA | ‘
~ TOTAL POWER=  280.925 TOTAL ENERGY= 34316.934 TOTAL WEIGHT= 1164119
WIRING ‘ ‘ . TOTAL WEIGHT= 110,000
- MIDCOURSE EMGINE :
EXPECTED LELTA=-V= 74430 DOF=1.000 CAPABILITY= 132957 TOTAL WEIGHT= 244377
PENALTY SUMMATTON ~ PROBABILITIES WEIGHT
B INSUF «MIDCOURSE FUEL= +06051 ASTRIONICS=  331.448
. EACESSIVE TGTe MISS = 0,00000 SPACECRAFT= 1668.552
UNRELTABILITY = .« 05525 TOTAL= 2000,000
ASIRIONICS TOTAL = ,15000 ~
~ b : , PENALTY (MODE 3)= 331444832

| ERECUTION TIMES, SIARI=B08.04, END=836.33, ELAPSED=28+288(SECs)

. sT-d .o

FIGURE B-2k. OPTIMUM SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



PENALTY (MODE 3

ERRNKR ANALYSIS (SCHEDULE NO. 1)

)

o2
[l\') LAUN'CH '(to1&#o“‘000«»&%'4)6#1&%00—0%G-#‘QQQ#%l»%%-dto-(b%%##%»#d-#60000-0#0-0“-6#&9
= ) . . A S LD T . .
TAT oN OH OM. (Le01DS S . : S - :
1= ‘ 0 ALT= =4</683710E~07 VEL= 2.3196861E+02 ANG= 90,000 LAT= 2845000 LONG= =805000
- R : P=0DR P=CR pP=0P V=0R V=CR V=0P A=DR A=CR A=0p
. COMP, DEVa Ve, : D¢ v 0. OQ 0. : Ue ‘ 0, 0. Oe
B L L R LT oSN UYL e l’Evln1 I()NS .Q. - ..7'0 - - emp e 0. W e o.. . 0. . U. . 0. o. 0.
‘ ERRONS 90 . De ) e 0'_ Oe i O : Oe 0. O
smeee et SUBSYSTEM  COMPUIER Ie Se Ue ATTs CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYSTe HORIZeSENe
STATUS i 1 0 0 1 0 0 0 0
»»»»»»»» COM, SYSTe TUHMED ON I - . . ‘
« 3 ‘ P=DR -~ P=CR pP=0P V=DR V=CR V=0P A=DR A=CR A=0P
S TCOMP, DEVe  Ue o D - S 0. 0. 0. 0. 0. 0. 0
o DEVIATIONS 0. ‘ 0e 0. 0. 0o e O. 0. 0
EHRORS Ue - o Qe e Qe 0e ~ 0e 0, : Ve 0, Oe
‘Lt‘\UE.ch cv'»,o4&4&#9oaliuuuao»»oaooau.u.o»aao#aaauaooo.oo‘oaoo'oaoavao‘u*xooa-o
© BURN FOR 509,000 SEC.
ADD- BURN  ERRONRS . o
- = _PARK  FOR 935.00 SEC.- - 0D O0H15M3%.00S) -- -
*""""',"'PARK' aaouo%ubauuoa«-o“ouaau&b““o&oob%##»#%bﬂ0uoooqbvouaauooboo'aapoo
mer AT 0D OH25M 0.005 SRR : |
SR § 1500 ALT= 6eUT61100E+05 VEL= 2.4239262E+04 ANG= 90,000  LAT= =5.7054 LONG= =7.0921
St e AR P=DR - P=CR P=0P - - V=DR -~ V=CR V=0P A=DR " A=CR A=0p
e C‘OMP. DEVe— Us o : 0 : 0 Qe O Oe ?03445“04 2';‘)44E“04 2e344F =04
e e © UEVIATIONS  1.018E+04 " 6,901E+03 3.395E403 1.511E+01 4¢549E400 6.605E~01 1.590E=04 4«099E=06 3¢189E=04
: : ERRORS Le01BE+04  6,901E+03 3,3956403 1eS11E+*01  4¢589E+00 ©.405E=01 -2,717E~04 4e653k=06 44723E-04
iR SU4SYSTEM COMPUTER - Is Se U, ATT. CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTs HORIZ.SEN.
o STATUS .. ] ) S 0 0 . : 0 1 1 0 0 0
~ STATION RANGE RANGE DOT AZM ELE. SUN ANGe
CASCENSTON  2487S20TBE®06  1.9257SH2E+04 73154 8.373 111615
CMEASUREMENT ERRORS __RANGE ELEVATION ALIMUTH "RANGE DOT
e T . INERTIAL SYSTEM  S5.477570E+03  2.940241£~03  24722631E~03 Y.645061E00
# ; L : TPU=18 "6.T7T000UV0E*01L 4¢500000£=04  44500000£=-04 =0,
Comrnem e AFTER KALMAN UpDATE ey R
‘ ‘ R ' P=DR P=CR p=0P V-DR V=CR vV=0P A=DR A=CR A=0p
R TR . COMP, DEVe 10138404 6.806E+03 3.7290E+03 1e499E+01 4.245E+400 De641E=01 2.526E=04 3.178E=046 3.638g=04
: "o CDEVIATIONS™ 1e01HE*04 6.9016+03 3,395E+03  1e511E+01 4,549E+400 60405E=01 1e590E=04 4e099E=04 30189E~04
R SR ERRORS o4 THE*02 141426403 B.3TTE+02 1.944E+00 14639E+00 3,035£-01 2.632E~04 34495E~04 3.332¢-04
a— PARK i.uoouuﬂ'o'u’o&u»uuuouuu{x—»%ku%ow»,ﬁfﬁ*aoauo*uoaou,éqouaowchuanu

- PARK  FOR Ble30 SECa (0D OH 1M21.308)
BURN FOR' = 9414500 SECe
ADD PUHNTERRONS -

COASY FOR

<70 SEC.' (! 0D OH OM  +20S)

T s v e SR

e beeedd  bed

—

Pomwnd o] fusmed

FIGURE B-3a. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION
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 ESCARE

:  E$cADE‘

0N 0H4Z21 . 3.005

L R T O R LN JOE T S TS TG S TS

AR L AR RN I 2 R TR RN T O T S ST - S TS O TSy

1= 8923 -ALT=" 1e2968%13E407 C VEL=  4.7908635E+04 ANG= 424609 LAT= =28B.4248 LONG=  47.9456
S e P=0R’ P=CR p-0P V-DR 7 V=CR V=0p A-DR . A-CR

COMP, DEVe =34493E=04 0. =1,221E=04 =3.372e~07 O, =1.192E=07 S5.108E=08 5S.108£=08
(LEVIATIONS  405058+03  6,047E+03 -5,218E403 Se371E+400 1.386E+401 1.069E+01 06.187E=04 S¢227E-04
S ERROPS 4eB05EY03  04047e+03  5,218E+03  S5e371E+00 1.3866401 1.069e+401 6,187E=06 S.227£-04

ATTITULE - RULL YAw PITCH < BR- Cr op ROLL YA PITCH

X[ =e1872 -e98423 «0NB3 X1 -«1872 -e9823 «0083 DR 1.0000 =-+«0000 « 0000

YI  —eBH4S elr2¢2 e4335 T Y[ ~.yB4b 1722 «4335 (R <0000 10000 =~,0000

ZL =e4272 L0738 =.9011 ZI =.4272 0738 =.9011 OP =40000 «0000 1.0000

SUHSYSTEM  CAMPUTER Te Se Ue ATT. CONT. STAR THCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZGSEN,

STATUD 1 1 0 0 0 1 1 0 0
ATT, CONT-e—TURNED ON - -

‘ B P=0OR .. P=CR p=-0P V-DR V=CR V=0P A-DR A-CR
COMP, DEVe =3.4536~04 0. =1.221E=04 =3.372E-07 0. =1,192E~07 74125£=03 7T,125E=03
DEVIATIONS  4o50BE+03 6.047E+03 5.218E+03 543716400 1¢386E+0]1  1.009E+01 74152E=03 7Tel44E=03

S ERRORS 225056403 6,047E403  5.218E403 9¢371E+00 1.380£401 1.069E+01 6.187E-04 5S.227E=04

CDEADBAND ON AXTS 1 CHANGED 10 2000000 DEG, . ;

DEADRAND OW AXTS 2 CHARGED TO 20.00000 DEG,

DEADRAND OUN AXTS 3 CHANGED 10 20,00000 DEG,

STAR TRCKR TuRkNED ON ; ‘

SUN SENSOR TURNED ON

, P=DR P=CR P=0P V=DR V=CR . V=0P A~DR A=-CR

COMP, DEVe =3.4%3E=04 0,  =1.221E=04 =3.372E=07 0. =1.192E=07 1,425E-01 l.425€=01
DEVIATIONS  “o505E+03 6,047E+03 5,218E+03 D¢371E+00 1+3B6E+01 1.069E+01 14425E=01 1+425E=01
" ERRORS 4e505E+03  6,047E+03 5,218E+03 93716400 6.18TE=04 5¢227E=04

1.386E+01  1,069g+01

 BEGTN MANEUVERING 10 LOCATE SUN=CANOPUS -

.

e T B L T S S S S S
COAST FoOR . 900.00 SECe (0L OH15M 0.008)
ANGLE BDETWEEN CELESTIAL BUDIES= 97+32y BETWEEN OPTICAL AlDS= 90.00
BEAU BANDS  SET MAX e .
RULL 20400 64400
YAW 8400 Re OO
PLICH 20400 2H.68
B MANEVIVERS
b . | PLICH 1244634DEGs  YAW =70.0150EGe ROLL 594862UEG. IN 900SECs
: ESCAPE I S e N R E R E R

12-4

0D OH57M 3.00S

443313231E+04 ANG= 16,593 LAT=

T= 3423 ALT=  4eb308954E+97 VEL= =29.7368 LONG= 7442506
: o P=DR P=-CR . P=0P V=bR V=CR V=-0P A=DR A=CR
' L COMP . DEVe =04905E=04 - 0, : =2.441E=04 =34372E~07 =2.107E=08 =1.68bE=07 1.43iBE=01 7.036E=-02
' UEVIATIONS = 944126403  1.B36E404  1.445E404 54765E+00 14410E+0] le012E+0]1 1441BE=01 .7.036E=02
Fe412E403 1.836E404 1,445E406 5.765E400 1.410E4+01 1:012E+01 6,046E=04 4.582E-04

hRRoRS

FIGURE B-3b., AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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A=OP
54108£-08
5. 799E=04
SeB00E~04

0

A=0pP

Tel25E«03
Tel4GE=~Q3
SQBOOE-O‘

-~ A=Qp

104255‘01
1+425E=0)
5,800E=-04

e

LB I - B -

RN T - S S TR )

A=0pP
1e372E-0]
10372E‘01
6.581E‘04
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CATTITUDE

ROLL
Xl =e2321 -
- YI 0462776
L1 =al43)
& I b
o - SUASYSTEM  COMPUIER - Ta Se Use
@  sTATUS 1 1

R :

ESCAPE

- - [COAST FOR -+ 60400 SEC.

il

YAw
29309
=0793
‘-;3576

PITCH

LR CR op
=e2834. Kl =e1226 =.9924 « 0083 bR
-.7745 TYI --8939 01135 -4335 CR
=e5656 L1 =e4312 @ +0456 =~,9011 opP

ATT, CONT. STAR TRCKR SUN SENSUR ISU/CePeSe COMe SYSTe HORIZ.SEN

1

‘(W'oo OH LM 00008) o+ ooom e

I 1 1 1

EnD MANEUVEHINGYREGIN SEARCH FOR SUN-~CANOPUS

5¢7TBOE+00

ROLL YAW PITCH

-.2123  +1112  ,9709

02679 ~e 9488 01673

e 9398 0295? QIT;Q
0 0 “Q

'%Q“ﬂ“'“(b#%Q#'“0%“4&%#9#“‘l‘~““QQQ“~%6a“§6“~9-§'#.“~0~0¢9“Gﬂﬂvﬁb'#0--§~9'99Q~0

ANGLE BLTWEEN CELESTIAL BOUIES= 97432, BETWEEN OPTICAL AIDS= 90400
- = < . UEAUL BANDS  SET  MAX.
RULL 20400 64400
Y Al Y U0 Be 0 0
- : PLICH 20.00 2b.68 ,
AU e e AMEIVE RS ’ ) i . . . ] . -
. T PLICH  =.000DEG.  YAW  =.000UEGs ROLL -=+001UEG. IN 60SECs
 SEARCH FOR SUN IN  35.6 SECONDS WITH  1.00000 PASSES |
SRR A S T B “t CANGULAK -RATES (RaAD/SEC) =ROLL G.0C000 sYAW - 0400000 -~ »PITCH =400002
; ~ SEARCH FOR CANOPUS IN 2444, SECONDS WITH 1400000 PASSES -
i : S ANGULAR RATES (RAD/SEC)=ROLL- 000000 - s YAW 0.00000 *PITCH =400002
gt .
"ESCAPEY' PUREF "SR | N S f [URER PIE AR R I R UK (AR 2EE VIR SRR R IR A # L BN R B I - ;.0 LR I R T R 2N N NN URNY SRR NS CREE - B BTN K
AT 0D OM5HM 3.00S . , : :
T3 3483 ALT=  SeUB4O00OLE+Q7 VEL= 4.3117281E+04  ANG= 15.672 LAT= =29.6689 LONG= 7449188
S f P=nR P=CR pP=0P V-DR V=CR V-0P A=DR A=CR A=0P
CUMP, DEVe Le3S6E*03  1.29BE+04  1,242E404  1.04TE+00 9.500E+4056 B,169E+00 14417E=01 T.042E=02 1.372€-01
UEVIATIONS  Z4746E+03 1,919£404  1,506E+04 5.780E+00 1.414£+01 1,0106401 1.417E=01 7.042g=02 14372g-01
ERIORS Fe6STE*03  14646E+04 9./166E403 5e684E+00 1.009E+01 6,313E+00 24048E=04 2+096E~U4 44199E=04
S ERn ATTITULE CROLL YAW - PITCH i OR CRr opP ) ROLL - YAW PITCH
~ CANUPUS  ACUUIRED XI  =e2321  .9305 =.24834 XI =.1202 =.9927 <0083 DR =.2128 +1133 .9705
O B o Y1 {62’6 o093 «o7745 - YI -08943 :1119 «4335 CR 2674 -e9486 .1634
L ’ 21 -o 7431 =.3570 -«5656 1 '14313' :044? ’090;} oP .9398 !2959 01716
| SUHSYSTEM - CHMPUTER I. S¢ Ve  ATT. CONTe STAR TRCKR SUN SENSOR I§Q/C.P.§g COM. SYSTe HORIZ.SEN.
STATUS 1 S 1 1 1 1 : 1 0 0 0
. END SEARCH FUK SUN=CANOPUS -
COMPUTER  TURNED OFF
~Te $. Ue  TURNED OFF
' ' ; P={1R P=Cit p=0P V=Dk V=Ci vV=0P A=DR A=CR A=0OpP
COMP, BRVe 1a356E+03  1.298E*06  1,242E+404 1e047E+00 9o500E+00 B84169E400 14417E=01 Te042E~02 14372E=01
DEVIATIONS 9.146&#03~—l.919£*04-'1.506E004 1e414E+01  1e010E¢01  14417E=01 - 74042E=02 14372E-0)

'FIGURE B-3c. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continuéd)



ERRORS 70657403 1.446E+04  9,166E403 S.6H4E+00 1.069E+01 6.313E400 2.048E=04 2.096E=04 44199E=04
ESC’-’{F’E oo-;p.»oﬂo#i){‘04#4#4&04&977#4}0#00&009#%{)“%’9‘}“*9\‘1-5043#'0090‘(&“#‘99490”
COAST FOR 32517.00. 5£Ce (DL 9H 1M57.00S)
L ANGLE WETWEEN CELESTIAL BODIESs  97.21, BETWEEN OPTICAL AIDS= 90,00
. - s e - ; o
 UEAlU BANDS  SET MAX..
N . RULL 20400 64400
YAW 8400  He00
s PLTCH 20,00 28479
. MAHNENVERS : .
ST R e PLICH = -=.053DEGe  YAW ~'=,094DEGe ROLL  =+515DEG. IN .32517SEC,
- THACKING STAK WO. 2
E’SCVAPE"“ "“04?““":'%vﬂ"u'#"‘:9»%0.0“)0%%6%'&#0#0.0#Qfﬂﬂvﬁ'o0*##%%9&00009000660‘;}006
CAT OD10H UM 0.n0S oo o
T= 1 30000 aL7=  1+36B158BES0Y VELE 9.8762677E+04 ANG= 00,018 LAT= =25.6796 LONG= =36+9497
P=NR P=CR P-0P V=DR, V=CR V-0P A=DR A-CR A=QPp

T CUMPL DEVe 5.115E+404  3,503C+05  2.644E+05 146076400 1.054E+401 7.710E400 1.416E=01 7.067£=02 14372E=01]
VEVIATIONS 1 979E405  5.317E+05  3,985E405 Se787E*00  1.606E401 . 9e966E400 1e416E=01 Te067E=02 1e372€-0]

ERRORS 1.90BE+*0S  4,004E+05 2,209t405 54559400  1.230E+401  6.569E+00 2e496E=04 2.690t-04 64885E=04
« | ATTITUDE ™ ROLL  YAWw  PITCH "R R oo ROLL YAW  PITCH
. CANOPUS ACQUIRED XI  =e2334 49328 =42746 X1 =.0997 =e9950 <0082 DR =,2168 +1239 9683 . .-.
Ly YI 6264 =,0T18 =.7762 Y1 =.8963 0934  ¢4335 CR 2641 =.9475 L1804
ZI "'07437‘ =-e 3532 "’05676 21 =e4321 30“358 -0901} y opP 09398 e 29408 0172? -~

.

SURSYSTEM  COMPUTER e Se Us  ATT. CONTe STAR TRCKR SUN SENSUR ISU/CePeSe COMa SYSTe HORIZeSENS

STATUS “0 -0 - : 1 : 1 1 0 1 0 0 "0
COMPIITER TURNED ON ; . -
; Ie So Ue  TURNED ON SR - ‘ , .
i : J PR P=CR p=0P VeUR V=CR V=0P A=DR A=CR A=0OP

- COMP. DEVe De1156404 3.503E405 2,644Ee05 14607E+00 1.054E+01 7.710E400 1.416E-01 7+067E=02 1.372E-0]
S e WEVIATIONS  1.97SE405 © 5.317E+405  3,3B5E405 5.787E+00 1.606E401 9,966E400 1s416E=01 7e067E-02 14372E-0]

i ERRORS LeG0BE*0S 4,004E+05 2,209E405  5.559E+400 1,230£401 6.569E+00 2.496E=04 2.696£-04 6.885E~04
ESCAPE B 9;» L R A TR A T u“o I T T o % o
COAST FOR ~  1800.00 $:Ce (0D 0H30M 0.00S) '

AMGLE BETWEEN CELESTIAL BODIES=  97.20, BETWEEN OPTICAL AIDS= 90,00

NEAU HANDS  SET MAX o
RULL 20.00 64.00
YAW 8,00  8.00
; o PIICH 20.00 28480
5 MANEUVERS - R coa o
: PLICH  =.003DEGe  YAW  <,00SDEGs KOLL  =+028BUEG. IN 1800SEC.

ESCAPE - R A T B B T T S S T PR LI S
3 . : - , A . . . . .

62-9

B AT OD1OH3OM 04005 et ' - )
‘ ‘ T= 37800 ALT=  1s4404029E+409° VEL= - 140315087E+05 ANG= - 674105 LAT= =25.,6632 LONG= =44+3369

FIGURE B-3d. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



T e T R e

P=DR

A=-Qp

”~

P=CR pP-0P V=DR V=CR V=0pP A=DR A=CR
COMP, DEVe  D3404E+04  3.693E%05 2,7H2E+0D 1.608E+00 1.094E+0] TeTI0E+00 14416E=01 7Te065€=G2 14372E=01
DEVIATIONS . €40T9E405  S.606F+05 3,505E+405 Se786E*00 1.607/L+0]1 9,966E+00 14416E-01 Te065E=02 14372E-01
- ERRORY 2e008E*0S  44.286E+0D 2,327E+05 De5S58E*00 14231E+01 b6.5TIE+00 Se158E=04 9e257TE=04 Be232E~-04
s e e .
S : Co P ATTITUVE S ROLL YAw PITCH DR CR - 0P ROLL YAW PITCH
« CANOPUS  ACWUIRED XI  =.2335 9329 =.2741 XI  =a0997 =¢9950 «0082 LR =,2164 01234 «9684 v
- Lo Vo , Yl 6264 =o0T7T13 =oT7763 Y1 =.d963 2« 0534 4335 CR 02041  =e94T0 01799
21 =el438 =.3529 <.5677 Ll =e4321 20358 =¢9011 opP 09398 02948 1728
SUHSYSTEM  COMPUTER 1. Se Us  ATT. CONT. STAR TRCKR SUN SENSUR ISU/CePeSe COMe SYSTe HORIZeSENs
STATUS 1 1 = 1 1 1 1 1 0 0 ) 0
DEANRAND UN AXTS - 1 CHaNGED TO « 10000 DEG, - )
- = DEADRAND UN AXTS . 2 CHANGED.TO «10060U DEG, : , '
,‘thADHAND;UN AXTS 3 gﬁﬁNbEn 10 «10000 DEG,
STATION & RANGE - RANGE DOT AZM ELE. SUN ANG.
ASCENSTON 1,4639360E+09 4.0809058E+404 =1254447 55,969 = 80.860
: MEASURLMENT  ERRUKS RANGE ELEVATION . ALIMUTH RANGE DOT
s R INERTIAL SYSTEM  2.096991E+05 = 3.,004B11E=-D% 1e38429(E=~04  2.314961¢401
e T USesS=30 6.7T00000E+01  1.780000E=03  14780000E-03  1,240000E-01
AFTER KALMAN UPLATE o ‘ -~ :
. : P=NR P=CR pP=0P V-UR V=CR V-0pP A=DR A-CR A=QP
aie COMP, DEVe €o079E€+05 5.551E£+405 3,045E+05 5.78B6E400 145908401 B.517E+00 T4125E=04 To1256~04 7:125£-04
, UEVIATIONS Z2e079E405 5,606E+05 3,565E405 bLe7865+00 14607E+01 9.966E+00 8.018E=04 8+846E=04 1.086E-03
Tl s ERRORS "1 BBAE+03 - 5.785£+04 1.,984E+05 24134£=02 1.743E¢00 5.5255+00 3,677E=04 5¢262E=04 B84198£-04
-ESCApE.Jw-‘-Va“oao*fakr’-u»‘oav»a4»*»aou,uaao{sqaaaao#-u»c6«»nu»oqaauououeo-#-;';'-ooo»
COAST FOR = - 60400 SEC. (0D OH IM 0.00S) |
'  ANGLE BETWEEN CELESTIAL BUDIES=- -~ 97«20+ BETWEEN OPTICAL AIDS= 90400 » ‘o
"WEAD BANDS - SET - MAXe - - - -
ROLL 10 64400 .
Yaw <10 -~ B8.00 - '
: ; PLicH e10 2H.80.
- - ._,MAP’E|}VE"S S - - . 1 [P - . .
| PLICH  =.000DEG.  YAW =.0000EGe ROLL  =e00lUEGe IN 60SEC,
‘ ESCA&E : A I A R R I R B R I 2 L IR T R T R SR T TGN S TSY - S G G S G O O S O ST St
,}1 0N10H3IM 0.00S ' i
et R 37860 ALT= - 1«442H)10E+09  VEL= 140329770E+6S ANG= - 67140 LAT= =25.6627 LONG= =44+6349
R - o P=DR P=CR P-0P V=0DR V=CR V=UP A=DR .+ A=CR A=0P
e R COMP . OEVe 2,083E+05 5.561E+05 3,050E+05  S«TRO6E+D0 1.5?05‘01 Be517£+00  7.125E=04 701255‘04 Tel25e=04
! * DEVIATIONS 2.083E405 $S.616E+05 3,571E+05 Se786E+00 1e60TE+01 9.966E+00 B40SLE=04 Be923E-04 140925=03
~ ERRORS 1.BB4E+03 5.795E+04 1,98BTE+0S - 2013402 14743E400 5.525E+00 3.7456=04 5.371=06 B4279E-04
. o ~ ATTITULE ROLL YAW  PITCH R . CR P RoLL Y AW PITCH
CANOPUS ACWULRED . XI =¢2335 «932Y =e2741] X1 =e0997 =49950 « 0082 DR =,2168 e 1234 Y684
. Y1 062()"0 - 0713 ‘~e 7763 Yi =.8963 0093‘9 «4335 CR 2641 -e5476 01799
L R N ZI =«7438 =.3529 =45677 ZI =¢4321  +0358 =.9011 0P  ,9398 +2948 ,1728
.j . SURSYSTEM COMPUIER  Tes Se Ue ATT+ CONTa STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZWSEN,
bt STATUS ) Ll e ] 1 1 0 0 -0

FIGURE B-3e. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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BESNS @ Ll T e O S e S S T S e - T . TR B R

' AF]‘EQ MIUCOURSE CORRECT JUN, RMV= 1.592339E+0] (FT/SEC) 9DUF=1.000

: P=DR - P=CR p=0P V=-DR V=CR V=-0p A~DR A-CR A=0P
COMP, LEVe oQBIE+0S! S,561E+405 3,050E405 Se725E400 44316400 T.430E400 7To]256-04 14125€=0646 74125E=04
VEVIATIONS  €.0B3E405 5.616E+05 3,571E405 57255400 4,7496+400 8,9/70E+00 Be050E=04 B8.923E=04 1.092£=03
; ; EHKORS 1oHBAES03  S.TYSE04 -1.9BTE+0S 34415E=02 1.742E400 55256400 3.745E=04 5.371E-04 8e279E-04
SR DEADRAND UNSMATS 1 CHANGED TO 20400000 DEG. ) o ‘ '
DEANKAND: UN AXTS 2 CHANGED 10 20.00000 LEG,
DEADRAND. UGN AXTS 3 CHANGED. [0 20000600 ULEG,
CONPNTER TURNED OFF
Ie S t)a TURMED - OFF
_AT1. COMTe TURMED UFF
T S TAR TRCKH O TURNMED QFF : ) ’ o Lo m
‘ SUM SENSOR TURNED OFF
: , ' ‘ P=DR P=CR pP=0P ;IR V=CR V=0P A=DR A-CR A=0OpP
COMP. DEVe €o0BIE4UL~ 5,5615405 3,050E405 Se725E400 4.318E+00 Te430E+00 TeBD4E=01 T+854E=01 T4B854E-01]
CDEVIATIONS  €.083E+05 5.616E405  3.STIE405 5¢725E£400 4.749E400 8.970E+00 7.854E=01 TJBS4E=0]1 74854E=-0}
ERRORS . 1.BB4E+03 S5.795E404  1,987E+05 3.415E=02 1,742E+00 5.525E+00 Te854E=01 Te854E=01 7,854£=0]

‘:ESCAPE ; ¢5¢‘().01'0”04)“0(}#‘4}%%1!0#9##“QD#,Q%QQQQQ‘H’*Q9-%~9v#¢¢“-»‘“04b0§00§0QQOQ

" COasT FUR 3452¢140.00 StC. (399D 13H29M O.OOSTMW‘““*"
’ TARGEf CTe st 3 4 & ¥ & & % & 4 @ 9 ¥ 8 48 & 4 2 € @ O & # & % & @ oA AL I B R R TR B TR TN T GO

AT 400D 0H UM e 00S . S
T= 34560000 ALT= 2+0049048E+12 VEL= 1,8816539E+08 ANG= 90,010 LAT= "=6.5116 LONG= 15547267
P=DR P=CR ™ pP-0P V=UR V=CR v-0P A=DR A=-CR A=0p
o o COMP. DEVe 1a62RE*0B © 1.750E+07 1.198E+08 1.088E£+00 30058E+00 1.056E400 T.854E=01 [.854E=01 TeB54E=01
. DEVIATIONS 1.678BE+08  24171F+08 1.910E+08 24404E+00 1e5€0E+01  64120E#00- 7.854E=01 7¢854E=01 7T4854E=01
e s e ERROKS “eOBSE0!  24173£408 ° 1,568E+08 24134£+00 1.514E+01 6,090£+00 Te854E=01 7.854E-01 7.8564£-0]

ATTITULE TORULL U YAW  PITEH OR CR oP . ROLL YAW PITCH

B , , ~ ' XL =e2335 49329 =.2741 X1 1881 21202 9748 DR =,3299 3738 8669
R : YI  e6264 "-,0713  =47763 Y1 =.9062  +403% 41251 CR  .§994  +4034  ,1683
A Z1  =e7438 =+3529 =.5677 ZI =.3787 =49069 1849 0P =,pH6p +8352 =,4693

SUASYSTEN  COMPUTER  Te Se Us  ATT. CONTe STAR TRCKR SUN SENSUR ISU/CePeSe COMs SYSTe HORIZeSENe

STATUS =g -0 0 0 0 0 1 0 0 0
COMPUTER TURMED UN ' ' .

Ie So Ue ~TURNED-UN - : — .
SUN SENSOR TURNEY ON
“STAR TRCAR TURNELD ON
ATT, CONTe TURMED ON )
R . P=DR ~ ©  P=CR = p=0P - -~ - V=DR V=CR V=0p . A-DR A=CR A=Op
Comp, DEVe  14628E+08  1.750E+07 1,198E+08 1.088E+00 3,058E+00 1,058E400 1.425€=01 1,425E=01 1.425E-0}
l)tVIA']I()NS la67RE* QB 2.17T1E+08 "1.910E+08 - ZO‘QOQE‘OO 1.5?0‘:’0} 6e120E+00 7.85‘}E'01 7.851’,5‘-01 7.85[‘6_01
ERROKS 4e6B5E+0/  2.1T3E+08  1,568E+08 24134E400 1.514E+01 64090E+00 T.854E=01 7.854E=01 7.854E=0]

BEGIN MANEUVERING TO LOCATE SUN=CANOPUS

]
v L]

TARGET CTe ¢ & 3t & & % 8 & & & 4 & & 0 4 3 ¢ 4 4 % & € 8% - & & & 4 & & & & @ LA S AL B N R 2 R R R S GO Y

1€-4

COAST FoRr . 180000 SECe ( QL OH30M 0.00S)

FIGURE B~3f. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)




ANGLE BLTWEEN CELESTIAL BODIES= 764662 BETWLEN UFTICAL AIDS= 90,00
o DEAD BANDS - SET - MAX.
1 HOLL 20400 64400
N , TAW . 8400 " 8e00
A ' PIICH 20400 22466 "
N - . . MANE‘,VERS - R - . - e .
PLICH ~ 9.360DEGe  YAW  5.335DEGe  ROLL=133¢475UEGs IN 1800SEC,
TARGETC].ﬂn0}0‘&91}*‘%lbﬂ#bﬂu##%#'#%%QQ»QQQ%b’na#Q%%Q0%%9“060060““009%96#
AT 400D 0H3OM 0.00S . - - e -
ST TE 34551800 0 ALT=  2+6048474E¢12 VEL= 1.8816163E+08 ANG= 90.010 LAT= =6.5106 LONG= 148.2286
v : o P-pnR P=CcR p=0P V=pH V=CR V=0P A=DR A-CR A=0P
CCOMP, "DEV.  1e62HES0B  1.750E*07 1,198E+08 14082E+00 3.063E+400 14055E+¢00 8¢357E~02 1e324E~01 14391E=01
VEVIATIONS  1e6T78E+0B~- 2.171E408 1,910E+08 20409E+00 1,52BE+0]1 6,123£+400 7.854E=0]1 7.854E=-01 7.,854E-01
ERROKRS 4.6B4E*07 2.174E+06  1,568E+08 26143E%00 1e516E+01 6,094E+00 7.B54E=01 T.854E~0) 7T.854E-01
: ‘ . o 8 o . - o ) -
m e © o ATTITUOE ROLL - YAwW-  PITCH - DR CR 0P . ROLL YAW PITCH
‘ L ' XTI =el192 =.4462  .BR69 XI  +1881 1202 9748 DR =,3728 =.8838 =,2827
- YD e6B66 46084  o3983 - YI =.9062 44039 #1251 CR - .9135 =+403] L0555
ZI  =«T173° 46563 42338 Z1 =.3780 -=¢9065 41849 0P =,1630 =.237% 3576
SUASYSTEM COMPUTER  Ia Se Us  ATT. CONT. STAR THCKR SUN SENSOR I1SU/CePeSe COMe SYSTe HORIZ.SENs
STATUS 1 : 1 1 1 1 1 1 0 0 0
END MANEUVERING9BEGIN SEARCH FOR SUN=CANOPUS S
r TApGET'cf'..«»onoo#u»u»u»uu»'uoaoaoqa»uoua«»ooo“oono-uoou»‘qéuqaaoooaoooboono
. COAST FOR 60e00 StCe (0D OH IM 0.009)
‘ CANGLE BETWEEN CELESTIAL BUDIES=  76.65y BETWEEN OPTICAL AIDS= 90,00
o FRRR RPN B DEAD BANUS  SET MAXe .
g B ROLL 20000 - 684e00 =~ =~ v o me e e -
YAw 8,00  B.00
- - R PLICH 20400 22466 - - oo
MANEIIVERS .
‘‘‘‘‘ PLICH = -+000DEGe  YAW - o000UEGs - ROLL  =+000DEGs IN 60SEC.
- -~ SEARGCH FOR SUN "IN 30.4 SECONDS WITH - 1.00000 PASSES
~ ANGULAR RATES (RAD/SEC)=ROLL - «02583 yYAW 0400000 'PITCH 0.00000
SEARCH FOR CANOPUS- - IN 29+6 SECONDS WITH  1.00000 PASSES
: : ANGULAR RATES (RAD/SEC)=ROLL « 00000 yYAW «02583 sPITCH 000000
z* T"ARGF—“Tc_r’ia““*“o»“ig,w‘,““‘,“a‘,“vé.@ag.»,ou,aoqnu»ooq.aoua-»u.-nooo#»oooouoo-ua&
AT 400D OH3IM 0.005 R I SRR e : :
T= 34564860 ALT=  26064B8455E%318 VELT [ ,8816150E+08 ANG= 90010 LAT=  =645106 LONG= 147.9787
. - P=DR P=CR -~ p=0P - -V=DR V=CR V=0P A=DR A=CR -A=QP
o , , FIGURE B-3g. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
R TRENE O RUEE N B Raead  diweed Yoo ¥ fo3 o FEe o F o} g g L P 4 g % pap o C o § ]

Al i ek g



AR R I L O N T s s B e B ol T
COMP, UEVe  1o62HE€0H  1.750E407 1,198E+08 14081E*00 3.003E+00 1.054E400 8¢357E=02 1.326E=01 1-391E-0]
OEVIATIONS  1.67HE*08 241716408 1,010b+08 2.409£+00 1.528£401 6,1238+00 84357E=02 1e324E-01 14391ig-01
EHRORS - 40684L200  2.174E+08  1.568E+08 241438400 1.518E+01 6.094E+00 2,829E-04 T4055E=04 24322E-04
BRI ATTITULE RULL YAW  PITCH OR CR oP ROLL YaW PITCH
CANOPUS. * ACQUIRED Xl =el]l92 =d4462 «HB69 Xl «1881 «l202 +9748 DR =43728 =¢8838 =.2827
' ‘ YI  «68b4 . +6084  -.3983 Y1 =.9062 <4039 41251 CR  .9135 -e4031 L0555 v
ST Z1 =+7173.  .6563 2338 Z1 =.378/ =.9069 .1849 0P =,1630 =42375 .9576
SUASYSTEM “COMPUTER  Te Se Us  AIT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYSTe HORIZeSENs
STATUS -1 1 i B 1 1 1 0 ] 0 0

CEND SEARCH FUR SUN=CANOPUS

TQAHG;TC].ouog»a%au»ooo'»u#aoqouo»aooaraav»-u—coowo#ouu-oon#oaauw»u-»o###n

-

COAST FOR 1800400 SECe  ( OD 0H3IOM 0.00S)

' w

ANGLE bETWEEN CELESTIAL BUDIES= - 76+66s BETWEEN OPTICAL AIDS= 90,00
; CUEAU BANDS  SET MAX .
RULL  20.00 64400
TaWw  8.00 8400 -
PLICH 20400 22.66
MAMEUVERS
; Pl._l_CH ) «U00DEG YIKVI sQQODE(jo RoOLL -_O_OOXUE.G. IN 1BOOSECQ e T

"AT 4000 1H 1M 0.00S -
= 1e8815/80E«08

T,\R;g:,yyct.aq»»«»crﬁuu«»o«u»uoumuooubﬂﬂu»oa%u&oooogn«»uqauoqaooooo~uuopo»

T= " 345630600 ALT= 240047HBYE+12 VEL= ANG= 904010 LAT=  =645096 LONG= 14044806 T
: P=DR P=CR P=0OP VeUR V=CR vV=0P A-DR A=CR A=-Qp
COMP, DEVe "1e62RE+0H " 1.791E+07 1.]198E+08 1e064E+00 3.07TE+00  14045E+00 Be357E=02 14324E-01 14391E~0]
DEVIATIONS l.678E*08  2.172E+408 1,910t+08 Ce421E400 1.534E+01 6,132E+00 8.357E~02 1.326g-01 1¢391E=0)
EHRORS 4e6R4E*0/ 2.174E*08  1,568E+08 24166E+00 14522E+0]1 64104E%00 5¢453E=06 Beb56E=04 5,208E=04
S e ATTLITUBGE ROLL YAW PITCH bR CR opP ROLL YAW PITCH
CANOPUS ' ACQUIRED X[ =e¢l192 =.4463 <8869  XI «1881 21202 <9748 DR =e3729 =-e8838 =-.2827
: ' S ' YI s6bdh4 6084 #3984 Yl =e5002 4039 1251 CR 09135 =e4031 » 0555
21 =«7173  .64563 #2338 L1 =e37/87 =49069Y <1849 QP =,1630 =.2375 09576
CSURSYSTEM  COMPUTER o Se U, ATT. CONTe STAR TKCKR SUN SENSUR ISU/CePeSes COMe SYSTe HORIZeSENe
STATUS 1 ) 1 1 ' 1 1 1 0 0 0
DEANKAND UN AXT3 1 CHANGED 10 «10000 DEG,
DEADRAND ON AXTS' -2 CHANGED TO ~«10000 DEG,
DEADRAND UN AXTS 3 CHANGED T0 .10000 DEG,
STATION RANGE RANGE DOT ALM ELE. SUN ANG.
. - CANBFHRA Ceb6047916E+12 =3.1699020£404 - =17455 00.115 68,370
‘ CMEASUREMENT  ERRORS RANGE ELEVATIUN ALIMUTH RANGE DOT
INERTIAL SYSTEM 1.632800E408  44.599680E~05  6497867SE~05  1.487602E+04
3 , v DSIEF -0. =0 =0 4¢100000E=02
“AFTER KALMAN UPDA It - , o .
) P=DR P=CR P=0P V=DR V=CR vV-0P A=-DR A=CR A=0P

COMP, DEVe 1.6TBE*08 2,172£+08 1.910E+08  24421E+00

1.534E401  6,132€+00

Te125E=04 T,125E~04 7.1255-04

- FIGURE B-3h. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



DEVIATIONS le6TBE40B 2.172E+08 1,910E+08 24421E*00 1,5349E+40]1 64132E+00 B8B.623E=04 14095%E=03 Be7B4E=04

"~ FERRORS [eB92E.405 9.H63NE+UD  1,137E400  1e467L=02 0,077E=02 2.482E~02 4485TE=04 B8.319E=04 5,137E-04
’ TARGET&:[.4)00“.004){)‘“#00%#.#00--1)«-0000““0#0%0“(}%90““6%9&#000001}%'”“QQOb
o 5 ; . L Ao . e . .
! ) .
@ COAST FOR - 60400 SECe (0D OH 1M 0400S) :
. . . ! . 4
’ ‘ i 'ur ANGLE BETWEEN CELESTIAL BODIES=- - 76.66, BETWEEN OPTICAL AIDS=  90.00
"'DtAU BANDS . SET -~ MAXe
NULL .10 64.00
YAW «10 HBe 00
- PLICH +10 22.66 .
W e MANEUVtRSl -y e e A . C e . .o . N
: ' PLICH «000DEGe  YAW «000DEGs ROLL  =+000UEG, IN 60SEC,
,TAQGET CTe & & 6. % @ f LR L R SR TR R K I o.a &+ ﬁ * o4 o afo &% g g L2} g 9 9 [TINE TN T S - S TR S R A R ) f ® o8 b s 0
AT 400D 1H 2M 0.005 , . .
T= 34563/20 ALT= 2s0047869E+12 VEL= 1.8B15768E+08 ANG= 90.010 LAT=  -6.5096 LONG= 1402307
. o ' S P=nR P=CR P=0P V=R V=CR V=-0P A=DR A=-CR A=0OP
©COMP L DEVe  le6THE*QOB  2,172E+408 -1, 910E+08 2.421E+400 1.535E¢01 6,132E+00 7.125E=04 Tel25E=04 T.125E=04
SR DEVIATIONS le.6THE+O08 2.172E+08 - 1.910E+08 2,422E%00 "1.535E£401 , 6.132E400 B,683E~04 1,1016=03 8.B862E-04
ERRNRS [+892E405  94630E+05 . 1.137E+06 1e467E-02 6, 0TTE=02 2.482E-02 4.962E=04 8.395£-04 5¢270E~94
e : ATTITUUE ROLL YAw PLTCH OR . CR - opP RoLL YAM PITCH
- CANUPUS = ACQUIRED AL =e1192 =44463 <8869 X1 <1881 #1202 9748 DR =¢3729 =¢6838 =,2827 - . .-,
: YI' <6864 6G84 43984 Y1 =e.9062 «4039 #1251 CR «9135 =.4031 « 0555
LI =+7173  +6563 15 42338 21  =¢3787 =e9069 1849 © 0P =,1630 =+2375 L9576 “
R R SUASYSTEM COMPUTER  I. Se Ue  AT7. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZSEN,
ST sTATUS 1 } : | T 1 ol 1 0 0 "0
AFTER MINCOURSE CORKEGITON, RMVE  1278652€400 (FT/SEC) »0DOF=1.000
=  P=DR - pPeCR - P=0P V-DR V=CR V-0P A=0R A-CR A-0P
A : COMP, DEVe LeOTHE*0B 241726408 1.910E+08 3e298E+00 14497E+0]1 5.792E+00 7.129E=04 Te125E=046 7.125-04
o m T 7 DEVIATIONS  1e6THE+08 - 2,172k+08 ~1.910E+408 - 3.298E400 14457E+01 5.792E+00 B,683E-04 14101E=03 B.862E-04 .
R - ERROKS T.892E405 9,630E+05 1,137E+06 14581le=02 6.158E=02 2.452E=02 4¢962E~04 8.395E~04 5,270£-04
ATTo CONTe TURMED OFF. . s P :
COMPUTER TUkEy OFF ‘ i S B N .
Te Sa U TURNED OFF : S
STAR TRCRR TURNME]) LFF
SUN SENSOR TumnmEy OFF
COM. SYSTe TURNED GFF
~ TR P-NR P=CR -~ p=0P V=pR V=CK V=P A=DR A=CR A=0P
t CUMP, DEVe 1ebTBE*OB 2,172E+08 1,910E+08 3.298E400 1.45TE+0]1 S.792E+400 7.854E=01 7.854E=01 7,854E=0]
DEVIATIONS  1.67HBE+08  2.172E+408 ~ 1,9108¢08 © 34298E+00 1445TE+01 5,T92E+00 7.854E=01 T7.854E=01 7+854E~0)
ERRORS [+892E+05 9.630E+05 1,137k+06 1e981E~02 6.,158E=02 2.452E=02 7T.854E~01 7.854E=01 7.854g-0]

TARGFT CTe  # # 4 & & 3 4 & & 4 & & & # 8 & 2 ¢ 4 & & 4 8 B & & & & # # & & % % o0 & o4 oo oS o0 o4 OB DGt WO BB B YD o

N consr FOR  BY96522.00 SEC. ( 100 YH 2M 2.00S) -
TARGET C)‘ 1* 0w§ 4 W % 4 4 #\Q‘Q L N R B IR T TN B B - Q‘Q LA I T L LR IR T BENY LN LI TR - S T - -G T TN S T - # % 0 B B NN e e

E. Ce el [P ce A -

S . FIGURE ‘B=- 31. AIDED H 429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Contlnued)
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24005
42 L 1=-

COMP, DEV.

DEVTIATTONS

4
AT 410010H 4n
T= -3%4602

(SUHSYSTEM COMPUTER  I. Se Us  ATT4 CONTe STAR TKCKR SUN SENSOR ISU/CePeSs COM.

STATUS

LRRORS

'f‘iMATTIIUUE

B
-

‘..n

COMPIITER

[e Su Us

CATT. CONT,
S8TAR THCKR

SUN SEMSUR
L1SU/CePeSe
COMe SYST
HOHRIZeS9EN

i BN cor| &
2+9764392E412  VEL= 1.8630775E+08
P=DR F=CH P=0P

D /9HE*08B © B.913E+0]  2,30BE+05
DeTYSE+08  1.HIBL+06 2.308E+08

ROLL - - YAw PITCH
X[ =e1192 =e4463 <8869 X1
YI . .6H64 0084 03984  YI
L1 =.7173 26563 «2338 I

- e

TARGET MISSy RMS= 1.81761994E+06) UOF=1.000

9063,00

= - 9063900
39057.00
3905700

© 39057.00
9063.00

’34563720-00

B T 0«00

-0

SECe
SECs
SECe
SEC.
SECe
SECe
SECe
SECQ““

e e mp e

ANG=
2e345E+04

20345t%04  3.179E4+04
Be420E05 1 H1BEC06  1,161E406 lel4sE+0l - 6,575E+0]

-e9909

90,006 LAT=

6. 187E+03
3.993E401

3017qE’04

RoLL

e 7448
6474

-e1617

LONG= Se4976
A=DR A-CR
708545‘01 708545-03
TeB54E=01 T.854E=~01
(08546-01 {05545-01
YAW PITCH
=+6072 =.2768

SYSTe HORIZ.SEN

0

-.?SBO “.0792
-'238? 095?7

'FIGURE B-3j. AIDED H-429 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continied)
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CISU COMPONENTS o SR

ENERGY SOURCE DATA - — . :
TOTAL POWERE 3264500

MIUCQURSt ENbINL

EXPECTED DPL'A -V= 19975 DOF=1,000 CAP

pthnTY SUMHATION CPROBABILITIES:

1IWSUF «MIUCOURSE FUELS]

" EACESSIVE TGTe MISS = --0.00000
UMRELTABILITY = «09606
ASTRIONICS TOTAL = «15000

' FIGURE B-3k.

pe g gy e by . N oy po

« 05968

TOTAL ENERGY= 34608.397

ABILITY= 300105
I WEIGHT
ASTRIONICS=  369Y.492
SPACECRAFT= 1630,508
TOTAL- 2000.000

txgcurzom TIMESs STARI=836.33y END=864.60y ELAPSED=28+268 (SECs)

ACCELEROMez  6G=177 ~ - - GG=1TT- GG=177 GYROSCOPES= GG 334~A GG 334-A
15U DATA ‘ e e ON TIME (HR)= 2,517
s ’V“ i . S ame - - B B N
Ser o H=429 (STRAPDOWN ) SPECIFIED
SUHSYSTFM PAHAMtTtHS : ; .
g COMPUTERS -~ STAR TRCKR- ~SUN SENSUR --ISU/CsPeSe  CUM, SYSTe HORIZeSENs -
SIGN 11D . ITT=LUN.OH ApCL=1402  H=429 SYS  MCR=-503 NONE
TIME= 25117 - 10849 - 10.849 - 24517 96014033 0.000 0.000
EMERGYS - 2d89.51¢ 86..793 54,246 2134987  33603.617 0,000 0,000
POwERS 115000 Be000 5.000 85.000 3.500 0.000 0.000
PLFAILS 00045 $00012 «00011 e 00025 « 09155 000000 000000
WETGH = 2re000 74000 24000 -~ 1442507 3.100 0.000 0.000
“ATTITUDE CUmMTROL SYSTEM ANALYSIS ON TIME (HR)=- 10,849
THHUST S1ZING (L) FUEL CONSUMPTION (LB=SEC)
o ROLL Y AW PI]CH ROLL . © YAW PITCH
SOLAR PRESS £0000 - 40000 - L0000 - -
CMETJIMPACT= <0000 L0000 «0001 SEARCHING= 4,0585 243060 .0032
THMANFIVERS = « 0099 ~ + 0099 e QY9 e o DEADTBAND= »0001 04445 02560
MIDCOURSE = 00000 «3778 J3 78 MANEUVERS= 02193 « 1547 1917
MAX, THRUST= <009 03778 - «3Y78 TOTAL IMP= 443379 2¢9052 04509
NO. OF FIRINGS= 2440 TOTAL IMPULSE= -~ T,6940 FUEL WEIGHT= +137393

AIDED Hf§29 SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

GG

TOTAL
TOTAL
TOTAL

TOTAL wE

TOTAL
TOTAL
TOTAL
ToTAL

TOTAL
TOTAL
TOTAL
TOjAL
TOTAL

TOTAL

TOTAL

PENALTY (MODE 3)=

334-4

ENERGY=
POWER =
PeFALL=
16HT=

ENERGY=
POWER =
F’.FAILz
WEIGHT=

ENERGY=
POWER =
PeFAIL=
WEIGHT=
WEIGHT=

WEIGHT=

WEIGHT=

2514750
100,000

2. 00126°

30.000

34248B,156

2164500
«09239
53.350

1084492
10.00¢
«00278
219215

125.842

110,000

29.085

369449242

st L.{‘f«‘;:})?\! It ) ;.,3;_‘-,2;;;:_4

i
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PENALTY (MODE 3)

ERHOD ANALYSIS (SCHEDULE NOe 1)

P d

LANINCH B R S O R T T R T SR N R R R R I R R S T O R T N R E R E R RN
AT 0N 0H 0M 0005 R :
1= ) o' ALT= =4 ({6B3T16E~-Q7 VEL= 2.3196861E¢0? ANG= 90.000 LAy= 2845000 LONG= -80g5000
i ©e P=DR P=CR - pP=0P V=R V=CR V=0pP A=-DR A-CR A=OP
i . . COMP, DEVe. Ue 0. 0. Oe 0Oe Oe O 0o Qe
~ ; DEVIATIONS U, 0. O 0. Oe Oe O 0 Oe
: : ERHORS Ue 0e (128 O: Oe ) Oe O O Oe
| SHASYSTEM  CoMPUTER Ie Se Ue ATTe CUNTe STAR TRCKR SUN SENSOR 1SU/CePeSe COMe SYSTe HORIZ.SEN
| sTATUS 1 1 0 : 0 0 1 0 0 0 0
T T CO0Me SYSTe TURNED ON - : . |
. ; . P=DR = - P=CR p=0P VeDR V=CR V=0P A=DR A=CR A=0OP
"~ ' - COFP. DEVe Ve 0. 0. O Oe Oa 0. 0c 0. '
‘ I)EVIATU)NS ) Uo 00 0. QC O'Q 00 00 o' 0-
ERRORS Ve =04 e O Oe 0o Oe Oe Oe Qe
LA”NCH‘ [T SR LU LI SN LT T SRR I SR B N LR N T R S SN B R R TR IR R R NN Y TR IR L R SR - Y IS T T SRR T TRNEY R T S U S T N TR S
“BURN FOk S65.000 StCe - R S : . , ;

ADD HURNM FERRORS -

PARK  FUR Y35.00 SECs ( * 00 OH15M35.00S) -

PA-’(K Qo#%Q‘“a#0&4}%9-—*(!4-%«3&9%#-994&%~#%o##Qaubé'%ﬁ4}%»Q%%“QQ““QQ#GGTQQQG-
B ) 1 . .
AT 0D QHZ25M 64005 .
1= 1500 ALT=  6¢0/61100E+05 VEL= 244239262E+04 ANG= 90.000 LAT=  =5,7054 LONG=  =T.0921
o P=DR P=CR p=0P V=UR V=CR V=0P A=DR A-CR A-0P
CUMP, DEVe U _ O 0. ‘ 0o 0. O 44261E=04 4e261FE=04 4.,261E=04
DEVIATIONS  1.970E+03 2.283E+03 1,538E+03 348B10E+00 3I/29E+00 6.288E~01 2,765E=04 24795E=04 2.752E~04
S ERRNORS 19706403 2.2836+403 1,538H¢03  3eBl0E*00 3.725:4%00 6.2B8E=01 " 44998E-04 6¢816E~06 5,073g-04
SUBSYSIEM  COMPUIER 1. Se Ue ATTo CUNTe STAR TRCKR SUN SENSOR ISU/CePeSe COM. SYSTe HORIZ,SENs
STATUS 1 1 0 0 0 D | 1 0 0 0
STATION RANGE RANGE. DOT AZM ELE. SUN ANG.
CASCENSION 2.8792078E+06  1.52571582E+04 73.154 8,373 1114615
MEASUREMENT ERRORS RANGE ELEVATION ALIMUTH 'RANGE DOT
© . UINERTIAL SYSTEM 1.635217E+03  84631241E~04  4.833212E=04 2+312257E400
e : . TPu=18 6.700000E+01  4.500000k=04  4e500000E=04 =0,
CAFTER KALMAN UPDATE - . S ' )
o ) P=DR P=CR p=0P V=UR . V=CR vV=0p A=DR A=CR A=0p
COmpP, UEVe 1eB49E+03 2.007E+U3  1,383E£+03 34379400 3,303£+400 D5.246E-01 2,932E=04 3.824E=06 349006E-04"
v DEVIATIONS : 1e970E+03 . 2.283E+03  1.538E+03  3eB10E*00 3.725E+400 ©e288E~01 Z2e¢765E=04 2.795E~04 2+752E=04
EHRRORS 6,804E902 1.0BBE+03  6,715E+402 [+760E+00 1.722E+00 3.467E~01 3,187E-04 5.276E=06 4,552g-04
PARK - 'uv%04’:4&9%4&%Q¢}Q%#¢+&%03¥9%&1#,%,%0-LtjwﬂQ#%Q#QGO#%&‘9%#9&“%99“-669»&-#
, PARK  FOR Al1430 SECe: (0D 0H IM21430S) .
7 BURN FOR' 941500 SECe ‘ ’
8 ADD RURN ERRORS '

COAST FOR .20 SECe { 0D OH OM +208S)

*

FIGURE B-4a. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION



ESCApE 00000“0‘(bﬂ'(}(&(&(&Q#%“%%4&“*9###0#)(}09#4&*004&64&0000!&““00#0904}0#

ar~

AT 0N 0H4EM 3.00S . '
T= 2523 ALT=- 1+¢5608513E+07 VEL= 4,7908635E+04 ANG= 424609 LAT= =28,4248 LONG= 4749456 , ‘
o] P=0R : P=CR . P=0P . . v-OR : V=CR V=0P A=UR A=CR A=QpP
& ComMP, DEVe =¢.441E-06 =B.632E-05 0, 0. =5.268E=09 =2.384E=07 «7.276E=12 ~1,029E=11 9,284E-08 |
o UEVIATIONS  0e5]14E+03 2.883E+03 -4.533E+03 16335E+01 3.5595E+00 9.020E+00 8.550E=04 Ya40BE-06 94231E~04
i bRRORS ©e514E+03 2.B83E+03 4,533E+03  14335£401 3.595:400 F.020E+00 Bi950E~04 9.408E-04 9,231E~C4 ,
ATTITUDE T RoLL YAd  PITGH DR CR 0P ROLL Yaw  PITCH (
‘ XTI =elB72 =e9823 0083 X1 =.1872" =e9823 +0083 DR 1.0000 =+0000 0000 .
YI =.B845 1722 »4335 -~ Yl =.8846 1722 4335 CR «0000 140000 =,0000 ‘
21 f=..'42;2 'OTBG, -eGill [I —.4??? "07;438 °?9011 OP =,0000  «0000 1.0000
SUBSYSIEM COMPUTER  Ie Se Ue  ATT, CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ4SEN
CSTATUS 1 1 0 0 0 1 1 0 : 0 0
ATT. CONTe TURNED ON S —
e R P=DR “ P=CR - P=0OP - - VeDR V=CR vV=0p A=DR A=-CR A=0p {
CONP, DEVe =2e441E=04 =B.632E=05 0, 0o =5.2b68E=09 ~Z2¢3B4E~07 7.]125E=03 7,125E~03 7T.125E=-03 ‘
DEVIATIONS 0.514E+03 2,883F+03 4,533E+03 1e335E401 3.595E+00 9.020£+400 74176E~03 Te187E=03 74185c=03
CERRORS  0.514E+03  2.883£403  4,533E403  1¢335E401 3.555E+¢00 9.020E+00 B4S50E=04 9.40BE~04 9.231E-04 .
St DEADRAND ONCAKTS S L CHANGED TO -~ 20.00000 OEG, = - S o
C O DEADRAND UN AKLS 2 CHaNGED [0 2000000 VEG, . R : s
DEADRAND ON AXTS 3 CHANGED TO - 20.00000 DEG, o . : (
STAR TRCKR TURKED ON o , Y
St SUNTSENSOR . TURNED O - Co : - S :
L : P=R P=CR P=0P V=DR V=CR V=0P A=DR A=CR - . -A=0P
T CUME, UEVe = 441E=04 =R,6326-05 0, 0o - =5,268E=09 =Z.3B4E=07 1.425E~01 1.425€=01 1.4256-01
o ' DEVIATIONS 0.5]4E+03 2.HB3E+03 4,533E+03 13356401 3.555E400 9.02UE+00 1.425E=01 1e425E-01 1e425E=01
STt ERRORS LeLI4E*C3  2.883E+03° 4.533E+03 14335E401 3,555E+00 9.020E+00 6.550E~04 94408E-04 9.231E-04
Rl ©o v BEGIN MANEUVERING YO LOCATE SUN-CANOPUS - - - : o
. | ‘ ) » V ) o ! ‘ ’ ‘;
ESCARE L A A A I IR S R S S I I S I
COAST FUR .. 90000 SECe (0D OHISM 0.00S) . (
ANGLE BETWEEN CELESTIAL BUDIES= ~ 97432y BETWEEN UPTICAL AIDS= 90,00 ‘
LDEAD BANDS  SET  MAX. : . , ,
RULL. 20400 64400 e : . (
YA  Be00  B.00
o ' : MANEIIVERS ; , y
T i ; PLICH 124,6340EG¢ ~ YAW =70.015DEGe ROLL 59+8620EG. IN 900SEC.,
ESCALE . LR R T R N LN U RN I N T ) TS TSR 2K (TR K R TR TR S O T S S G SO L ARR THE KT 2N - TN TI - S - BT JNNY - B - TR B - SRR - W SO Y (
AT 0D OH5'M 3,005 : S
L TE 3423 aLT=  4s8308954E+07 VEL= 4.33]13231E+04 ANG= 164593 LAT=  =29.7368 LONG= 7442506 - {
o R SRR P=DR P=CR - p=-0P V=DR V=CR V=0p A=DR A=-CR A-OP '
S COMP, .DEV. =48BAH3E~04 0. =3,453E=04. 0« ' =4+210E=08 =1,6B6E=07 14418E=01 T.026E£=02 14372E=01
S U UEVIATIONS  14BY9BE+04  6.466E+03 1,230E+04 L1e427E%01 Del20E+00 B.B88TE+00 1e418E=01 T+037E=02 163722-01 ¢

ERROKS LoB9I8E+04 “6.466E+03 1,230E+404 1e427E+01 S5.120E+00 B.6B/E+00 Be674E-04 9.295E=04 1¢151E=03

'FIGURE B-4b. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
gl bl Gois] ol bwesd bt b bemed bl bmeeed  homeed bewsd bewd beeed fed




e B e T e B 2

e _«; R - E * § w - m = e R
ATTITULE RULL YAW  PITCH LR CR op ROLL YAW  PITCH
K1 =e2321 L9305 =42R34 X1 =.122¢ =.992¢ L0083 DR =.2123 1112 $9709
L1 =e7A31 "=e3506 =45656 21 =u4312 <0456 =.9011 OP  ,9398  .2956 L1716
SUASYSTEM  COMPUIER 1. Se Us ATT. CONT. STAR TRCKR SUN SENSUR ISU/CePeSe COM. SYSTe HORIZ.SEN.

e STATUS 1 1 1 : 1 1 1 B S0 o "0

s ut .

END MANEUVERINGBEGIN SEARCH FUR SUN=-CANOPUS

ESCAPE 4,',,,94;¢¢b4»ooa4»¢»4scz»»u4suaa-uo1su»nooo¢»uuQoooooouoo‘s»‘»aauovcswoono
~COAST FUR ~ = 60.00-SECe (0D 0H 1M 0.0095)

ANGLE HETWEEN CELESTIAL BUDIES=  97.32, BETWEEN UPTICAL AIBS= 90,00
DEAD BANYS - SET MAX .

ROLL 20,00 64400

TYAWT Be0D 800
PLICH 20,00 28468

" MANEUVERS :
PLICH  =.000DEGs  YAW  -.0C0DEGs ROLL ‘=e001DEG, IN 60SEC,
SEARGH FOR SUN CIN 33.0 SECONDS WITH  1,00000 PASSES ,
’ ANGULAR" RATES (RAD/SEC) =ROLL <00003 s YAW 0.00000  sPITCH 0400000
I SEARCH FOR CANOPUS  IN 27.0 SECONDS WITH  1,00000 PASSES , - -
RN | ANGULAR RATES (RAD/SEC)=ROLL 00000 ) YA 200003 'PITCH 0400000
ESCApEk"ouowo“o*tuoounqouoa»o«rou»au»q)o4#4)uoa&u»u»oaooouoounoao»-oo‘o§99
AT 0D OHSHM 3.00S
o= 3443 ALT=  5.08%0061E+07 VEL= 4.311728lE404 ANG= 15,672 LAT= =29.6689 LONG= 749188
- P=DR  P=CH p=0P VDR V=CR V=0P A=DR A-CR A=OP

COMP, DEV. 12256404  4,4601E903 9,604E+03 9¢04BE+00 3.5346+00 3.796£+400 1.417E=01 74042502 1e372E~01
VEVIATIONS 1.983E+04  6.747E+03  1.282E+04 14429E+01 5.200E400 B.887E+00 1.417E=01 7.042E=02 ].372E-0]

- EKRNRS . AeH22E404  5.2335403  1,157E+04 141526401 3.983E+00 8.044£+00° 2.281E-04 24542E~04 5,606E-04
S ATTITUE ~  ROLL  YAW  PITCH bR CR op ROLL YAW - PIiCH
CANORUS  ACWULRED XI =e2321 49305 =.2R34  XI =41202 =e9927  .0083 DR =.2128 1133  ,9705

YI 6276 =.0793 =o7745 Y1 =o8942 <1119 44335 CR  .2674 =+9486  .169%
21 =eT431 =e35716 =.5656  Z1 =.4313 40447 =49011 0P  ,9398  .2956 L1716

; SURSYS TEM COMPUIER Io 5S¢ Ue ATT. CONTe STAR TRCKR SUN SENSUR ISU/CePeSe COMae SYSTe HORIZGSEN,
STATUS ) I 1 1 1 1 1 S0 0 0

END SEARCH FUR SUN=CANOPUS

COMPUTER  TURNED OFF
1e §. e TURNED UFF

6¢-9

: P=01i : P=CR P=0P V=DR V=CR vV=-0P A=DR A=CR A-QP
COMP, DEVe 1225404 4,401E+03 S5,.604E+03 9.048E+00 3.534£400 F4TIOE+00 le4l7E~01 Te042E=02 14372E=01

UEVIATIONS = 1e983E+04  64747E+03  1,2B82E+04 104296401 5.2086+00 B8.887E+00 1e417E-01 Te042E=02 14372E-0]

‘FIGURE-B-4C. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)



'ESCApE"‘oo434»0#uﬂ@taaa#uaouo».ois*u#b#aoo*ouuaauuu»oauuuouuuouuuana
W COAST FUR 32517400 SECe (0D 9H 1M57.00S) | y
S~ g : ‘ '
o ;  ANGLE BETWEEN CELESTIAL BODIES= 97421y BETWEEN OETIQAL AlDS= 90.00 -
e ‘ , B 4
~DEAD BANDS SET MAX o
- HULL 20400 64400
YAW Be 00 He 00
. PLICH 20.00 28.79
MANFIVERS -
ik : e : PLICH - . =40530EG. YAW - =4094DEGe ROLL - =e¢S15DEG. IN 32517sEC.
7 THACKING STAK NO. 2 : _—
ESCAPE LA L S A #juwg‘» O Y & T S LR B S KRR R ZIE ST Y- ST R Y
AT ODIOH 0M 0.00S - ) -
s 1= 36000 ALT=  1e3631588E+09 VEL= Yc876267T7E+04 ANG= 664018 LAT= =25.6796 LONG= =~3645497
‘ P=DR P=CR p=0p VDR . V=CR V=0pP A=DR A=-CR A=-0pP
COMF, NEVe = £e994E+05 1,585£+05 1,38BE+05 BeT65E+00 4.900£+400 4.152E+00 1.416E=01 7,067E=02 1.372g=-01
DEVIATIONS  4e707E40> 2.339E+05 3.04BE+05 1e¢376E+01 T.247E+400 . 9.012E+00 1.416E-01 7.067E=02 14372E=0]
CERRORS 0 34TB3E+05  1.784E+05 2,717E+05 1010SE+01 DS.532E+00 B8,012E+00 2.,496E=04 2.,696E-04 6,885-04
e e ATTITULE - ROLL YAW  PITCH . ‘DR CR op “RoLL Yau PITCH
‘CANOPUS ©  'ACQUIRED XKl =e2334 49328 =746 XK1 =e(0997 =+9950 0082 DR =-.,2168 1239 «9683 -
o S Y1 26264 - = 0718 =e7762 Y1 =o.8963 0934 ¢4335 CR 020641 =e947H +1804
ZI  =eT437 =.3532" =e5476 ZI  =+4321 ° 0358 =.9011 ° 0OP «9398 « 2948 1727 -
SURSYSTEM  COMPUTER Ie Se Ue AlTe CONTs STAR TRCKR SUN SENSUR ISU/CePeSe COMs SYSTe HORIZeSEN.
 STATUS -0 -0 1 1 1 0 1 0 0 "D
COMPUTER THURNED -ON e
Ie So Ue..  TURNED ON ~ . .
j ' P=R P=CR P-0P V=DR V~CR V=0P A~DR A=CR A=QpP
CoMP, DEVe  €a9G4E+05  1,585£+05 1,388E405  8e765E400 4¢906E+400 44152E400 14416E=01 7T.067E=02 1.372E-019
© DEVIATIONS  4707E+05 2.339£+05 3,048E¢05 1e376E%01 T4247E400 9.012E400 14416E=01 7c067E=02 14372E=01}
e e ERROKS = 3e7B3E405 - 1.7B4E+05 2,717E+05 -1e109E+01" 5,53;5*00 BeQlZE+00 24496E=-04 2¢696E=06 64885E~04
',ESCApE~A~ R SRR L R R N R RN R AR R R R L TEE P T T T S T T S 9 L R R R U 2 N B N SR S - R N )
*f COAST FOR  -1800.00 SECe (0D OH3OM 0.00S) - - .
| " ANGLE BETWEEN CELESTIAL-BODIES= - 97420y BETWEEN UPTICAL AIDS= - 90.00
DEAY BANDS  SET MAXe
" RULL 20400 64400
YAW 3400 Be00 -
: PITCH 20.00 28.80
MANEUIVERS EE S '
_ PLICH =+ 003DEG. YAW =« 00SDEGe  ROLL =+ 028BDEGe IN 1800SEC.
ESCAF’E »4)qo,uuuaou»vu4;&{)-»0q.*“(b##*#»ﬁ##*&bﬂ»ooﬁ#aoﬂoGQ#Q#QQOO“Q%GQ
ATf 0010H30M Ve 0DS —— e »
‘ = 7316000 ALT= 1+4404029E409  VEL="""1¢0315087E+05° "ANG= - 67,105 LAT= =25.6632 LONG= =4443869
FIGURE B-4d. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continﬁed)
- e e e 1 g g, F PRt B 3 ¥ Py 1 B fao 1 v !; I i i ,.. oo B ¢ 1 o 3
' : g o . ‘ “ itz g e i i i

EHRORS

1.622E404  5,233E403 1,157E+04  14152E401 3.983E+400 bB.044E+00 2.2Bl1E=04 2.542E=04 5,606E~04




| e wae ey

bieed  poeed ] e e

W O B e s

PR P=CKR P=0P V=-DR V=CH V-Qp A=DR A=CH A=0p
COMP . DEVe 3e151E405  1.674E+05 1,4635+05% BelHO3L*0D 4e910E+00 44153E+400 1e416E=01 Te065E=02 1e372E-01
DEVIATIONS  4.954E+05 2.,6069E+05 3,210E+05 1.376E+01 Te293E+400 Y4013E+00 1.416E=01 Te065£=02 1¢372E-01.

ERRORS. ‘gmgﬁlE‘OS 1.883E+05 2.862E+05 11105E#01 5.591E¢00 B.012E+00 Ce496E~04 2.696E=06 1.0716_03\
~ ' ATTITUNE  — ROLL YAW  PITCH DR CR op ROLL YAW  PITCH
CANOPYS 'ACNUIRPD XI '=e2335 49329 =.2741 XI =.0997 =¢9950 .0082 OR =~,2l68 «1234  ,9684 -
‘ Cet Y1 +0264 =40713 =.7763 YI =.BY963 0934 «4335 _ CR «264] =e94706 e 1799

ZI =a7438  =.3529 =e5677 Z1 =e4321 <0358 =.9011 OP  ,9398  .2948 ,1726

.
-y

SUSSYSTEM  COMPUTER  Ie Se Ue  ATT. CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COMa SYSTe HORIZ.SEN.

STATuUS 1 1 ‘ 1 1 1 1 ¥ 1 0 0 0
BEADHAND ON AX(S | '

CHANGED TO

1+10000 DEG,

DEADARAND UN AXTS 2 CHANGED.TO «10000 DEG,
DEADRAND UN AX[S 3 CHANGED TO - «10000 DEG,
STATION - RANGE - RANGE 0OT AZM ELE. SUN ANG.
ASCENSTON 1e4439360E409 4.08090%RE+04 =12%¢447 55.96Y 80.860
MEASUREMENT ERRORS . RANGE ELEVATION ALIMUTH RANGE. DOT
INERTIAL SYSTEM  4,027823E+05 . 1.4389/1t=04  1.83B501E-04 _6,891378E400
e e USuS=-30 6. IOOOOOE*Ol 14 7B0000E=03 14780000E~03  1.240000E=-01
o AFTER KALMAN UPDATE : : ' ﬁ ' '
e : P=0DR . P-CR pP=0P . V=DR V=CR . V=0P A=DR A-CR A-OP

- CONP, DEVe 4¢954E+05  2.379E+05 2,303E+05 14376E¢01 6.9BlE+00 6.513E+400 7.125E=06 T.1256-04 Te125E-04
DEVIATLIONS™ "#.954E 400 2.469E405 3,2]10E405 1¢376E40) 7.253E400 9.013E400 Te550E=06 Te618E~04 ]e256FE- 03

ERHORS  2.129E+03 6, S40E+04  2,241E409  44766E=02 1.940E+00 6.242E+00 2.496E=04 2.696E=04 1.034E-03
ESCAQF_ tbGﬂ'(t(b“ﬂ%u*“u(b90##%4&‘)0&#%0“%#%%9##%&#%”Qo“#%k«ﬁ“ﬁﬂoobbaooo
COAST FOR - 60400 SEC. ( QD OH LM 0400S) | '
ANGLE YCTWEEN CELESTIAL BODIESz 97420, BETWEEN OPTICAL AlIDS= 90400 : Ce
VEAD. 8ANDS  SET MAX.
HOLL ¢10 64400
YAwW «10 8400
PLICH 10 2380
MANEUVERS L = DU -
: PLICH -.OOODEb. YAW  =.0000EGe ROLL  =¢001UEG, IN 60SEC.
ESCAPE uu«a#“uu»oau450%%»oaua##»oooouu&oo%»&aoouo«oooaouoﬁacono
AT 0010H31M 0.00S : ' '
T TE 0 3¥860 ALT=  14442B110E+09  VELT  1.0329770E+05  ANG= 674140 LAT= =25.6627 LONG= =44+6349
o L , ; P=nNR . P=CR P=0P : V=DR V=CR V=0P A=DR _ A=CR A=0P
. - GONP, DEVe. 4.963E+05 2.3B3E+059° 2.306E+405 1e376E401 6.981E+00 6.513E+00 T.125E=04 [e125E=04 T.125E-04
T GREVIATIONS  “4.962E+05 2,474E+05 "3,215E+05 le376E+01 7e 253E+00 Y.013g+00 Te550E=~04 Te618E-06 1.272E=03
ERHORS . €e129E %03 645528406 2.245E+405 4e766E-02 1 G40E+Q0 6.242E+400 24496E-04 2+696E=04 14053E-03
S CATTITUDE 7 ROLL YAw  PITCH bk CR op ROLL YAW  PITCH
- CANOPUS  ACQUIKED XI. =¢2335 #9329 =«2741 X1 =4099/7 =19950  +0082 UR =¢2168 1234 9684
: 'YI 06564 ,'oozljv !01163, Yl -08963 0093“ 04335 CR .2641 '09476 01799
o v 21 -.1438 T+3529  =5677  ZI =.4321 0358 =-.90l1 OP  ,9398  .2948 ,1728

198

SUHSYSTEM  COMPUTER = e Se Ue® ATT. CONTe STAR TRCKR SUN SENSUR ISU/CePaSe COMe SYSTe HORIZsSENe
CSTATUS e 1 1 1. 1 1 . : 1 0 0 . 0

- FIGURE B-4e. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continﬁed)



AFTER MIUCOURSE CORRELTIONy RMV= 10335799E+01 (FT/SEC) +D0F=1.000
- P=DR ~P=CR . P=UP V=-DR . V=CR v=-0P A=DR A=-CR A-0p
3 Comup, UEV. 4,953E+05 2,383E+05 2,306E+05 7e854E+00° 4.743E+400 4.320E+00 T 125E=04 T.129F=04 7T4125E=04
5 DEVIATIONS  4.962E405 2,474L+05 3,.215€405 - 7e855E+00 S.1I19E400 T.ST2E+00 [.550E~04 T.618E=06 1.272E~03
. ERRORS © €e129E+403  6,552E4+04 -2,245E+05 4e821E=02 1.943E+00 6.241E+00 2.496E=04 2.696E=04 1.053F=03
DEADRAND OM-AXTS 1 CHANGED TO _-20.00000 DEG, R - o
DEADIBANDG UN aXT1S 2 CHANGED 70 20.00000 DEG.
DEADAAND ON AXTS 3. CHANGED, 10 20.00000 DEG,
COMPUTER  TURNED OFF ‘ »
o Te Se Ue T TURNED OFF .
L ATTe COMTe TURNMED OFF.
" STAR TRCAR TURMED OFF" ' - -
SUN SENSUR TURNED OFF .
‘ P=DR P=CR p=0pP V=UR V=CR V=-0P A=DR A=CR A=-0pP
COMP, DEVe 4e963E+05- 2.383E+05 2,306E+405  TeB54E+00 447436400 4.320E+00 7T B94E~01 7Te854E=~01 Te854E-0])
DEVIATIUNS 4.962E405 - 2.47T4E+05  3.219E+05 Te855E+00 S5e119E+00 T.ST2E+00 7.854E=01 7.854E=01 7.854E=0)
ERRORS Ce129E403 6.552E+04 2,245E+05 4¢B21E=02 14943E+00 6,241E+400 7.854E=01 TeB54E~01 T.B54E=0]

ESCAPE LR AR IR AR R N Y R R TR S R S T R O R SN R T

SRR A I R T S T ST S S ST WY S -SSP T S Y
COAST FOR 34522140.00 SEC. (399013H29M 0400S)

TARGE(‘TC[.5),,.4.),. “401}‘“:4)OQ%QQQQ%Q%0&09”“0*945%0“00“#09(PQQ“QQQQ#QQ(}%QQQQQQ

< TARGET Cle % & 3 4

“CGAST FOR

¥
.

FIGURE B-4f. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LE
L T

U e

1800400 SeCo:

BEGIN MANEUVERING TO LOCATE SUN=CANOPUS

(- 00 OH30M-04008)

AR s T OERE WP C S G

O T S |

Fooo

P ¥

R |

R |

L L U R IR R TR YT OO 1S L AR PEE SN SR L N IR TR YR TRER U TR TRE TR TRETRRE PA TR N SR S TSP S S-S -

VEL 2 EVALUATION (Continued)
D R RN

T |

AT 400D 0H OM 0.00S ' Coe
; T= 34560000 ALT= - 2¢9049048E+12 VEL=  1.8816539E408 ANG= 90.010 LAT= "+ =6.5116 LONG= 15547267
N : ‘ P=DR P=CR"® .+ ' p=0P V=DR V=CR V=0P A=-DR - A~CR A=0p
. CoMP, DEVS. 2e259E+08  2,464F+07 B,109E+407 1e417E400 J1.B0DE+00 6.218E=01" TeBS4E=01  T.854E=01 7T4854FE=01
" DEVIATIONS  2.323E408 2,456£408 1,9438+08 2.778E400 1.711E+01 6.B72E400 7.854E=01 7.854E=-01 7.854E-0]
- EKRRORS D.2B0E+07 2.443E+08 1,767E+08 24399E+00 1.702E+01 ©6,847E+00 7.854E=01 7T.854E=01 T.854E=~01
SATTITUDE ~ = RULL YAwW PITCH UR CR oP ROLL YAW PITCH
‘ X1 =e2335 9329 =.2741  XI. 188l 1202 9748 DR =,3299 3738  ,8669
Y1 ¢ 6264 ~=¢0713  =e7763 - YI =e9062 #4039 41251 CR  .8994 4034  ,1683
, L1  =+7438 =3529 =e5677 Z1 =43787 =¢9069 = +1849  OP =,2868 48352 =,4693
SUasyYsSitm  COMPUITER Ie Se U, ATT. CONTe STAR TRCKR SUN" SENSUR ISU/CePeSe COMe SYSTe HORIZ.SENs
STATUS -0 -0 - 0 - 0 - 0 0 i 0 0 0
COUMPTER TURMED O )
Je Sa Us TURNED OM - - e S . . :
< SUN SENSOR TURNED UN
e STAR TROCAR TURNED ON - - - e
: ATT. CONfs TURNED ON
R R S S P=DR P=CR p-0P- - V=DR V=CR V=0P A=DR A-CR A=0P
i L COMPR, NEVe 2e259E208- 2.464E+07 8,1096407 1+417E%00 1.809E+00 6.218E-01 14425~01 14425€=-01 1.425£=-01
DEVIATIONS 243238408 = 2.456E+408 1,943E+08 2e778E%00 1e711E+01 6.B72E+00 7.854E=01 7.854E=01 7+.854E=01]
L ERROKS Pe2B0E+0T  2.443b+08  1,767E+08  2+399E+00 1.702E+401 ©.847TE+00 7.854E=01 TeB54E=01 7T.8542=-01

L 2K K- BN A 2



eh-a

MAGEVERS

COTARGET Cle @

AT 4UUD OH3OM 0

T= 34561800
ch

DE

‘£

SHHSYSTtM’
STATUS

kN

AMGLE BETWEEN CELESTIAL BOUIES= 16466y BETWEEN OPTICAL AIDS= 90.00

DEAD BANDS - SET - MAX .
HuLL 2000 6400

YAW 8600 He 00
PLTCH 20400 22466

o

PLICH  5.3600EG.  YAW  5.335DEG. ROLL=133¢476UEG. IN 1800SEC,

i)%&ﬂ““0()9%(b*()“”#d#%()#ﬂ"%ﬂ%%”ﬂ'“‘#‘#GQ#Q#QQ“DQ#OGQQOQQQOHQQ

«008

L OALT=  2e00484T4E+12 VEL= 1+8816163E+08  ANG= 90010 LAT=  =645106 LONG= 148e2286
: P=NR P-CR pP=0P V-Ur V=CR V=0p A=DR A=CR
MP, DEVe Ce259E+08 2.464E+407 8,109E+07 1e407E400 1.B0/E+00 6,196E=01 6.357E=02 1.326E=01
VIATIONS  2.323E408~ 2,456E+08  1,943E408 2eTHIE*Q0 1+713E401 ©6.87TE+00 7.854E=01 T.854E-01
RRORS De2BOEY0T  2.443E¥08  1.767E+08 2.408E*00 1.704E¢01 6.852E400 T.856E=01 T 854£=0]
ATTITULE ROLL YAw  PITCH LR CR P RoLL YAY PITCH
X1 =e1192 =e4662 8869 X1 . 1881 ¢1202 29748 DR =,3728 =-.8838 =,2827
Yl +6864 L6084 43983 Y1 =.90062  «403Y 21251 CR © L9135 =.4031 « 0555
LI =e7173.. 46563 2338 21 =378/ =¢9069 <1849 0P =,1030 =.2375 49576
COMPUIER Ie Se U, ATT. CONI. STAR IRGKR SUN SENSUR ISU/C.P-S. COMe SYSTe HORIZ4SEN,
' 0

1 1 | 1 1 1 1 0

0 MANEUVERINGyREGIN SEARCH FUR SUN=CANOPUS
- o

%

A=0P
10391E‘01
T«854E=01
708546-01

-

TARGET CVa @70 4 & & 0 0 & & &4 4 & & # & 4 4 & & 3% 4 0 8 & & 6 4 6 4 8 6 % # ¢ & ¢ 4.0 & 4 0 N a0 8N e 0N e e o

COAST FOR. 6

MA

SE

SE

0400 SECe ( 0D OH 1M 0+00S)
ANGLE BETWEEN CELESTIAL BUDIES=  76+66s BETWEEN OPTICAL AIDS= 90,00

JEAD: BANDS SET MAX, . -
UL L 20.00 6400

YAW 3,00 8300

PLICH  20.00 22466

NEUVERS - ‘ .
f PLICH  <000DEGs  YAW < .000UEG. ROLL  =e000UEG. IN 60SEC,
ARGH FOR 5UN © IN - 3044 SECONDS WITH  1.00000 PASSES o
o : ' ANGULAR RATES (RAD/SEC)=ROLL « 02583 s YAW 0.00000 'PITCH
ARCH FUR CANOPUS  IN  29.6 SECONDS WITM  1.00000 PASSES
ANGULAR RATES (RAD/SEC)=ROLL 00000 ) Y AW . 02583 +PITCH

0400000

000000

'
.

T“R:GFTc].‘Q”‘)OD“QQ(&%‘:‘“‘”,‘:O“%?“Qﬂ(’%'ﬂ‘#@“QQ“#QQ#‘““'G“GQQ“Q1)0'00'09“9”0'9090
o AL : R . P .

AT 4001 OH3IM 0
T2 36561860

«00S

~

P=DR - P=CR- p=0P - “V-DR V=CR  V=0P A=DR

FIGURE B-4g. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

ALT=  246068455E+12 VEL= 1.B816)50E¢08 ANG= 90,010 LAT=  =6.5106 LONG= 147.9787

A-CR

A=0p



COMP. DEVe £4259E+408 2,466E+07 B,109E+07 1.606E400 1.807E400 6.196E=01 8,357€=02 1e324E~01 14391E-01
UEYTATLUNS 203230408  2.456£+08 1,943E+08 20781E400 1.713E+01 6.877E+00 8,357E-02 14324E=01 14391E-0]

EHRORS © De2BOEYOT 24436408 1.767E408 2:409E+00 1.704E+01 6,852E+00 2.825E=04 Te05BE=04 2,318g-04
7 ‘  ATTITUE CROLL . YAW  PITCH DR CR op ROLL YAW  PITCH
K CANOPUS © ACQUIRED XI =+1192 =+4462 48R69 X1 41841  «1202 <9748 DR =,3728 <=.8838 =,2827
SR | 4 YI <6864 6084 43983 Yl 09062 4403Y .1251 CR 9135 =e4031  .05%% v
SUHSYSTEM  COMPUTER T Se Us  ATT. CONT. STAR [RCKR SUN bENbUR ISU/CePeSs COMa SYSTe HORIZ.SEN, ,
_STATUS . 1 U 1 1 1 1 1 0 0 0
EMD SEARCH FOR SUN=CANOPUS
rARGFTCT.“u*04&“‘04}#{)%“x)“%“0#%““0“0*900#6#9##0#09(}“#“#99606609“000
COAST FOR 1800.00 StCe (0D OH3OM 0.00S) - ,
| ANGLE St lWEEN CELESTIAL BODIESs:-76+66s BETWEEN OPTICAL AIDSZ 90400
DEAV BANDS  SEY MAX. o
ROLL 20400 64.00
C YAW 8400 H.00 \
. PLICH 20.00 22.66
MAMFEIVERS - ’ ' Co
PLICH «000DEG.  YAW «000UEGs ROLL  =+0010EGs IN 1800SEC, PN ‘
TAH(,FTC].Vualtou“u-1&0“4)4!#“*0#%%%““9“#0(&0“&”%QQPOQ“QQQGQOQQQGG-G-QQ,DQ“
i _ . . . ‘
AT 400D 1H 1M 0.005 :
o T= 34463660 Alr- 2+004T84BE+12 VEL= 1.8815780E¥08 ANG= 90010 LAT= =6.5096 LONG= 14044806 ‘e
‘ P=DR P=CR P=0P V=UR V=CR V=0p A=DR A=CR A=-0P .
comp, VEV. 24259608 2.464E407 . B,109E407 - 14378E+00- 1.814E+00 ©6,131E=01 8.357E=02 1.324E~01 14391E~0]
DEVIATIONS  €,322E+08 2.457E+08 1.943E+08 2.790E+400 1,720E+01 6.887E+00 - B,357E=02 1e324E~01 1.391E=0]
ERRORS  D.279E407 2.4643E+08 1,767E+08 20435E€%00 1e711E+01 6.8B63E+00 2.857E=04 1e09HE=03 2.4Bl1E=04 )
e ATTTTUVE RULL  Yaw  PITCH DR CR 0P _ROLL YAW  PITCH
CANOPUS: ACHQULRED XI. =ell92 =.64463 «8H69: XI 1881 #1202 *9748 DR =.3729 =.8838 <=,2827 1
: o ' YI - 06864 46084 43984 YL =.9062 44039 <1251 CR 49135 =+4031 0555
| LI =eT173 46563 42338  ZI =378/ <9069 1849 = OP =-,1630 =.2375 ,L9576.
i CSURSYSIEM COMPUTER L. Se Ue  ATT. CONTe STAR TRCKR SUN SENSOR ISU/C.P Se COMs SYSTe HORIZ,SEN, ‘
Teme STATUS o 1 s 1 1 1 0 0 0
! NDEADBAND ON AXTS 1 CHANGED TO - 410000 DEG, . ]
CDEADRAND UN aX1S 2 CHANGED TO «10000 DEG.
DEADRAND ON AXTS 3 CHANGED 10 «10000 VEG,
i i STATLON RANGE RANGE DOT AZM ELE. SUN ANG. ‘
e o CANRFRRA 2ebGaTulbELL2 -301099020E‘01‘ "'170"055 - 604115 - 680370
MEASUREMENT ERRORS RANGE ELEVATION ALIMUIH RANGE DOT (
INERTIAC SYSTEM  1.834227E408.  5.186116E-05  To851536E=05 1.674180E04
: ' . DSIF =0. -0 =0 4,100000E=-02
O AFTER KALMAN UPDLTE o B , ,
~ N - P=DR © P=CR p=0P . V=DR V=CR V=0P A-DR A-CR A=0P

COMP. DEVe €4322E+08 2.45TE+0B° 1,944E+08 - 2e/BYES00  1,720E+01 6.887£+00 7.1256~04 7,125 =04 7.125g=04

FIGURE B-4h. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Contlnued)
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B EREE

CTAHGET Cle @ & 6 0 % S & & & & 0 8- 04 & & & 0 5 6 4 G % DB T B 4 BB B b os BB B LA R N R U SR T 2 R R R N R ET Y

COAST For-

VEVIATIONS Ce322E+08 2.457L+08  1,943E+08 2.790£+00 1.720E40]1 ©6.887E+00

ILRHNHRS

8 Spon e

S

N 4‘“— Ny

oo s ERRE SR

Ko

ot I
P _} K

FITe T

et ]

1.109E+06 1{133E*06"1.297t006 24058E=02 B.390L=02 3.358E-02

"60600 SEC. (0D OH IM 0400S}

tur ANGLE BETWEEN CELESTIAL BODIES=

MANEYVERS

TTrDEAD BANDS | SET MAX.
' ROLL <10 64400
YAwW «10 Be00
PliCH 10 22466
PLICH <000DEG.  YAW

OOOODEQQ ROLL -gOOOUEGo IN

T6+66y BETWEEN OPTICAL AIDS=

TARGET CTe © # & & & # & & « R T I S TR R T S R S TSSO G

AT 400D JH 2M 0.00S

T2 34563720 aLT=

CANOPUS

ﬁHCUMP. OE

2+004THOYES12 VEL= 1.RB1ST6BE+08  ANGS

Ve

TUUUEVIATIONS

ERRORS

ATTITUDE

ACUUIKED

SURSYSIEM COAMPUIER
STATUS 1

AFTER MIUCOURSE CORRECITON, RMV=

W!'L09E+06w

P=DR
Ce322E+08
€.327e 408

1 LOYE*06
THULL
AL =el192
YI. 6864
21 =s7173
I. S: Ug
1

P=DK
2.322E+08
24322E408

OFF

CuMp, NEVa.
BEVTATIONS
, o ERHORS
ATT, COMTe TURNED
CEUMPITER TUrNMED OFF
Te So U THRNED OFF
STAR TRCKK TURMED OFF
SUN SENSUR TURNMED OFF
COM,. SYSTs TURNED OFF
) CUMP.‘ DEVe
DEVIATIONS
ERIRORS

TARGET Cle 3b 8 & & & @ & & 4 & 4 & & & & & & 0 & U # & 6 4 0 0 ¢ % & 6 0 8 % 4 & ¢ 0 6 06 6 % & 606 ¢ 48 U JEF S Y'Y

P=DR
243226408
24322E408
1.109€E+06

P=-CR
2.457E+08
2.657C+08
1+133E406

YAW
-e4463

«6084%

06563

ATT. CONTs STAR“THCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZeSENe

i

P=0P

l.044E+08
1.943L+08
1e2976+06
PITCH

«8869 Xl
« 3554 Yi
«2338 21

1

V-Ur
24 190L+00
2e790E£+00

bR
sllB1l

=+ 9062
‘0378?

1

1.436577E+00 (FT/SEC) »0O0F=14000

P=CR
2.45TE08

2e4DTE+0B

1.133E+06

P=CR
2.49(E+08
2+.497E+08
1.133E+06

COAST FOR - H90522.00 SECe ( 100 9H 2M 2400S)

CTARGET Cle # 4 8 & & % 20 ¢ & & 4 # # 6 € 9 & 4 4 & & & & 0 & o LA S S B B 2 2 T R IR S R R R T S G

Pl

P=0P

1.944E+08

1.,943E«08
1,7297€+06

P=OP
1.,944F+08
1.943E+08

1,297E+06

V=0R
3.752E+00
3.T52E+00
24050E-02

V=DR
3.752€+00
34152400

90.00

70677E-0“ 1.306E=03 705““E'Q4
160942z=03 2e4T78F=04

2.857E=04

60SEC.

LN R B SRR TR O N S T S R S S O Gy

90.010 LAT=  =645096 LONG= 1402307
V=CR V=0pP A-UR A-CR
1e7CUE*0]1.. 648B8TE+(0 7.125E=04 TelebE=~04
1.(@05*01* 6.887E*00 706776-0“ 1.423E-03
2+058E=02 8.392b=02 3.3958E~02 2.859E-04 1el1bE=03
CR op ROLL YAW PITCH
'120? 0974q DR =+3729 ~«8H38 -.2827-
,403? 01251' CH 09135 '|4031 .0555
=e906Y  +184Y 0P =,1630 =.2375> L9576
1 1 0 0
V=CR V=0pP A=DR A=-CR
1.632E+01  6.501E+00 7.125E=04 7.125E-04
1.632E+01 60.,501E400 7.677€=046 14323E-03
8¢376E-02 3.371E=02 2.859E=04 1.115£-03
V=CR V=0pP A=DR A=CR
1.632E+01 ©0.501E+400 T1.854E=01 7,854£=0]
10632E+01 6.501E400 74854E=01 7.854E=0]
Be376E=02 3.3T1E-02 T7T.854E=01 7.854E=0]

24050E=¢2

FIGURE B-4i. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

e S

’

A-0p
T2125E~04
TeS4TE=04
2¢4B9E-04

A=OP
7.1255-04

Te54T7E=04

24489£-04

A=0p
7QBS¢E'01
70854E‘01
Te854FE~01

-

R T2 L A R R

i R g



o€

AT 410N10H &M 24005

T= 35460262 ALTS
Comp, LEV.
VEVIATIONS

ERRORS

SURSYSTEM COMPUIER
[P : .. .ST A rus . : -U .

-

COMPUTER
 1.,5. {Je

ATTe CUNTG

S UAATTITUDE

2e5766392E412

P=DR

X1

" YI

Ll
)

.-0

V. 4TYE+OH
B.GBIE+0S

RULL.
=e1192

: «b6B6G
=+ 7173

Se Ue

VEL=
P=CH

186307756408
p=0P

O.4THESOY - 1,265E+402 2.365E+08
2.173E+06  2,367E+08
C2e1I3E+06

le314E+06

YAw - PITCH

e lt 463 «BB6Y Xl
« 6084 «3084 Yl
« 6963 «2338 21

ATT. CONTe STAR TRC
-0 : - " -0 N *

9063.00
- 906300
39057.00

SEC.
SEC.
SECe

SECe = o

ANG=
VeI

206063E+04
24664E+04
24306E£40]

R
1142
=999

© e0l10
KR SUN
e - -0

99&006

Ve
3.5/1
3.58
b.Q?

CR

<1908
- 0483
=e980%

TAKGET MISSy RMS= 2.17328510E+06s DUF=14000

LAT=
CR V0P
JE+04
QE+C4a
0E+01}

oP

«9750 . DR
«1250 CR
s 1H36 opP

SENSUR I§9(C’POS: COM,

0 -0

'6-0886

6.Y40E+03
6.,940E+03
44025E+0]

LONG=
A=DR

7.8548’01

Te854E=01

?0854E'01
YA
‘06072
~e 1580
~+2382

ROLL
=eT7448
«64T4
'01617
SYSTe HORIZ+SEN.
. 0 .

?08545'01
Te854E=01]
Te854E=01  74854E=0]

504976

A=CR A=QpP
TeB854F=0]

Te854E=01

PITCH
=e2768
-, 0792

t9577

CSTAR THCRR .o e 39057400 -
SUN SENSOR 39057.00 SEC.
e ASH/CePeSe " 9063.00 SEC. e -
g COM, SYSHe 34563720.00 SECe : .
e T T : ,HORI?-SENO . e R R " 0e00 :S"EC."»‘“‘ e e e e s ve e e e e a P
. ¥ -
i
. i . e e e e e e e R
B )

. FIGURE B-4j. AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)
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Ras

AE

v

B EXECUTION TIMESs STARI=B64.61y END=892,17, ELAPSED$273569(SE9-)

e g i - ot i
ISU COMPONENTS E
ACCELEROMe=  6G=177"" - ~ G66=177 - GG=177 GYRUSCOPES=  GG=49 6G=49
IS DATA ON TIME (HR)= 2,517
[ VE
T CuNTLIMG ( GIMBALED ) SPECIFIED
SUHSYSTEM PARAMETEKRS : ; .
S ‘ COMPUTERS © 'STAR TRCKR' "SUN SENSOR ~1SU/CePeSs 'COMe SYSTe HORIZeSEN,
TELEQYHE [TT-LUNL.OB ADCL=~1402 NONE MCR=503 NONE
TIME= 251! 10.849 10+849 - " 0.000 96014033 0,000 G.000
FNERGYS 176422 B6.193 54,246 0,000  33603.617 0,000 0,000
Pk H= 10«000 8000 5.000 0.000 3.500 0.000 0.000
PLFATLE <0005V «00012 <0001 0400000 +09159 0400000 0400000
WEIGH = 30009 - 7.000 2.000. 0s000 3e100 04000 0,000
ATTITUDL CONTROL SYSTEM ANALYSIS ON TIME (HR)=- 10,849
THIRUST STZING (Lb) : FUEL CUNSUMPTION (LB=SEC)
; ROLL Y AW PI1CH ROLL . YAW PITCH
- SOLAR PHESE 000V <0000 0000
CHETJIMPACT= <0000 «0000 «0001 SEARCHING= 4,0637 2.3089 0.0000
MANFUVERS = +009Y « 0099 <0099 DEAD BANUS <0001 e 4445 e2560
- MIDCOUKSE = 0.000V $31078 3718 MANEUVERS= «2793 e 1547 1917
HMAX o THRUS I = f009Y - L377H 3778 TOTAL [MP= 403431 2.9082 04477
NO. OF FIRINGS= 22466  TOTAL IMPULSE= - -7.6989 FUEL WEIGHT=  ,137481]
~ ENERGY SUUKCE DATA u - o ;
AR T TOTAL POWER=  321.500 TOTAL ENERGY= 34595.810
WIRING |
MIDCOURSE ENuINE
CEXPECTED DELTA~v= 13.435 DOF=1.000 CAPABILITY= 254357
PENALTY SUMMATION. PROBABILITIES - WEIGHT
INSUF ¢ MIUCOURSE FUEL= +05929 ASTRIONICS= 405,134
EACESSIVE T6Te MISS =  0,00000 SPACECRAFT=  1594.866
UNRELTABILITY = $ 09643 TOTAL=. 2000,000
ASTRIONICS TOTAL = 215000 |

66-49

TOTAL
TOTAL
TOTAL
TOTAL

ENERGY=

PeFAlL=
WEIGHT=

TOTAL
TOTAL
TOTAL
TOTAL

POWER =
PeFALL=
WEIGHT=

<

TOTAL
TOTAL
TOTAL
TOTAL

ENERGY=
POWER =
P«.FAIL=
WEIGHT=

TOTAL WEIGHT=

TOTAL WEIGHT=

TOTAL WEIGHT=

PENALTY (MODE 3)=

'FIGURE B-4k, AIDED CENTAUR SYSTEM ON SCHEDULE 1, LEVEL 2 EVALUATION (Continued)

POVWER =.

5664437

225,000
.00186
804000

ENERGY= 33920,88)

864500
» 09221
42,100

1084482
10000
e00279
21%215

124,117
110,000

27702

405413426



o | ~ PENALTY (MODE 3)
ERROR ANALYSIS (SCHEDULE NO. 1)

[4
- . t
B L

LAUNCH ep #0800 0.0 08 0 O 800080008 ds.n t/g,a*» L R R N N R R EEEE R

AT 0D OH OM o.oos

T= 0 .ALT= -4-7683716E-07 VEL®  2.3196861E+02 ANG= 904,000 LAT= 2845000 LONGz 8045000
’ : , P«DR P=CR P=0P V=DR V~CR V=0P A=DR A-CR A=0P
"‘COMP. DEV- 90 Oo 0. - 00 0. 0. O, De Q¢ °
DEVIATIONS 0. 0. - . 0. B 00' - ‘0. O.‘ 00 0. 0'
ERRORS O, O 0. O O 0. Ce O O
SURSYSTEM COMPUTER 1. Se U, ATT. CONT. sTAR TRCKR SUN SENSOR ISU/CeP¢Se COM, SYST. HOR1Z,SEN,
STATUS - -~ -} | S 0 .0 0 1 0 0 0 0
COM. SYSTo TURNED ON S ' o '
, P~DR P=CR p=0P V=0R V=CR V=0P A=DR A=CR A=0OP
; ComP, DEVO' 0 0, 0. Oe Ce Qe Oe Q. Qe
4 —— DEVIATIONS Q¢ 0o . 0, Qe 0. 0, O 0. Oe
L ERRORS 0, (U 0, OQ Oe Oe 0s Oe " O
LAUNCH - L A I I R R e S R R R R N T T T T T T T T S N
BURN FOR 5654000 S‘Co
ADD BURN ERRORS
PARK. FOR- 935,00 SEC, (3 00 OH15M35.00S)
. 4
" PARK R B AR B B R N R A S ) #'0 0 8.0 o 68 % 0 0008 80N 80008008800 R 0 En 8B
T AT 0D OH25M . 0.00S ' -
g I= ) 1500 ALT= 620761100E+05S VEL= 244239262E4+0% ANG= 904000 LAT= =5¢7054 LONG= =7.0921
I P=DR . P=CR p=0P V~DR V=CR V=0P A=DR A=CR A=0P
COMP. DEVe. 0, Oe ' 0. 0o 0o 0, 9.064Em05 94064E~05 9,064E=05
~DEVIATIONS 8 686E+03 6,062E403 2,556E403 1,306E401 '¢,388E400 2,151F=01 6,681E=05 1.3165~06 2,397F=04
‘ ERRORS B.686E*03 6,062E+403 2,556E+403° 1+4306E+0) 4,388E400 301515=01 1.082E=064 1,567E=06 2,7695=04
 SURSYSTEM chPUTER lIe Se Use” ATT. CONTe STAR TRCKR SUN SENoOR ISU/CePeSs COMe SYST. HORIZ¢SEN .
STATUS 1 1 0 0 o 1 1 0 -0 0
STATION RANGE. RANGE DOT AZM ELE, SUN ANG.
- —ASCENSION 2,8752678E406 1.5257582E404 73154 8.373 1114615
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE DOT
INERTIAL SYSTEM 4,575805E03 2+556166E-03 2¢300733E=03 8.262418E+00
T TPQe18 ~ 64700000E+01  4,500000E~04 4¢500000E=04 =0, )
AFTFR KALMAN UPDATE : - ' ; ' '
P=DR P=CR ' P=0P - V=DR ©_N=CR . V=0P A=DR A=CR A=QOp

comp, va. - B4636E403 5,953E+403 2,422E403 142926401 4.0T6Es00 2,728E=01 9¢322E=05 9.383E=05 2.2675-04
DEVIATIONS 84686E403 6,062E403° 2,556E403 143065401 4430888000 3.151E-01 64681E=05 . 1¢216E=04 2,397E-04

ERRORS = 94307E¢02 1,142E+03 8,181E¢02 1¢938E400 1.624E+00 1.576FE=0) 14070E=06 1¢5056~06 1.6875=04
; P‘ARR : oob&w“o.f“uu»up:oua«s#éaooa#u&a&bo«&nnnu#ub»».uaau»ow“u'és}bofruuu«
| PRE EEE S : . : . -
- PARK Fom | 81430 SEC. ( 0D OH 1M21.30S)

BURN FOR 9414500 SEC
ADD BURN ERRORS - A
COASY FOR ; «20 SECo (0D OH OM  ,L,205)

-

T ’ | FIGURE E-Sa. OPTIMUM SYSTEM ON SCHEDULE 1 WITH DEGRADED USBS 30 RADAR LEVEL 2 EVALUATION




[ R

i

ESCA@E 0 * 0 6 - 0 0 o O .6 8 Q Q Q * 5 B H H B 6 * Q & o 0 o 6 6 0 [ Q Q 0 # <% Q § LI T B R R B 6 # 8% & 8 a0 8 O
AT 2D OMA2M 3.00S ( - :
R 2523 aALTs 1:25685138#91" MEL= 447908635E+04 ANG= 424609 LAT=2 =28,4248 LONG= 4749456 '
3 P=DR P=CR p=-0P V<DR V=CR . ¥=0P A=DR A=CR A=0pP
COMP, DEV, =3.453E~04 0, «6,104E=05 =3,372E=07 0, 0, 1.975E=08 1.975E=08 14$75E~08
DEVIATIONS 4+3S6E+403 24958E+03 2,787C¢03 523305400 S5,016E400 5,319E400 24171E~06 2e262E=06 2+,533E=04
ERRORS 4s356E¢03 2,958E403 2,707E403 5.330E400 G5.816E+00 5¢319E¢00 24171E=04 2.262E~06 2,533FE=04
ATTEITUDE ROLL YAW - PITCH DR CR oP ROLL YAW PITCH
) X1 «e]1872 _ »,5823 ¢ 0033 X1 ~e.1872 ”09823 p0083' or 1,0000 =0000 «0000
Y1 '28845 el722 «Hh335 YI _'q8846 01722 e4335 CR «0000 1.0000 =,0000
21  =e4272 e0738 =49011 Z1 ‘-.4272 .0738 “aG0ll OP w,0000 «0000 1,0000
sussvsrsm __COMPUTER .+ S U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYSTe HORIZ.SEN.
STATUS 1 1 0 ) 0 0 1 1 0 0 0
ATT,  CONTe TURNED ON : :
L g P=DR -PeCR pP=QP- V=DR V=CR Ve0p A=DR A=CR A=OP
- COMP, DEVs =34453E~04 0, @6,104E=05 ~3,372E=0T7 0, O Tel25E=03 T,125E=03 7T.125F=03
- DEVIATIONS 4¢356E403 2,958E403 2,787E+03 S59330E400 SeBl6E«00 5.319E400 T4129E~03 7T412SE=03 74130E-03
- ——— -ERRORS 49356E403 2,958E+403 2,787E+03 54330E%00 S5.816E¢00 543196400 24171E=04 2¢262E-04 24533E-04
DEADRAND ON AX1S 1 CHANGED TO  20,00000 OEG.
DEADRAND ON AXTS 2 CHYNGED TO  20,00000 DEG,
DEADBAND. ON AXIS 3 CHANGED TO  20.00000 DEG.
~"STAR TRCKR TURNED ON
. SUN" SENSOR TURNED ON .
R ' P-DR P=CR p~0P V=DR V=CR V=0P A=DR A=CR A=0OP
- COMP, DEVs *3,453E=04 0, “6,104E=05 =3,372E~07 0. 0. 16425E=01 14425E=01 1.425F-0]
DEVIATIONS ' 44356E%03 2,958E+03 . 2,787E403 54330E400 -5,816E+00' 5,319E€¢00 1,4256=01 14425E=01 1e%425F~01
_ ERRORS 4e356E403 2,958E+03 2,78TE+03 54330E¢00 5.816E+00 5,319€¢00 2e262E«06 2.533F=04

v 20171E’04
BEGIN MANEUYERING TO LOCATE SUN=CANOPUS

LR Q"W‘*"& L -1 9 & & % & Q #* &0 8- # “ " & # -8 H & & B “ * o & # £ 0 0 B D b oo 4 o LI -

' ESCAPE

& o4 b o o o»
COAST FOR 900400 SECe (0D OHISM 0.00S)
ANGLE BETWEEN CELESTIAL BODIES= 97,325 BETWEEN OPTICAL AIDSE 90,00
DEAD BANDS  SET  MAX. | | g
| ROLL 20400 64400
S o : YAW 8,00 8,00
o SR "PITCH 20400 28468
| © MANEUVERS
B a0 PITCH 124,634DEGs  YAW =70,015DEGs ROLL 594862DEG. IN 900SEC
’EscAﬁe ’k o H # o8 “ . “ 0 N ENEY ® e Q L4 G # D 80 & 0 N 08 B Q * 008 ﬂ N BN NN R W S Iy A NS
AT 0D OMSTM 3.00S - , e o o "
o o, TET 3423 ALT= 448308954E+07 VEL= 443313231404 ANG= 164593 LATz =29,7368 LONG=  74.2506
L | - “P=DR P=CR P=OP V~DR V=CR V=0P" A-DR A-CR A=0P
8 -~ COMP, DEVe 0,  =B,632E-05 0, 0 0 0. 1.61BE=01 7,036E=02 14372E~01
. DEVIATIONS 9.306E¢03 7,829E403 7.364E+03 54597400 5,908E400 5,085E400 1.418E=01 "7.036E~02 1.3728-0]
I ERRORS 94306E403 7,829E403 7,364E+03 5.597E400 5.003E400 5.085E400 2.120E-04 1.916E~06 2.8095-04

OPTIMUM SYSTEM ON SCHEDULE 1 WITH DEGRADED USBS-30 RADAR, LEVEL 2 EVALUATION (Continued)

. FIGURE B-5b,




ATTITUDE ROLL CYAW . PITCH DR CR oP " ROLL  YAW  PITCH
e X1 =e2321 49305 =e2834 XI =.12246 «,9924 L0083 DR =,2123 1112  .9709
YI  «6276 =,0793 =¢7745 Y1 =48939 41138 44335  CR 2679 =.9488 L1673
ZI . =eT7431 =43576 =¢5656 Z1 =44312 40456 =:9011 OP  ,9398 +2956 ,1716 :

SUBSYSTEM __COMPUTER 1. Se Us  ATT. CONT, STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYSTe HORIZ.SEN
STATUS 1 ! 1 1 1 1 1 0 0 0

END MANEUVERINGsBEGIN SEARCH FOR SUN=-CANOPUS

N
ESCAPE LI I A U I A S O T . T N T SO S T S S S S S S S SO A U

coasr FOR 60400 SEC. ( 0D OH 1M 0.00S)
'ANGLE BETWEEN CELESTIAL BODIES=  97.32s BETWEEN OPTICAL AIDS= 90,00

S DEAD BANDS  SET MAX o
RoLL 20400 64400
YAW 8,00 8400
PITCH 20,00 28.68

MANEUVERS | } |
: PITCH =.000DEG.. YAW «,000DEG, ROLL =+001DEGe IN 60SEC.
SEARCH FOR SUN  IN  31.4 SECONDS WITH 1400000 PASSES

“ | 5 ANGULAR RATES (RAD/SEC)=ROLL 00001 +YAW  0.,00000 sPITCH 0400000

1

SEARCH FOR CANOPUS IN  28.6 SECONDS WITH  1.00000 PASSES

AN ANGULAR RATES (RAD/SEC)=ROLL 0400000 s YAW 0400000 yPITCH =,00001
ESCﬁpE ‘ ® B B .8 O 6 LI B Q LB BN I RN R I SR TR SR T SR S S R O S o.o LR B 2 S BN B BN )
AT 0D OHSBM 3.oos ; , ,i : ' - !
‘ T= 3483 ALT= 5e0840061E+07 VEL= 6.3117281E+04 ANG= 15,672 LAT= «29.6689 LONG=S 74.9188
3 ¥ P=DR P=CR . p=0OP V=0DR V=CR V=0P A=DR ‘A=CR A~QOP

COMP. DEVe ©,163E402 3,559E403 3,095E+403 24969E~01 " 2.575E400 2.S33E+00 14417E=01 T.042E=02 14372E~01
DEVIATIONS 9,640E403 B8,1715¢03 7,669E+03 54596E400 5.927E400 5,077E+00 1e417E=01 Te042E=02 14372E=01

ERRORS © 9.622E403 T 429E403  6,656E403 5.585E400 5.390E400 444629E+00. 14441FE~06 1.411E=04 2,2325504
S © ATTITUDE ROLL YAW  PITCH DR CR op ROLL YAW  -PITCH
“CANOPYUS  ACQUIRED ) X1 =~.2321 ¢9305 «,2n34 X1  =q1202 «=s9927 «0083 DR =~,2128 01133 e 9705

G | . YD 06276 =40793 «e7745  YI =e8542 . o1119 44335 CR 2674 ~e9486  ,169%
‘ . “ZI =eT431 =.3576 =45656 21 =44313 40447 =.9011 OP  ,9398 ,2956 L1716

. % SUBSYSTEM COMPUTER 1. Se Us ATTe CONT. STAR TRCKR SUN SENSOR ISU/C+PeSs COMs SYSTe HORIZSENe
: STATUS 1 I 1 1 1 1 1 0 "0 0
END sEARCH FOR SUN=CANOPUS § S o ' o

R
~ COMPUTER  TURNED OFF
“ e S¢ Us  TURNED OFF

PeDR  PeCR p=0P V~DR v=CR v-0P A=DR ' A=CR A=0P
COMP, DEVe 60163E402 3,559£403 3,895E603 2¢969E=01 2¢S5T5E400 2,533E400 1,417E-~01 7T.0426-02 1.372€-0]
DEVIATIONS 94640E+03 8.171E403 7,66%E+403 5.596E400 5.927E+00 5.077E¢00 1e417E=01 7To042E=02 14372E-01

FIGURE B-5c. OPTIMUM SYSTEM ON SCHEDULE 1 WITH DEGRADED USBS~30 RADAR, LEVEL 2 EVALUATION (Continued)

’_ i

M m M W M o R B cowonct SIS Wviou R S SRR sk R e | SeOtTIR S VEE: SR SRR RN SRUON S IPURE SN GRHE Y SRS SR AU,



I
R

16-9

\

St | i

T=. 3

ALT=

1¢4404029E+09 VEL=

1.0315087€405 ANG=

e SN it e S ot IO G B S|
i ERRORS 206226403 7.429E403 6,656E403 5.589E400 5.390E400 4.429E+00 1,641E=06 1.411E=04 2.225£-04
Esc&pg QGOQG“%O#GO%Q#QQ066“9#‘”60*0##“0QQQQ###QQQQQQQO“*“Q#QQ“Q
COAST FOR  32517.00 SECe ( 0D SH 1MS57.00S) o ‘
| ANGLE BETWEEN CELESTIAL BODIES= 97,21, BETWEEN OPTICAL AIDS=  90.00
DEAD BANDS  SET  MAX.
ROLL 20400 64400
YAW 8.00 8.00 A
PITCH 20,00 28479
- MANEYVERS | -
i PITCH ~+053DEG, YAW -n0094D.E_Go ROLL "_0_5150560 IN 32517SEC.
~ TRACKING STAR NO. 2 |
IESCAPE_“.06960“QGQOO%ﬂ&ﬂ“ﬁﬁﬁ“b“#ﬂQ%#Q”#ﬁbﬁ#ﬁﬁ-o@a“ﬂ“GOGQQG“Q“QQQG
AT 0DIOH OM 0,008 | 7 |
 T® - 36000 -ALT= 143681588E¢09 VEL® 9.8762677E406 ANGE  66.018 LAT= .=25,6796 LONGE =36.9497 .
P-~DR P=CR - peOP Y<DR V-CR V-0P A=DR A=-CR A=OP
COMP, DEV. 1,205E+04 9 2692904  8,016E404 34701E=01 2,769E600 2.322E600 14416E=01 T406TE=02 143727=01
DEVIATIONS 1,83SE405 2.249¢05 1,709E605 53095400 648082400 5,0276400 1u416E-01 To067E-02 1,372E=01
ERRORS 1¢8316405 2.oeea«os 14516E405 54296E400 6420TE400 4,4T5E400 2,496E=04 2.696E=06 6.885F-04
R ~ ATTITUDE ROLL.  YAW  PITCH . oR CR  op . ROLL YaW  PITCH
- CANOPUS ACQUIRED XI' =¢2334 © ,0328 42766 XI =40997 =¢9950 0082 DR =,2168 +1239  .0683
: S YI. 96264 =40718 «47762 YI =.3963 40936  ,4335  CR e 2641 =,9475  ,1804
211 =s7437  =43532 «e56T6  Z1 =,4321 40358 =o9011 OP  .9393  .2948 1727
 SUBSYSTEM COMPUTER Te Se Us  ATT. CONT4 STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ.SENs
STATUS ~0 -0 1 1 R 0 1 0 0 0
COMPUTER  TURNED ON
I¢ S.°Us TURNED ON | | | . .
: . P=DR- P=CR P=OP V~OR V=CR V-0P A=DR A~CR A=-0P
COMP, DEVs 1,205E404 9,26497404 8,016E+06 39701E~01 2,709E400 '2.323E400 1.416E=01 T,067E~02 1.272£-0]
DEVIATIONS 14835405 2,2495405 1,705E405 5.30CE¢00 6,8082+00 5.027E400 1416601 70067502  14372E-01
ERRORS 1,831E405 2,0665405 1, S16E405  5e296E400 6.267E+00 4.4TSEeQ0 24496E-04 2.690E~04 6.3850-04
ESCAPE #0060 00 a LR A R o o LI A LR T I AR b6 8.8 2 0w 8o# R I E R E R R a-
COAST FOR 1800400 SECs ( 0D OH30M 04005} ‘
© ANGLE BETWEEN CELESTIAL aooxas= 97.20’“§ETWEEN OPTICAL AIDS= 90,00
‘ DEAD BANDS  SET  MAX.
CROLL 20,00 64400
TYAW  B,00 8,00 - -
PITCH 20400 28,80 | .
MANEUVERS ‘. , | | : | o o
o | PITCH  =.003DEGs  YAW  =.0050EG. ROLL  =+028DEG. IN. 1800SEC,
ESCASE WS A S T AL AR A ML T T S A e T I T I I R R I I A O s e oo LA
AT ODIOH30M 0.00S |
7800 674105 LAT= 25,6632 LONG= =44.3869

-



-Zg-g .

STATUS B |

p=0P V=DR

IS 1 1 1 1

: rEiQURMwB SemmMQPl”,,M SVQTEM ON SCQ“MMLE,wWHITP m*‘GR/STWT‘ Us R9330,RAQAR£ TRVEY. 7 EVATUTATINN (Cor+inued) , . ‘

: P=DR P=CR V=CR V0P A=DR A=CR A=OP
COMP, DEVe 1e272E¢04 Q,74T7E+04 8,434E604 3e702E=0) -2,7T0E+00 2,323E400 1.416E=01 " T,065E=02 1,372E=01
DEVIATIONS 1,931E405 2,372E405 1,799E405 5e307E400 0,812E+00 S.027E+00 1¢416E~=01 74065502 1,372F=01
ERRORS 149276405 241798405 1,596E405 5.294E%00 ©.270E+00 4,47S5E+00 3.045E=04 3.212E=04 7Tel03E~04
| ATTITUDE ROLL. YAW  PITCH DR CR oP ‘ROLL YAW  PITCH '
CANOPUS  ACQUIRED XI =e2335 49329 =e2741 X1  =,0997 =eQ950 +0082 DR =,2168 L1234  .9684
TY1 6266 =40713 =e7763 Y1 =48963 40936 44335 CR 2641 =e94T6 41799
ZI '97438 "03529 ""05677 ZI "04321 30358 "09011 op 09398 22948 .1728
SURSYSTEM COMPUTER 1. Se U,  ATT. CONT. STAR TRCKR SUN SENSOR 1SU/CePeSe COMe SYSTe HORIZ4SENs -
STATUS 1 D! 1 1 1 1 i 1 0 0 0
DEADBAND ON AX1S 1 CHANGED T0 «10000 DEG, :
DEADRAND ON AXTS 2 CHANGED TO 410000 DEG,
DEADRAND ON AX1S 3 CHANGED TO. «10000 DEG,
STATION RANGE RANGE DOT AZM ELE. SUN ANG.
ASCENSION  1,4439360E409 4,0809050E+04 =1250447 55,969 804860
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE DOTY
INERTIAL SYSTEM 1.947298E405  14568034E=04 140011059E=04 1,228915Es+01
USBS=39 647000005401 1+780000E=03  14780000E=03 5,000000£=01
AFTER KALMAN UPDATE L
e P=DR “P=CR p=0P V~DR V-CR v=-0P ‘A=DR A=CR A=0P
_COMP, DEVe 1¢931E%05 2,329E405 1,121E+405 543075400 6,678E+00 3,149E+00 T.125E=04 7,125E=04 7.125£=04
DEVIATIONS 1.4931E405 2.3726405 1,709E405 5¢307E¢00 6,812E400 5,0276400 T.598E=06 T4815E~04 14006503
' T ERRORS 1e364E+03, 4,208E404 1,416E+05 24145802 1.266E+00 3.941E+00 2, 63BE~04  3,209E=04 7,103E~04
ESCAPE BLAR LS We w086 #8008 pd 00 e s s 0w IR B R I R N SN O S G S S S
- CoaST FoR . 60400 SEC, ( 0D OH IM O 008)
/  ANGLE agwwﬁaw,CELESTIAL BODIES=  97.209 BETWEEN OPTICAL AIDS= 90,00
DEAD BANDS  SET MAX o .
ROLL 010 64400 ‘
Y AW «10° 8,00
, PITCH «10 28480 o
MANEUVERS | : R
| PITCH  =.000DEGs  YAW  «¢0000EGe ROLL  =+001DEG. IN 60SEC,
ESCAPE"" 669“@"‘{#6‘}6&46#-##Q-GO#Q’QQQ-‘%"”.‘#%ﬁé--QQGQQGQ'ﬁb/-&Q‘QOQ-QO“GODGO-Qoﬂ'ﬂ
AT 0D10M31M 0,005 . . | _
T= 37860 ALT=3 1+4428110E¢09 VEL= 1,0329770E405 ANG= 674140 LAT= =25,6627 LONG= =4446349
P=DR P-CR PeOP v=-DR V=CR V~0P A=DR h=CR A-OP
COMP, DEVe 14934E405 2,333£405 1,122E405 5.307E400 ©,678E400 3,149E400 7.125E=04 7.125E~04 7T.125E-04
DEVIATIONS 14934E+05 2,376E405 1,802E405 5¢307E400 6,812E400 5.027E+00 Te601E~04 ToH28E~06 1,007E=03
ERRORS 143662403 4,216E404 1.419E605 2¢145E«02 14266E400 3.941E400 2,648E=04 3,241E~04 7.117E-06
~ i ATTITUDE | ROLL YAW  PITCH ‘ DR CR . op ~_ ROLL YA PITCH
~ CANOPUS " ACQUIRED X1 =42335 49329 =e2741 X1 «.0997 =+9950 40082 DR =,2168 1234 ,9684
o ‘ o YI  «6266 #0713 =e7763 Y1 =,8963 .0934 ¢4335  CR  ,264]1 =eS476 L1799
Z1 =e7638 =.3529 ' =¢5477 ZI- =44321° 40358 =.9011 OP  ,9393  .2948 ,1728
SUBSYSTEM COMPUTER 14 Se Use  ATT. CONT. STAR. TRCKR SUN SENSOR ISU/CeP.S. COMs SYSTe HORIZ.SENe

T 1 0 0 0




_g6-9

. COMPUTER

. ESCAPE.

P=DR

COMP, DEV, 1e934E405

DEVIATIO
8 ERRORS
OEADRAND ON AXTIS

DEADRAND .ON AX1S.

TURNED
le Se Us TURNED
ATT, CONTe TURNED
STAR TRCKR TURNED
SUN SENSOR TURNED

- COMP 4 DE

DEVIATIO

ERRORS

AT 400D OH OM 0,00S

NS

1.
1,

934E+05
364703

| 1 CHANGED TO
DEADRAND ON AXTS 2 CHANGED TO
3 CHANGED 70O

OFF

OFF

OFF
OFF

OFF

Ve
NS

2¢5049048E+12 VEL= 1.88]16539E+08

'1.

P=DR .
934E+05

1.934E405
1¢364E+03

¥ 2% ' ’ "
Bedoialnk [NCETRECS B i 4

P=CR P=0P
2.333E+05 1,122C+05
243765405 1,802E+405

Ho2)10E+046 )1, ,61GE«05
20,00000 DEG, ‘
20.00000 DEG,
20,00000 DEG,

P=CR P=0P
24333E405 1,122E¢05
2.376E+05 1,802E«05
4e216E404 1,4152405

L RN SR T S T SR T TR U SR TSN S S S S U S S

COAST FOR 34522140.00 SEC, (399D13H29M 0.00S)

TARGET CTs @ & & 0 8 % & & & & 0.0 6 0. 0 # 0 060 6 0
., L3 : . . . B

- BEGIN MANEUVERING TO LOCATE SUN=CANOPUS

R}

"RTRTCIIRE RS fF

ADTTMITM CYUCTTM AN C AITITTTTT T

COAST FOR 1800400 SEC. { 0D OH30M 0+00S)

V«DR
3e948E¢00
339485‘00
24618E"02

V=«DR
339485‘00
33948E°00
2.618E=02

LN TR I IR L R - JER TN S-S Y

LI IR K NN N R R W

1 YTYTMIT TATVIZIVS A TN TITN TTOY 35 %

. AFTER 'MIDCOURSE CORRECTION, RMV3  7.370912E+00 (FT/SEC) 1DOF=1,000 °

V=CR
2.566E+00
2.8/2E400
1.265E¢00

V=CR
2.566E00

24 BT2E+00

14205E4+00

YIY O OYe A TR & TR

V=QP
20543E‘°0

‘/5.656E000
'3,940£400

V=0P
24543E+00
4,655E400
§0940E000

4 % B ¥ o

s & % 0 o

=6.5116

- P

. A=CR
74125604 7.125E=04
Te601E=04 T4828BE~C4
Ce64BE04 3,241E-04

A=DR

A-~DR A=-CR
Te854E=01 To854E=01
7.85“E'01 7085¢E'01
Te854E~01 7.854E~01

B0 OB 0B b F e B

R SO S S SO

- T2 34560000 ALT= ANG= 90,010 LAT= LONG= 155.7267
; : P«DR P'CB, P=0P V=DR v=CR V=OP A=DR A=-CR
. COMPy, DEV.; 10132E408 1,166E407 4,779E«07 6e972E=01 1.007E«00 3.435E=01 T.854E«=0) T.854E=01
“DEVIATiONS‘ 1e178E+08  1,561F+08 1,211E+08 IQGSZE*OO 1.087E+01 4,369E+00 TeB854E=01 T.854E=01
ERRORS.. . 3,351E407 1,557E408 1,1206408 14528E400 1,083E601 4.360E+00 TogS6E~0]1 7,654E-01
ATTITUDEWWfi ROLL YAW . PITCH DR QR or ROLL YAU PITCH
Xl =42339 %9329 «,2741 ‘X1 «1881 «1202 « 9748 DR =,3299 «3738 e 8669
YI 06264 =4,0713 ~e7763 YI =.9062 34039 +1251 CR « 83994 4034 e1683
LI *eT7438 «,3529 w5877 Z; ”93787 -q?06? .184? 0P «~,2868 «8352 =,4693
kSUBSYSTEM COMPUTER le Se U, ATTs CONT. STAR IBCKR SUN SENSOR'I$U/C.P.$. COMe SYSTe HOR!Z,SEN,
STATUS =0 «0 0 0 0 0 ) 0 0
COMPUTER TURNED ON i
I¢ Se Ue. TURNED ON -
SUN SENSOR TURNED ON
STAR TRCKR TURNED ON
ATT,. CONT. TURNED ON ]
P=DR P=CR p=~0P V=DR V=CR V=0p . A=DR A=CR
COMP, DEVe 1¢132E408 .1,166E+07 B, TTOES0T7  _64372E=01 1.007E+900 3.435E-01 1e425E=01 1e425E=0]
DEVIATIONS 1¢178E+08 1,561E408 1.211E408 14682E400 1.0%?5001 @.369E‘00 Te854E=01 TeB54E=01
~ERRORS 3.351E+07 1.,557E*08 1,120E408 1!5285‘00 1¢083E+01 4,350E+00 Te854E=01 7.8545701

A=Dp
Tel25E=04
1.007E-03
TellTE~04

A=0P
Te854E«01
TeB854E=-01
Te854E~D1

L. O - B )

L S R Y

A=0p
708546‘01
7.8545'01
1¢854F«01

A=0OPp
1¢425E=01
7'8545-01
Te854E=01

TARGET CTe ® & & 4 0 % 0 0 & 6 0 0 6 0 6 0 6 6 4 6 6 6 6 008 8 6606048 0 L R I T I T T N S S S O S

L



i S TR ST S e ek ar

VSjH

EAR ARG .o SN A i PN Vo gelda LRI G AR U e e e et et e e e o

' ' ANGLE BETWEEN CELESTIAL 20DIES= 764669 BETWEEN OPTICAL AIDSs 90,00
DEAD BANDS  SET MAX. i '
ROLL 20.00 64400 o '
YAW 8400 8400 : ‘
o PITCH 20,00 22.66 ;
MANEUVERS : :
. PITCH  54360DEGe  YAW  5,3350EGs ROLL=~133¢476DEG, IN 1800SEC,

TARGET-CTe—# & & 6 6 # 0 & ¢ 0 & 6 & 0 8 0 5 0 5 6 0 8 08608 080D 0 06008380 0460060006806006080O006 00

AT 400D OH30M 0,005 | |
~ T= 34561800 ALT3 2¢6048474EF12 VEL= 1,8816163E408 ANG= 90,010 LAT= =6.5106 LONG= 14842286 S
“PeDR P=CR- P-0P V=-DR V=CR- V=-0P A=DR A-CR A=OP
COMP, DEVe '1,132E408 . 1,166E407 4,779E+07 60923E=01 1,008E400 3,421E~01 B8,357E=02 1.326E=01 1.391f=01
'DEVIATIONS 1,178£408 1,561£408 1,211E408 1c686E400 1,0SHE+01 44372E400 T4BS4E=0] 7.854E=01 7T.056F=01]
"—fERRORS 34351E407 1.557E*08' 1,120E608 14534E400 1-0955601 4e363E400 - T4B54E=01 TeB854E~01 7.554E=01

ATTITUDE ~ ROLL  YAW  PIYCH DR CR op - ROLL  YAW  PITCH
X1 =e1192  =,4462 48769 XI «1881 01202 ¢9748 DR =,.3728 =~.8838 «,2827 .
YI 46864 6084 43983 YD =49062  +4039 41251 CR  ,9135 =,4031 0555
Z1 =e7173 46563 42338 ZI =¢3787 =09069 41849 OP =.1630 =2375 .9576

SUBSYSTEM- COMPUTER  Is Se¢ Us  ATT, CONTe STAR TRCKR SUN SENSOR ISU/CaPeSe COMs SYSTe HORIZ4SEN. .
' sTATUS 1 ) S | 1 1 1 1 0 0 0

i END MANEUVERINGsBEGIN SEARCH FOR SUNACANOPUS

TARGEY CTe ® o & & f #0000 s o0 oo aw LA I SR SR I A A L BB I A I B A IR A S N S
COAST FOR .- 60,00 SEC. ( 0D OH 1M 0.00S) |
I | ANGLE BETWEEN CELESTIAL BODIESs 76066y BETWEEN OPTICAL AIDS= 90,00
DEAD BANDS SET . MAXe 3

RoLL 20400 66400 ’ .-
YAW 8,00 8,00 :

i ~ PITcH 20,00 22.66 - _ i ' T
- MANEUVERS R _
B ~ P1TcH +000DEGs  YAW »000DEGs ~ROLL  =~¢000DEG. IN 60SECe
SEARCH FOR SUN IN 3044 SECONDS WITH 1400000 PASSES = . - -
~ _ANGULAR RATES (RAD/SEC)=ROLL +02583 CsYAW  0,00000  sPITCH 0400000

SEARCH FOR CANOPUS = IN  29.6 SECONDS WITH  1.00000 PASSES o o L
‘ ~ ANGULAR RATES (RaD/SEC)ZROLL 400000 sYAW  ,02583 WPITCH 000000

':rggAyR(G‘ETﬂch,.QooayﬂﬂuconuaaucaahooQQ#o.#&ua#oa»oqnauouaoocooo0»4&9&4&#69

" AT 400D -OM31M 0.00S

T= 34561860 ALT= 2+5048455F12 VEL= 1.8316150E+08 ANG= 90,010 LAT= =6,5106 LONG= 147.9787
| P=DR  P=CR p=0P V=DR V=CR V0P A=DR  A=~CR A=OP

 FIGURE B-5g. OPTIMUM SYSTEM ON SCHEDULE 1 WITH DEGRADED USBS-30 RADAR . LFVEL 2 EVALUATTION (Continued)
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3 i ¥ ¥ DR | Ey M m m- N i S —
. COMP, DEVs 1.132E408 1.166E407 4,7TT9Es07 6.921E~01 1,008E+00 3.421E=01 B84357E~02 1,324E~01 1,391E=01
DEVIATIONS 1-178E‘08 1¢561E408 1,2)11E408 14686E400 1,088E401 4,372E400 B8,357E=02 1.324E=~01 1.291F-01
ERRORS +351E407 1,557E408 1,120E+08 14534400 14085E+01 4,363E400 2.826E=04 7T.0536-04 24318E-04
, ATTITUOE ROLL YAY  PITCH DR CR 0P ROLL YAW  PITCH .
CANOPUS ACGUIRED X1 =e1192 46462 48269 X1 4188l 41202 49748 DR =,3728 =.8838 =,2827
'~ YI 6864 46084 43983 Y1 =,5062  ¢6039 .1251 CR  ,9135 ~.4031 ,0555
LD =eT173 46563 42338 ZI =e3787 ®3069 41849 0P ~,1630 -=e2375  ,9576
SUBSYSTEM COMPUTER 1, Se Us  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSs COMs SYSTe HORIZeSENe
STATUS 1 1 1 0 A

. END SEARCH FOR SUN-CANOPUS

TARGET CT. ® . L) . “ LA o A & 8 ®

COAST FOR 1800.00 SEC. { 0D OH30M 0,00S)

ANGLE BETWEEN CELESTIAL BODIES=

DEAD BANDS SET MAX.e
ROLL 20400 6400
YAVW 8,00 B8.00
‘ © PIICH 20,00 22.66
) MANEUVERS et ; ‘

TARGETWCT.QQQ#Q”“Q&QOQ*%Q#QQOQ“906#6#0#999&

AT 400D TH 1M 0,005

1 1 1 1 0
#8688 0000080800800000083000000 #8000 0 e

76466y BETWEEN OPTICAL AIDSS 90,00

00DEG, ROLL ~y0010EG, IN 1800SEC,

LI R I T T I R SO S S S S G O VI

T2 34563660 ALT= 2.6047883E¢12 VEL= 1.8815780E+08 ANG= 90,010 LAT=  «=645096 LONG= 14044806
AL P=DR P=CR p=0P V~DR V=CR V=0P A=DR A=-CR A=0P
COMP, DEVe 1,132E408 1,166E407 4,779E+07. 6¢781E~01 1.0125¢00 3,.381E=01 8,357E=~02 10324E=01 14391F-0}
‘DEVIATIONS 1.178E08 1,561E408 1,211E+08 1¢695E400 14093E+01 4¢37BE%00 8¢357E=02 14324E~01 1.391F-01
ERRORS 3¢350E407 " 1,558E408 1,120E¢08 1¢551E400 1,0860E«01 44370E400 3.352F~04 T.280E=06 2:936E=04
o ATTITUOE ROLL YAW PITCH . DR CcR op ROLL YAV PITCH
CANOPUS  ACQUIRED - X1 =e1192  =,4463 48869 XI 41881 41202 49748 DR =,3729 =~.8838 =,2827
~ : YI 06864 46084 43084 YI =.9062 <4039 (1251 CR _,9135 =.4031 .0555
) R 21 “"_7173 06563 02338 ZI "03787 '09069 018'69 0P «,1630 =,2375 e 9575
SURSYSTEM COMPUTER I, Se Us  ATT. CONT. STAR TRCKR SUN SENSOR 1SU/CePeSe COMs SYSTe HORIZ4SEN,
STATUS 1 ) T - 1 1 1 1 0 0 0
DEADRAND ON AX1S 1 CHANGED T0 ,,.1oooo DEG., .
'DEADRAND ON .AX1S 2 CHANGED TO «10000 DEG,
DEADRAND ON AX1S 3 CHANGED TO ~ «10000 DEG, .
 STATION RANGE RANGE DOT AZM ELE. SUN ANG, .
. ““CANRFQRA Ce6047916E412 =3,1699020E404 «174455 604115 684370 )
SRR ASUREMaNT ERRORS RANGE ELEVATION AZIMUTH RANGE DOT
. INERTIAL SYSTEM  1.170199E+083 3.253253&-05 4¢994530E=05 1.064133E+04
, DSIF -0, “0, “0e 44100000E-02
~ AFTER KALMAN UPDATE { ’ B
~ : P=~DR P=CR - p~0P V=DR v=CR V=0P - A=DR A=~CR A=0p
COMP, DEV. 1e178E+08 166952400 14C92E401 4.378£400 7.125E=06 74125206 7.,i25F=04

1.561E+08

i e - e S

D e b o ol L vty T}



DEVIATIONS _14178E408 _1.561E408 1,211E+08 1¢695E400 14093Es01 4,378E+00 7.808E~04 1,018E=03 7,694E=04

ERRORS 6.093E405 2.782E+06 3,000E406 14724E=02 94205E=02 444B0E=02 3,193E~04 T.275E=04 2,903E-04
? T“RGE.T,:.CT,;_,Q,,_G““0““&4{@#““&9#‘660“““*6##000“%Q“Q“QQHGQ“Q*Q%““QQ'QQﬂ*'&“ﬂ
W : S B '
COAST FOR 60,00 SEC. (0D OH 1M 0.00S)
[SREE S L | ANGLE BETWEEN. CELESTIAL BODIES= = 764664 BETWEEN OPTICAL AIDSs 90400
S DEAD  BANDS ~ SET  MAX,
ROLL ~ ¢10 64400 "
YAW  o10  £400
PLTCH 010 22.66
MANEUVERS |
PLTCH  +000DEGe YAW  ,000DEGe ROLL  =<000DEG. IN 60SEC.
TARGETCT.QQD“O*QQGOO“#Q}'“QQO“Q*Qﬂ%ﬂﬁ@ﬁ#ﬁ”@@“ﬂ@@#ﬁ“ﬁQQQGGOGQ'OQQQG‘Q
. AT 400D 1H 2M 0.00S _ » )
* T= 34563720 ALTe 2:6047869E¢12 VEL= 1.8815768E408 ANG= 90,010 LAT= . =6.5096 LONG= 14042307 _
' P=~DR P=CR p=0P V=CR V-CR v-0P A=DR A=CR A=0P
COMP, DEVs  L4178E408 1,561E408 1,211F+08 1,695€¢00 1,093E+01 4,378E400 7,125E=04 7.125£=04 7.1255-04
DEVIATIONS 1.1782+08 1,561E408 1,211E«08 106956400 1,093Ee601 4,379E400 7.817E=04 1.019E=03 7,707E-04
 ERRORS . ©4093E405 2,782E406 3,000Ee06 1e725E~02 9.206E-02 4.482E-02 3.216E-06 7.200E=04 2,937E~04
‘. ATTITUDE  ROLL _ YAW  PITCH DR CR 0P RoLL Yaw  PITCH
CANOPUS  ACQUIRED XTI =e1192 =¢6463 48869 XI 41881 41202 49748 DR =,3729 =.8838 =,2827
L , YD 46864 46084 43984 Y1 =49062 44039 51251 CR 9135 =403l L0555
ZI =e7173 46563 42338~ ZI =.3787 =,9069 41849 0P =,1630 =.2375  .9576
SURSYSTEM conpuren o Se Us ' ATT, CONT. STAR TRCKR SUN SENSOR ISU/CePeSc COMs SYSTe HORIZ.SEN,
STATUS  — 1 1 S 1 1 ' 1 0 0 0
‘ AFTER ‘MIDCOURSE CORRECTION, RMV=  9.162126E=01 (FT/SEC) »DOF=1.000
- , | f . P=DR ' P=CR PeOP V~OR V=CR Ve0P A=OR AmCR  A=OP

COMP, DEVe 1o178E¢0B 1,561E408 1,211E408 2¢3338:00 1.036E601 4,132E400 7Te125E=04 Tol25E~06 Te125E«04
DEVIATIONS 1¢178E*08 1,561E¢08 1,211E+08 24333600 14037E401 4,132E400 7+817E=04 14019E=03 7.707£-04

= ERRORS ' 64093E405 2,782E+06 3,000E406 1e779E~02 94176E=02 4,4T2E=02 3.216E=04 T.290E=04 2.937€E~04
COMPYTER TURNED OFF
1o Se Us TURNED OFF
STAR TRCKR TURNED.OFF
SUN SENSOR TURNED: OFF
COMe SYSTe TURNED OFF

g P=DR P=CR pP=-0P VelR " V=CR vV=0pP A=DR- A=CR A=QP

COMP, DEVe 1a178E+08 1,5617408 1,211E408 2.333E¢00 1.036E401- 4,132E+00 7.854E~01 . T.854E=01 7T485%E=01
DEVIATIONS 1e178E+08 1,561E¢08 1.211E+08 2.332E+G0 1o 0375001 4o132E400 T7eR54E=01 7.854E~01 7.854£=-01
ERRORS 6 093E405 2,782E«06 3,000E+06 14775E=02 9.1768*02 4e4T2E=02 TaB54E=01 T854E=01 7.8547=-01

TARGETC]’.Q#%O%“ﬁ#“*ﬁ““&ﬁ#-}i}%b“ﬁ%&#Qu&%&%&b”dﬂ#%&@ﬁbﬂ#bbQ\‘t,ﬁﬁﬂ"-}{}%u

coAsr FoR 896522.00 SECe { 10D 9H 2M 2.00S) . -

-y

o

o 'ﬂ-«

TT“T DEGRADED USBS-30 RADAR, LEVEL EVALUATION (Contlnued)
”'EM?! A‘f**"“”‘j &E:?EE"_‘& i‘ﬂ?‘"ﬁ:“:j ;;: =

K.L LA ‘L.‘.‘_..:I‘"" C.v., 1.,w 14 E i ;‘.
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ol wmﬂq" Tomniegi

TGS kel i

AT 410ND10H 4M 2,00S

T= 35660262 ALT® 245764392E12 VEL= 1,8630775E+08 ANG= 90,006 LAT= =6.0886 LONG= 504976

R . P=CR P=OP “V=0R V=CR V=0P

COMP, DEVe 4,1Z1540B «2,809€401 .1,516E+08 1eGBTE®04 2.,280E404 44,414E+403 7.854E=0)1 T.854E=01
DEVIATIONS Z,1225+08 S5.520E+06  1,517E+08 1.687E+04 2.281E404 4,417E«03 7,854E=01 ‘T.854E=0]

ERRORS 1.0432+06 5.520E¢06 3,803€406 34C65E401 T.0%0E+01 143628402 7,856E=01 7.854E=01
ATTITUDE ROLL YAW  PITCH DR CR op ROLL YAW  PITCH
= XI  +:1192 =.44623 8869 X1 el142 «1908 « 27590 DR =q,7448 =46072 =,2768
Yl 6864 L6084 3984 YI =.9906 '00483 01255 CR «H0T4 =e7580 =,0792
21 =eT173 46563 42338  ZI 20710 =49804 41836 0P =,1617 =.2382 ,9577
SUBSYSTEM COMPUTER 1. Se Us  ATT.-CONTe STAR TRCKR SUN SENSOR ISU/CePeSe COM. SYSTe HORIZ.SENs
0 0

STATUS — =0 -0 0 -0 -0 0 -0

TARGET MISS, RMS= 5.51993082E+06s DOF=1.000

COMPUTER | . 9063.00 SEC.

1. Se Ue : 9063-OO:SEC6

ATTe CONT, © 1 39057.00 SECe

STAR TRCKR ; . 39057400 SECe

. SUN SENSOR "39057,00 SECs
ISU/CePeSe 9063400 SECe

o COM, SYST, 34563720400 SECe
) - HORIZWSEN, I ‘ 0¢00 SECe

R

Y

A=OR

woo F

A=CR

BEREans. P

A=0pP
Te856E=01
708545’0}
Te854E=01

- FIGURE B-5j. OPTIMUM SYSTEM ON SCHEDULE 1 WITH DEGRADED USBS-30 RADAR, LEVEL 2 EVALUATION (Continued)



1SU COMPONENTS

‘:i ACC‘LEROM.= GG=177 © GG=177 GG=177 . GYROSCOPES= 18~1f31G=-B 18=1RIG~B  18~IRIG-B
o !
v ISU DATA(HORIZONTAL DESIGN NUMBER S OPTIMUM) ON TIME (HR)= 2,517
OUTSIDE DIMENSIONS WEIGHT ; WEIGHT : EXCIT.ENERGY=  108,00]
LENGTH= 10,200 BLOCK= 54407 INSULATION= 1.019 EXCIT«POWER = 424900
C WIDTH= Te500 BASE=. 345490 ELECTRCGNICS= 10,000 TOTAL PW.FAIL= 00062
HEIGHT= 4,610 COVER= 24171 COMPONENTS= 44500 | TOTAL WEIGHT= 264637

1SU THERMAL ANALYSIS

MAXeHEATER.POWER= 964525 MAXe THERMAL COND,= Fe 1450 TOTAL ENERGY= 174,274
; ; MINeHEATER POWER= <e000 ‘ MINe THERMAL COND,= 1.0725 TOTAL PCWER = 139,425
, sussvsrsm PARAMETERS
P . "’coMPu*ERs . STAR TRCKR SUN SENSOR ISU/CePsSs CUMe SYSTe HORIZeSEN,
Ao “SIGN III . ITT=-LUN.OB ADCL~1402 NONE MCR=503 NONE
' TIME=_ 24517 10.849 10.849 0,000 9601%033 04000 0,000 ‘
ENERGYS 289.512 864793 564248 0000 33603.617 0.000 0,000 TOTAL ENERGY= 34034,168
 POWER= 115,000 8,000 5.000 06800 3.500 0.000 . 0,000 TOTAL POWER = 131,500
PJFAILE ¢ 00045 000012 . «00011 000000 «09155 0,00000 0400000 TOTAL PLFAIL= »0921¢
WEIGHT= =~ 274000 7.000 24000 0000 3.100 0,000 0.000 TOTAL WEIGHT= 32,100
ATTITUDE CONTROL SYSTEM ANALYSIS ' ' ON TIME (HR)= 10,849
THRUST S1ZING (LB) SRR FUEL CONSUMPTION (LB=SEC)
) , ROLL YAW PITCH ROLL YAW PITCH
SOLAR PRESs= ¢ 0000 - «0000 «0000 o '
MET,IMPACT= <0000 20000 ~ #0601 SEARCHING= 4,0598 243060 W 0007
MANEUVERS = 00069 0099 L0098 . DEAD BAND= 20001 440645 v2560 ‘
. MIDCOURSE = 060000 = 3778 e3778 MANEUVERSS <2793 01547 W1917 TOTAL ENERGY= 108,492
~ MAX, THRUST= 00099 #3778 $3778 T TOTAL MmpP= 443392 29052 4686 TOTAL POYER = 10,000
R ‘ ' ’ TOTAL Pe.FAIL= «00273
- . NO, OF FIRINGS= 226446 TOTAL IMPULSE= ~ T7.6928 FUEL WEIGHT= 137372 TOTAL WEIGHT= 21,215
“ENERGY SOURCE DATA - S »
B ‘ ‘ TOTAL POWER= 280,925 TOTAL ENERGY= 343164934 : TOTAL WEIGHT=  110.119
WIRING , - TOTAL WEIGHT= = 110,000
'~MIDCOUQSE ENGINE ; - . ,
o "EXPECTED DELTA«V2 7,428 DOF=1,000 CAPABILITY= 13953 ©oomom T T TOTAL  WEIGHT= . 24,376
PENALTY SUMMATTION i PROBABILITIES =~ v . WEIGHT-
- INSUF ¢MIDCOURSE FUEL= « 06051 ASTRIONICSS 331,447 ) )
EXCESSIVE TG8T. MISS = «00000 ' SPACECRAFT= 1668,553 = T
CUNRELIABILITY = . 09525 , TOTAL= 2000,000 .
ASTRIONICS TOTAL = 215000 ~ e

R PENALTY(MODE 31= 331.44713
‘EXECUTXON TIMESo START=549,58s END=577.90s ELAPSED=284314(SEC) : .

........... tmm

w imww wﬁm nmssm.x
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PENALTY (MODE 3)

ERROR ANALYSIS (SCHEDULE NO. 2)

LAUNCH # R R R R T T T T T Yy uku o %
AT 0D OH OM 04008 o
T= 0 ALT= =4.7T68B3T16E«~07  VEL= 2.3196861E+02  ANG= 90.000 LAT= 285000 LOUNG= =80,5000
: P=0R P=-CR P=0OP V-DR V=CR Ve(P A=DR A~CR A=QP
COMP4 DEVe 0. 0. Qe R O, De O Qe . 0e O
UEVLATIONS O. . O. 0. 0' OQ 0. 0. 0. OI
; ERRURS e . Oe 0. Qe 0e . O« O 0 _ . 0.
SUBSYSTEM - COMPUTER Ie Se ), ATT. CONTe STAR TRCKR SUN SENSOR (SU/CeFasSe COMe SYST. HORIZ+SENe
: STATUS _I , . 0 0 0 1 ] 0 0 0 ‘ G
COMa SYSTe TURNED ON ‘ -y ’ .
[N P-DR P=-CR P=0OP V-DR V=CR V=OP A-DR A-CR A=0OP
~COMPe DEVe - De . 0. O Oe 0. GO O 0. O.
DEVlAIIONS 00 ' 00 00 0'0 . . 0. . 0- . 00 . ,0'. R 00
ERHORS: Qe Oe O Oe Oe Qe O Oe Oe
l.AUNCHV u’%%aﬂob‘n#u#a&&éé!»#n»a»»o#éuua%#ou#a‘uc&onu'#uaoﬁa.buuu»a»oo»4}9
THURN: FQOit 565.00UkSECo
ALD BURN ERRORS : : . )
PAQK,‘EOR 93500 SEC. ( 0D QHlSMSS.OOS)
PARK R SRR T T T RN I T S IR TP SR S S T R S TS T ;.# T I N EEEEEEE A -

-

(AT 0D OH25M 04005

T= 1500 ALT= 6.0761100E+05 VEL= 2.4239262E+04 ANG= 90,000 LAT= =5.7054 LONG= =7,0921 '
. P=-DR P-CR pP=0P V=DR V=CR V0P A-DR A=-CR A=OP
COMP. DEV. 0. . . 0. 0. ol ) O. OQ 2.2725-04 ZQZTZE-OQ 2-272E-04,
DEVIATIONS 6,77TTE+03 4,031€403 3,324E403 9.338E+00 1,489E400 '6,281E-01 1,558E-04 4,086E-04 2.,207E-04 ~
‘ = ERRURS 6.TTTE+03  4,031E+403 3.324E403 9¢33BE+400 1.489E+00 64281E~01 2.643E-04 6,610E~04 4.034b=04
SUBSYSTEM  COMPUTER Ie Se U, ATTe CUNT. STAR TRCKR SUN SENSOR 1SU/C+PoSe COMe SYSTe HORIZ«SENe "
~ STATUS 1 1 0 0 0 .o 1 o1 0 , 0 . 0
-~ STATION RANGE . RANGE DOT AZM ELE. SUN ANG. ’ '
ASCENSION-  2.87526TBE+06 . 1.5257582E+04 ~ 73.154 8.373 111.615
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE DOT
INERTIAL SYSTEM  4.082872E+03  1.794594E-03 1902463E-03  6,163322E+00
: ﬁ -~ TPQ=-18 6,700000E+01 4,500000E~04  4,500000E=04 =0,
AFTER KALMAN UPUATE ;
P=DR P-CR P-OP - V-DR V~CR VeQP A=DR A-CR A=OP
N COMPo. DEVe 64T12E+403° 3.965E403 3.252E+03 Y.219E+4+00 1.296E+00 S5.573t=01 2.462E=046 3,176E~04 2.778E=04 =~
DEVIATIONS 6,77T7E+03 44031E+03 3,324E+03 9,338E+00 1.489E300 6,281E=01 1.55BE-04 4,086F=04 2.207E-04
ERRORS ' 9,306E+402 Te242E+02 6.B44E+02 1e48TE+00 To328E~01 2.897E=01 2.552E=04 3<404E=04 3.160E=-04 ~" "
PARK '4»"%»»»oq—«»\«»ua»éou}u»9uu«»u»ua«»#&o%##uua&»uuu%u‘au#ee"#u'.uua«s%ou‘#au"""""
L PARK . FOR Ble3U SECs (. 0D OH 1M21.30S) e
T HURN FOR. 941,500 SgC, ’ ,
SALD BURN ERRORS e L e : : ‘ oo ) L
CCOAST FOR «20 SECa ( 0D OH OM ,2095) o o - o L S

-

FIGURE B-6a. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION
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[P TIEE L R IR R B - I K IR 2 R K NN B L B B

FESCARE T T YOI SO SRR TG TS TS S T WP ST (I ST SN SISO ST S S S TP TSN TS SR SR S S S 1Y
AT 0D 0H42¢ 3.00% ' , .
e Ts 2523 ALT= 1.2568513E+07 VEL= 4.7908A35E+04 ANG= 42.609 LAT= :=28.4248 LUNG= 47.9456
B . I P=DR P=-CR P-0P VDR V=-CR VeOP A=-DR A=CR A=QP
COMP. DEVe 0. 0 O 0 O 0e " 4.951E-08 %.951E-08 4.951E-08
DEVLIATIONS 4,240E+03 5.712E403 '5.037E+03  4.763E400 1.316E+01 1.043E+01 6.082E-04 5.063E-04 5.513E~04
“ERROKS 4e240E+03 SeT12E+03 S.n3TE+03 %.763E+00 1316E+01 1.043E+01 6.082E-04 5.063E-04 5.513k-04 .
ATTLTUDE ROLL YAV PITCH ' DR CR 0P ROLL YAV PITCH
XTI =41872 =.9823 L0083 XI =.1872 =.9823 0083 DR 10000 =.0000 0000 .
‘ - YI =.B845  ,1722 .4335 Yl =.8846 1722 «4335 CR «0000 1.0000 =.0000 ) R
. ) Il =.4272 .0738 =.9011 Z1  =.4272 0738 =.9011 0P ~=.0000 «0000 1.0000
- SUBSYSTEM  CUOMPUTER Ie Se U, ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP.Se COMe SYST. HORIZeSENe
- STATUS ] 1 0 0 ‘ 0 1 1 0 0 0
"ATTe CONTe TUKNED ON
P=DR P=CR : P=0P V=DR V-CR VeOP A=DR A=-CR A=0OP
CCOMP. DEV. Qe 0o O Oo . 0. . 0. T7el29E=03 7T.125t=03 T.125£-03
DEVIATIONS 44240E+03 BeT12E+03 Se037E+03  4.763E+00 1.316E+01 1.043E+01 T+151E~03 74143E-03 T.147E-03
- ERHURS 4 ,240E+03 S5.712E+03 S.037E+03 4.,763E+00 1.316E+01 1.043E+01 6,082E-04 5,063E-04 5.513E-04
DEADBAND ON AALS 1 CHANGED TO 20400000 DEG, : o '
DEADBAND ON AXES 2 CHANGED 70 20.00000 DEG., :
DEADBAND OUN AXIS 3 CHANGED TO 20.00000 DEG.
 STAR TRCKR TUHNED ON ' S . S . S ,
SUN SENSOR TURNED . ON . : T
: CP=DR P=CR P=OP V=DR V-CR . V=OP A-DR A=CR © T A=0P
CUMP. GEV. 0. Dn . . 00 0. 0. Oo 10425E-01 10“25E-01 '1.425&‘01
DEVIATIONS  4,240E+03 5,712E+403 5,037E+03 4.763E+400 1.316E+01 1,043E+401 1.,425E=01 1.425E-01 1l.425E-01
b - ERHUKS 4,2%0E+03 S5.T12E+03 5.037E+03 4.763E+00 1.316E+01 1.043E+01 6.082E=-04 5.063E-04 5.513E-0%4
BEGLIN MANEUVERING TO LOCATE SUN=CANOPUS e T
ESCAPEk B T T A T (R O S ST S A S S S S O T S R N T A IR O AR R R R - T IR TR - T SR RN - T NN S SR U B R A B
. CUAST FOR ~ 500,00 SECe (.. 0D OH15M 0,00S) . L N

ANGLE DETWEEN CELESTIAL BODIES=  97.32, BETWEEN OPTICAL AIDS= 90400 | o o

DEAD BANDS SET MAX.. o B A
ROLL 20.00 64400 g
YAW 8,00  R.00 S e e e
 PITCH 20400 28468 . | .
MANCUVERS i . S e e
. © PITCH 124+634DEG.  YAW =70.015DEG. ROLL 59.862DEG. IN 900SEC. o .

ESCAPE P T A R IR TR R R T B A R I N R N R T S R T R R R R . R R N AR N R

- - P . ——— PR [P

'f,AT 0D OHSTM 34003

T= 3423 ALT=  4,8308954E+07  VEL= 443313231E+404 ANG= 16,593 LAT= =29.7368 LONG=  T4.2506

‘ g : " P=DR P-CR P=-0P V-DR V=CR V0P A-DR A=-CR A=-0P
COMP 4 'DEVe 0. ~1.726F=04 0. =3.372E-07 0. 0. 14418E=01 T7.036E~02 1.372t-01
DEVIATIONS He623E+03 14749E+04 1.407E+04 Se137E400 1.333E+01 9.884E+00 1.418E-01 7.036E-02 1.3728=01
ERKORS.. Be623E+03 1.749E¢046 1.407E+04 5,137E+00 1.,333E+01 9,884E+00 5.945E-04 4,459E~04 6.271E-04

]

FIGURE B-6b. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Gontinued)
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S N i S it S

R i S B S S Tt S R Qe | Fret R R e s
ATTLITUDE ROLL YAV PITCH DR CR opP ROLL YAW PIICH
XI =.2371 «9305 =.2834 X1 =.1224 =,9924 <0083 DR =.2123 1112 «9709 .
YI | 46276 =.0793 =.7745 YI ~.8939 .1138 «4335  CR 2679 =.9488 1673 ‘
ZI = 7431 <«,3576 =,5656 71 =.4312 L0456 =,9011 0P .9398 02956 1716
: SUBSYSTEM CCOMPUTER 1. S. U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.S. COMs SYST. HORIZ.SEN. ¢
! STaTUS ., 1 1 1 | 1 1 , 1 1 0 0 Yo
END MANEUVERING»BEGIN SEARCH FOR ,SUN~CANOPUS , V . ¢
_ESC.APE[~aonﬂnoo*uu»o4»o%»«»«»ao‘éuauuu»«»u»ouvuanua.%u&u‘#uguuouu&uaouu»o ) ¢
CUAST FOR 60400 SEC. ( 0D 0H IM 0.00S) T T
ANGLE BETWEEN CELESTIAL BODIES= 97,32, BETWEEN OPTICAL AIDS=  90.00 ’ . |
UEAD BANDS  SET MAX . ) ¢
ROLL 20400 64400 '
YAW Be.0N  Be0D
ot PITCH 20.00 28.68& , . , L . ) , ’ , I
MANEUVERS ~ o ‘
PITCH  =.000PEG. YAW  =.0000EGe ROLL '=.001DEG. IN ~ 60SEC.,
: ' 11
SEARCH FOR SUN IN 354 SECONDS WITH-  1.00000 PASSES L N _ '
ANGULAR RATES (RAD/SEC)=ROLL 0400000 s YAW 0.00000 yPITCH =+00002
- SEARCH FOR CANOPUS IN 24.6 SECONDS WITH  1.00000 PASSES . N ; - ,
¢ ANGULAR RATES (RAD/SEC)=ROLL 0400000 s YAW 0.0000G0 +PITCH =+00002 ¢
ESCAPE‘ D I R R I R I R TR o T 2N I R R R E E EEEEEEE I ¢
AT 0D QH58M 3.008 .
o T= 3483 ALT= S.0840061E+07 VEL= 4,3117281E+04 ANG= 15,672 LAT=" =29,6689 LONG= 74,9168 {
: | P-DR P-CR - P=0P V=DR V-CR VaOP A-DR A-CR A=QOP
COMPe DEVe 1.950E+03 1,218F+04 1.207E+04 1,113E+00 B.783E400 7.98%4E+00 1,417E=01 T7.042E=02 1.372t-01
DEVIATIONS  8,921E+03 1,828E+04 1.466E+046 5.150E400 1.337E+01 9,865E+00 1.,417E-01 7.042E-02 1.372t=01 ¢
ERRORS BeT21E+03  14394E+04 B.96BE+03 5,031E+00 1,027E+01 64176E+00 2.041E-046 2.07BE-04 4,096E-04
o ATTiTUDE ROLL YAW PITCH DR CR 0P ROLL  YAW PITCH T (
CANOPUS ACQUIRED XI =.2321 29305 =42834 X1 =.12072 =.9927 .0083 DR =.2128 .1133 #9705
: : ’ o ; Y1 .6276 -.0793 -.7745 YI ."o8942 01119 « 4335 CRk Q2674 “.9486 .1694
SUBSYSTEM COMPUTER I« S. U. ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COMe SYSTe HORIZ+SENe o v
? ~ STATUS 1 1 1 1 , 1 1 1 0 .
j; END SEARCH FOR SUN=CANOPUS crTm o o e
o  COMPUTER  TUKNED OFF Tt - B
o I. Se Ue  TURNED DFF ' )
= . P=DR -~ pP-CR P-0P V=DR V~CR VeOP A=DR A=CR T oa=0P 7 ' I
s COMP, DEVe 1,950E+03 1.21RE+04 1.207E+04 1.113E+00 B8.783E+400 7.984E+00 1.417E-01 7.042E-02 1.3726-01 )
DEVIATIONS 8,921E+03  1.828E+04 1.466E+04 5.150E+00 1.337E+01. 9,865E+00 1,417E~01 7.042E-02 '1.372&-01 T \
3 ¢

FIGURE B-6¢c. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)



ERROURS © BeT21E+03  1e394E+04 8.968E+403 5.,031E400 1.027E+01 6.176E+00 24041E-04 2.07BE-04 4.096t=04

ESCAPE R S T S S LA S R R N T S T S S S TR
ov COAST FOR. * 32517.00 SEC. ( 0D 9H 1M57.00S) :
N f :
: : ,,';'ANGLE BETWEEN CEILESTIAL BODIES= 97.21y BETWEEN OPTICAL AIDS= 790.00‘ v
.. UEAD BANDS  SET  MAX. )
ROLL 20400 64.00
YAU 8,00 8.00 .. . . . . e . .. -
; PITCH 20.00 28.79 : " -
MANEUVERS _ , ; : L
LPITCH -+ (530DEG, YAW =, 094DEG. ROLL =~.5150EG. IN 32517SEC. ' )
TRACKING STAR NO, 2 '
ESCAPE T A L T I L S S

AT 0DLOH 0M 0.00S L coL
T= 36000 ALT=  1,368158BE+09  VEL= Y9.8B76267TE+04 ANG= 66.018 LAT= =25.6796 LONG= =36.9497
: P=DR P=CR P=-0P V-DR V-=CR Ve0OP A-DR A-CR A-QOF .
COMPe DEV.  4.BT6E+04  3.234E405 2.585E+05 1.510E400 9.723E+00 7T.542E400 1.416E-01 7.067E-02 1.372E=01 " ;
DEVIATIONS  1.762E405 5.023E405 3.306E405 S.160E+00 1.516E+01 - 9.730E400 1.416E~01 7.0676-02 1.378t-01

ERKORS: 14693E+05 3.903E405 2.157E+405 449356400 1.1B1E+01 6.412E400 2.496E-04 2.696E-04 6.885b-04 °
. AITLTUDE ROLL YAW PITCH DR CR op ROLL YAW PI1CH
CANOPUS ACQUIRED XD =e2334° .9328  =.2746  XI  =40997 =.9950 L0082 DR =e2168 1239  .9683 - -
, ‘ YI 46264 -,0718 =.7762 Y1 =,8963  ,0934  .4335 CR  .2641 <=.9475  .1R04 :

ZI =.7437 =,3532 ' =.5676 Z1  =.4321. (358 =.9011 oP 9398 2948 1727
 SUBSYSTEM COMPUTER' I. S, U; ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.S. COMe SYST. HORIZ.SEN.

STATUS -0 -0 1 1 1 0 . 1 0 o - T U
COMPUTER-— TURNED -ON , .
Te Se Ue TUKNED ON ‘ - , , .-

‘ P=DR P~CR P=0P V=DR V=CR V=0P A=DR A=CR A=0P )

COMP. DEVe 4.8T6E+04  3.234E+05 2,5B5E+05 1.510E+400 9.723E+00 7.542E400 1e416E=01 T7e06/E~02 1e372E-01
DEVIATIONS 1,762E405 S,023E+05: 3,306E+05 S,160E+00 1,516E+01 9,730E+00 1.416E=-01 T4067TE~02 1.372b-01

ERKUKRS C1e693E+405 3.903E+05 2.i57E+05 4.,935E+90 1e1BlE+0]1 66412E+400 2+,496E=04 2.696E=04 6.885b=04 "7 -
ESCAPE T N I I I I I R IR I T T T T T T
COAST FOR  1K00400 SEC. ( 0D OH30M 0.00S) i :

ANGLE BETWEEN CELESTIAL BODIES= 97.20s BETWEEN OPTICAL AIDS= 9000

ol " DEAD BANDS  SET MAX

ROLL 20400 64400 5 o L e
YAW  B.00 8400 i -

‘ : PITCH 20.00 28.80 . . . C e e e e m e e e e e e e
MANEUVERS | ) e
PITCH  -.0030EG.  YAW  =.0050EG. ROLL  -,0280EG. IN  1800SEC.
ESC;‘\}JE 009“'“0”#”QQ”ﬂ“”“#ﬂ»\{’}*“i}o“(}“““““Q“#“#””“”””Q““QQQﬁ““#@#“#
AT 0D10H30M 0.00S :
©T= 37800 ALT= 1.4404029E409 VEL=  1.0315087E+05 ANG=  67.105 LAT= =25.6632 LONG= =44.3869

—

T G UhbmcndB = ]

Tl Joseent




EEE T R LR s

B o B L ST e R B PR
V ] i i * m—-—" % Lrsommmitek i‘u..:‘vr\k,! t*«mﬁ

okt SRR RN NSRRI o W s A
P=DR P=CR P~0P V=-DR V=CR Ve0Or A=-0OR A-CR A=QP

COMP. DEVe S5e14TE+04 3.409E405 2.721E+05 1.511E+00 9.727E+00 7T4541E400 14416E=0)1 7T.065E=02 1.372t=01
DEVIATIONS ~ 1.855E405 5.296E405 3.481E405 5.160E+00 1.517E+01 9.731E+00 1.416E-01 7.065E~02 1.372t-01

ERRORS 1. 7B2E+05 441156405 242726405 4,934E+400 1.181E+01 64414E+00 S.037E=04 S5,13YE-04 B8.157/E=04
: g AT TITUDE ROLL Y AW PITCH LR CR oP ROLL Y AW PITCH
©* CANOPUS . ACQUIRED XI  =+2335 .9329 =.2741 XI =.0997 =,9950 40082 DR =.2168  .1234  .9684

, YI 6264 =,0713 =.7763 YI =.8963 « 0934 «4335 CR 22641 ~.9476 1799
T ZI  =e7438 =,3529 =.5677 Z1  =.4321 0358 «,9011 opP «9398 «2948 .1728

SUBSYSTEM = CUMPUTER  Te 5. U, ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP,Se COMe SYST. HORIZ+SENe ‘ -

STATUS ] 1 1 1 1 1 1 0 0 ' 0
 DEADBAND ON ARIS 1 CHANGED TO «10000 DEG. . )
CDEADBAND O ARIS 2 CHANGED TO «10000 DEG. '

DEADBAND UN _AXIS 3 CHARGED T0 10000 DEG,
7/
CSTATLON ©  RANGE 7 RANGE DOT AZM ELE. SUN ANG.
ASCLNSTON 144439360E+409 4.0809058E+04 «125.447 55.969 B0.860
MEASHREMENT ERRORS. RANGE ELEVATION . AZIMUTH RANGE DOT
INERTIAL SYSTEM 1.876899E+05 2.946660E-04 1.356025E=04 2.246125E+01]
USHS=30 6.700000E+01 1,7A0000E-03  1,.780000E-03  1,240000E=01

AFTER KALMAN URDATE
‘ P=DR P=-CR pP-0P ' V-DR V-CR T VwOP A-DR A-CR _A=QP

COMP, DEVe  1e855E405 542436405 2.994E405 S.160E+00 1.%501E+01 B84369E+00 Te1l25E=04 T.125E~04 T.125E=04

DEVIATIONS  1.855E405 5,296E4+405 3.,481FE405 5,160E+00 1.,517E+01 9,731E+00 7.978E=04 8.773E-04 1.081E-03

ERKORS 1.814E+03 S5.570E+04 1.909E+05 D5.262E-03 1.681E+00 5.320E+00 3.590E-04 5,118E-04 B8.127E=q4
: ESCAPE Tl A u;u€& & " LB LS R I K T BRI 2N RN R A T TR TR T TR R ;'# LR R T R NN U K R R I R )
 CUAST FOR 60400 SEC. ( 0D OH 1M 0.005)
LI AMGLE BETWEEN CELESTIAL BODIES=  97.20s BETWEEN OPTICAL AIDS= ' 90.00 o ‘ R
DEAD BANDS  SET  MAX.
ROLL <10 64400
YAW .10 8.00
PITCH «10 28.80°
MANEUVERS ,
PITCH  ~-.000DEG.  YAW  =,000DEG. ROLL =,001DEG. IN 60SEC,
ESCAPE_. T LA S AR L S

AT - ODIOH31M 04005

< T= . 37860 ALT= 1,4428110E+D9 VEL= 1.0329770E405 ANG=  67.140 LAT= =25.6627 LONG= -44,6349 ‘
S : P=DR P-CR P=0P V=-DR V-CR V=OP A-DR A-CR A=0OP
v COMPL DEVe  1.858E4+05  5.252E405 2.999E4+05 5.160E400 145016401 8.369E400 7.125E-04 T.125€-04 T.125E=-04
DEVAATIONS  1.HS5BE+0S  5.305E405 3.4BTE«05 5.160E400 1.517E+01 9.731E+00 8.007E-04 B.B46E-04 1.087E-03
ERRORS ~ 1.B14E+03 5,580E404 1.912E+05 5,264E-03 1.681E+00 5.320E400 3,6594E-04 5,242E-04 B8,205E-04 ~ 7 7
. ATTLTUDE ©ROLL YAW  PITCH DR CR 0P ROLL YAW  PITCH -
CANOPYS  ACQUIRED ~ XI =.2335  ,9329 =.2741 XI =+0997 =.9950 .0082 OR =.2168 .1234  .9684

: : : v Y1 6264 - =,0713 =,7T763 YI =.8963 . 0934 «4335 CR e264]1 =,9476 «1799Y
P ' bt Z1 ~o7438 =.3529 «,5677 ZI =.4321 «0358 =.9011 or «9398 «2948 «1728

€-4

'SUBSYSTEM COMPUTER  Ie Se U.  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COMe SYSTe HORIZSEN.
STATUS 1 1 1 1 1 1. 1 0 o 0

FIGURE B-6e. REFERENCE SYSTEM ON SCHEDULE 2., LEVEL 2 EVALUATION (Continued)



>

AFTER MIDCUURSE CORRECYION. RMV= 12493423E*01 (FT/SEC) +DOF=1,000

e : P=DR P=CR P-0P V=DR , V-CR V=0P A=DR A=-CR A-QP
o COMP. DEVe 14898FE+05 5,252E+405 2.999F+05 O.491E+00 4.217E+00 7.230E+00 7.125E-04 T7.1259E-04 T.125E-04
N DEVIATIONS 1.,H898BE+05 5.305E+05 3.4B7E+05 D.491E+00 4,632E+00 8.696L+00 8.007E-04 8,846E-04 1,087/E-03
o ERHORS 1eBl4E+03 S.580E+04 1.912E+405 1.916E=02 1.681E+00 5.320E400 3+654E~04 5S.242E-04 8.205E-04
DEADBAND ON AXIS 1 CHANGED TO  20.00000 DEG.
DEAUBAND UN AARIS 2 CHANGED TO ~ 20,00000 DEG.
DEADHAND ON AALS 3 CHANGED' TO  20.00000 DEG.
COMPUTER TURNED OFF JR . o o o .
LeSe Us  TURNED OFF : T
ATTe. CUNT. TURNED OFF
STAR TRCKR TURNED OFF '
© SUN SENSOR TUKNED OFF .
. P=DR p P=CR P=0P V-DR V=CR VmOP A=DR A=CR A=0P
COMP. DEVe 14B53E+05 5.252E405 2.999E405 5.491E400 4,217E400 7.230E+400 7.854E-01 T.854E-01 7.854£-01
DEVIATIONS  1.85RE+05 5,305E+405 3.487TE+05 5,491E+00 4.632E+00 B,696L+00 7.854E~01 '7.854E<-01 " 7.854E-01 = -
ERRURS 1.814E+03 5S580E+04 1.912E+05 1.516E~02 1.681E+00 54320E+00 7.854E-01 7.854E-01 7.854k£-01

ESCAPF uﬂ'ﬂ'ﬁ%‘i}“‘%#ﬁ(}ﬁ%#*“#%i}#“%ﬂ#*##%#ﬂQ%&Q%#i&*&##49#%5#%%#%#“#6%

COAST. FOR l724é140-00‘SEC. (199013H29M 0.00S) 7
| HELIQCENT.oou’oouu%aauuuuauaauu#oﬂuu«»u-uvu9##»#0«-9»‘&9«'»#&##»*»#ouau

AT 200D OH OM 0.005

T= 17280000 ALT= 144347029E+12 VEL=  9.4528212E+07 ANG= B9.915 LAT= «2449460 LONG= 10849401
: P-DR P-CR ' P-OP VDR V~CR VaOP A=DR A=CR A=0OP
- COMPe DEVae  9¢939E+07 1¢189F+07 T791E+07 4.,169E400 144665400 2.882E+00 7.854E=01 T.854E=01 7«854E=01
A UEVIATIUNS  1.024E+408 6.69RE+07 1.029F+08 4.558E+00 6£.751E+00 4.937E+00- 7.854E-01 7.854E-01 7.854E-01
ERRORS 2.858E+07 6,513E+07 7.261E+07 2.019E+00 6,672E+00 4.204E+00 7.854E-01 7.854E-01" T7.854E-01 = 7 7
ATTITUDE . ROLL YAW PITCH DR CR opP ROLL YA PITCH" -
XI - =e2335 . 9329 =,2741 X1 <7075  =.T7067 0034 DR =.3571 «BOT1 4701
vyl 6264 =, 0713 =.7763 YI =.6462 =,6450 4080 CR  =.0227 =.5107 L4595 T
ZI -07438 -03529 "05677 ZI -02862 ‘02908 “09130 OP -9338 02963 02007
SUSSYSTEM  COMPUTER Ie Se U, ATT. CONTs STAR TRCKR SUN SENSOR ISU/CeP,S. COMe SYST. HORIZeSEN.
HSTATUS =0 ‘=0 0 0 0 0 1 0 0 0
COMPUTER TURMED  ON } . . N . '
I. S¢ U. TURNED ON : ' - :
St SENSQR TUKNED ON
STAR THCKR TUKNED ON -
ATT, COMTe TURNED ON ,
\ . p=DR P=CR P=-0P V-DR V=CR V=0P A=DR A=CR h=0P )
D COMP e DEVe - 9e930E407  1.189E407 T.TQlE+07 4.169E+¢00 1.466E+400 2.8H2E+400 1.425E-01 1.425E-01 1.425k=-01
DEVLIATTONS . 14024F+08 6.69RE+07 1+029E+08 4.558E+400 6.751E+00 4.937E+00 7e854E=01 Te854E-01 TeB54E~01 7
ERKORS 2+85BE+07 645136407 Te261E+07 2.019E+00 6+672E+00 4,204E+00 7.854E~01  7.8S54E-01 7.854t-01

BEGIN MANEUVERING TO LOCATE SUN=CANOPUS

2}
\

o, . _ .
HELCTOCENT e ¢ 8 88 30 00 0 & W 8 % 0 & & 3 3 & & 8 % & & 8 # & & & & & & & & ¢ & & 4 & & & & & 8 & & & & & ¢ o & & & 0 & o 0

-~ . . BN ,. . . [ - - -

COAST FOR 1800400 SECs ( 0D OH30M 0.00S)

FIGURE B-6f. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
prrng e e ’, Py | Xi oo r_«»} &-—«««»—-3 {gnﬁj ymmJ L j {«_WA ;.“_...4) S!
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S9-4

e BT T

ANGLE BETWEEN CELESTIAL BODIES=  76.48s BETWEEN OPTICAL AIDS= 90400

DEAD ‘BANDS SET MAX,.

ROLL 20400 64400
YAW .00 8.00
iy PITCH 20.00 22.48
MANEUVERS
. PITCH  7.3630EG.  YAW  6,578DEG. ROLL=114.837DEG. IN 1800SEC,

HELTOCENT . # # € @ & # & % 3 # & # & 4 8 & 8 4 0 4 & 4 8 8 & £ & 4 4 & 4 & & 4.4 & & & & & & 0 & & & & & & % & 4 & & & @

AT 2000 OH30M 0.00S _ :
T= 17281800 ALT= 1.434957BE+12 VEL= 9.4546111E+07 ANG= 89,915 LAT= =-24.9445 LONG= 1014460
P=DR P=CR ~ P-oP V=DR V-CR V-0P A=DR A=CR A=OP
COMP. DEVe 9.9%40E+07, 1.189E+07 7.791E+07 4.16BE+00 1.466E400 2.881E400 1.031E=01 1.228E-01 1.348&-01
DEVIAVIONS 1.024E+08 6.699E+07 1.079E+08 4,558E+00 6.751E400 4.93TE+00 7.854E~01 7.854E-01 7.854E=01
ERKORS [ 2+8BBBE+Q7 6.514E+07 T.262E+07 2.019E+400 6.6T2E+00 4.204E+00 7.854E-01 T.854E~=01 7.854E~01

CATTLTUDE ROLL YAw PITCH DR CR oP ROLL  YAW PITCH

XI "'00799 ".1424 .9866 XI !7075 ‘-07067 00034 DR :'-3029 -.7532 QSUB()
YI 6969 6996 «1574 YI =e6462 «,6450 - 4080 CR '=.1858 =,5542 =,8114

21 =.T127 .7002 « 0634 ZI  =e2862 ‘=.290B -.9130 oP 9347 =.3543 0279

SUBSYSTtM COMPUTER Te Se Y ATTe CONT.-STAR TRCKR SUN SENSOR ISU/C.P.S. COM. SYST, HORIZ.SEN.'
“STATUS 1 ' 1 1 1 1 1 1 0 0 0

-

"ENO MANEUVERINGsBEGIN SEARCH EO%,SUN-CANOPUS

HELTOCENT « .8 # # & @ & & 4% ¢ o # 8 & % & & & & & # & & & & 0 & & & & 6 & & & & ¢ & 4 & 4 & & & # 4 0 & ¢ & & 4 # & 4 @
.- . . PR . E— - - - . - l!

COASI‘FQR 60400 SECe ( - 0D OH 1M 0.,00S)
‘ ANGLE BETWEEN CELESTIAL BODIES=  76.48y BETWEEN OPTICAL AIDS= 90400

DEAD BANDS SET MAX
ROLL 20400 64400

YAN 8.00 8.00
PITCH 20.00 22.48
 MANEUVERS - ; N et B
: PITCH  =,0000EG. YAW «000DEGs HOLL -+ 0000EGs IN 60SECs 77

S e - - .- ke e e

SEARCH FOR SUN “IN  30+4 SECONDS WITH  1.00000 PASSES
o ANGULAR RATES (RAD/SEC)=RULL 02582 'YAW_ 0400000  HPITCH 0.00000

SEAKCH FOR CANOPUS IN - 29+6 SECONDS WITH 1.00000 PASSES
ANGULAR RATES (RAD/SEC)=ROLL «00000 v VAW «02582 sPITCH 0.00000

CHELIOCENTe # # & & # & & 0 8 & & & & & 4 & & & 4 & & & & & 4 8 4 2 GOU OB OB OB OB R G oM BB OB B GBS BB OB BB BB g e
AT 200D OH31M 0,005 ,

T= 17281860 ALT=  1.4349663E+12 VEL= 9,4545707E407 ANG= 89,915 LAT= =24.9445 [ ONG= 101,1962 _
e : . P=DR P=CR P=-0OP V=DR V=CR . Ve 0OP A=DR A=CR - A=OP

FIGURE B~-6g. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)



COMP. DEVe 9.940E«07 1.189E407 T.T91E+0T 4,16RE4+00 1.466E+00 2.881E+00 1.031E=01 1.22BE-0] 1.348c=-01
DEVLIATIONS 14024E408 64699E+07  1.029E+08 4.55B8E+00 6.751E+00 4.937E+00 1.031E-01 1.22BE-01 1.348t-01

» ERRUKS "D eBOAESNT 6e514E407 TeP62E+0T7 2.019E+00 6.6T2E+00 4.,204E+00 2.748E-04 2.641E-04 6.980k=04
1 ‘ . . o . ) ) i
S . AfTITUDE ROLL YAW PITCH DR CR oP ROLL Yaw PITCH
" CANOPUS ACUUIRED XI =e079Y9 =al424 «9HB6  XI TOTS5  =oT067 20034 DR =.3029 =<7532 «5H39 .
* . b YI 06069 l(’ggb -01574 YI "0646? "‘.()450 01f080 CR -01858 “.5‘.’)42 -.b114 |
" 21 =e7127  o7002  +0436 ZI =+2862 =.2908 =~«9130 0P 9347 -,3543  .0279
SUBSYSTEM COMPUTER  Ie Se Ue  ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP.Se COMs SYST. HORIZ.SEN. -
STATUS j 1 1 1. 1 1 1 0 o 0 ‘
END SEARCH FOR SUN=-CANOPUS )
HELIOCENT. & & & & ¢ & & & @ f# & & & # & & & o & & & & & @ R P U T P
COAST FOKR . 1A00.00 SEC. ( 0D OH30M 0.00S) S . S -
ANGLE BETWEEN CELESTIAL BODIES=  76.48, BETWEEN OPTICAL AIDS=" 90.00 ~~ ~ ~ =~ "7~ Mo e
VEAD BANDS  SET MAX ; - : ’
1
ROLL 2000 64400 ‘
YAW B.00  8.00 ‘
PITCH 20.00 22.48 ‘
MANCUVERS
e PITCH  =.0000EG. YAW «000DEG, ROLL  =4003DEG. IN -, 1800SEC.
HELTOCENT. @ # & & 4 &4 & & & & 3 & & & P A S S S T R (I T R TR IR S R R R SR SN S ﬁ
v . .
AT 200D 1H 1M 0.005 ' . B ‘
T= 17283660  ALT= 1.4352)83E+12 VEL= 9.4564402E+07 ANG= 89,915 LAT= =24.9431 LONG= 93.7020 N
- . P=DR  P-CR P-0OP V-DR v-CR VeOP A=DR A-CR A-OP
COMP. DEVe 9.940E+07 1.189E+07 Te79PE+07 4o16BE+00 - 1.466E+00 2.881E+00 1.031E-0]1 1.228E-01 1.34BE=ql
o DEVAATIONS  1.024E+08 647016407 1.030E408 4.998E+00 6.752E+00 4.937E+00 1.031E-01 1.228E-01 1.348E-01
ERKORS PeBSYE+0T  6.S51SE+07  Te262E+07 2.019E+00 6.673E+00 4+204E+400 5.288E=-04 5.2336-04 B8.315E-04
S ATTITUDE ROLL YAW PITCH DR CR opP ROLL Yaw ~ PITCH -
CANOPUS ACQUIRED XI =eD799 =41425 9866  XI WT0TS =e7067 0034 DR =.3029 =.7532 .5838

Yl « 6969 « 6996 «1575 YI =.b462 =.,6450 04080 CR  =.1858 =,5542 -,H8114
21  =a7127 «7002 e 0434 ZI =.2861 =,2908 =.9130 0P .+ 49347 —.3543 0279

SUBSYSTEM  LUMPUTER Ie Ss U, ATT. CONTe STAR TRCKK SUN SENSOR ISU/CeP.Se COMe SYSTe HORIZ.SENe

STATUS 1 , 1 1 1 1 1 0 B 1 N 1
DEADHAND UN AALS 1 CHANGED TO 10000 DEG,
UEADBAND ON AAIS 2 CHANGED T0O +10000 DEG,
CDEADBAND UN AKIS 3 CHANGED TO «10000 DEG. . ) ) i
STATION RANGE RANGE DOT AZM . ELE. SUN ANGe
CANBERRA 144352253E+12  1.4163268BE+05 -93,579 41,574 83,654 i - - R
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE DOT
R ‘ LNERTIAL SYSTEM 5¢62819TE+07 1.052880E-05 5.804570E-05 1.516652E+03 ) )
i e ‘' DSIF -0, - 0o =0, 4,100000E-02
CANFTER KALMAN UPUVATE :
P~DR pP=-CR P-0P V=DR V=-CR V=0P A=DR A=CR A=0OP

coMP., DEVe 1a024E+08 6+T00E+07 14029E+08 4.55BE+00 64T750E+00. 4.936E+400 74125E-04 7Te125€=04" Tel28E~04%

FIGURE B-6h. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
WS DN oo beee Py plsss passs  fesd  puad bioid b bl Dol beond  bowsd  Bd Lol
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DEVLIATIONS  1.0264E+08 6.T01F+07 1.030E«08 4.55BE+400 6.752E+00 6.937E+00 8.602E=y4 He723E~04 1.0H7E=-03
ERRURS Te416E+05 1.075E406 2.24TE+06 4TT4E=02 1.339E=01 1.093E=01 4.818E=04 5.,0326~04 B.206k~04

HELIUCENT.a&%(b%&&%#%(}&#&”QQQ#%Q%'Q&%Q—&*#%%#QQ}&#Q##Q##Q%%#“%QQQQ#%Q
COAST FOR 60«00 SEC. ( 0D OH 1M 0.00S)

P ANGLE BETWEEN CELESTIAL BODIES=  76.48, BETWEEN OPTICAL AIDS= 90400

" 'UEAD-BANDS - SET MAX o
ROLL 10 64400
YAW 10 - 8.00 :
, CPITCH .10 22.48 . . .
MANEUVERS ‘ A . :
PITCH  =.000DEG.  YAW +000DEGs ROLL  =.000UEG. IN 60SEC.

Vs .
HELI()CENT.{}‘09“9%'l##‘}i)’###%%%&##-%*#%Q#&Q###*GQQ###QQ###&&#%#QQ‘D#Q##u#

AT 2000 1H 2M. 0.00S5 . — :
T= 17283720 ALT=  1.,4352267E+12 VEL= 9Y,4564991E+07 ANG= 89.915 LAT= =24.9420 LONG= 93.4522
o P=DR P~CR P-QP V=DR V-CR VaOP A-DR A=CR A=0OP
COMP. DEVe ~ 1eN24E+408 6.700E+07 14079E408 4.55TE+00 6.7505+400 44930E+00 7Te125E=-04 T.125E=04 T.125E=04
DEVIATIONS 1.024E+08 6.701FE+07 1.030E+408 4.558E400 6¢752E+00 @ 4.937E+00 B.661E=04 B.TY2E-04 1.092E=03

ERRURS T.416E+05  1,075E+06 2,24BE+06 4,774E-02 1.339E-01 1.093E=01 4.,925E~-04 5,150E-04 8,.280L=04
o ATTLITUDE ROLL YA PITCH DR CR op ROLL YAW PITCH
CANOPUS . ACQUIRED , XI =«0799 =,1425 9866 X1 «T0TS =, 7067 #0034  OR =.3029 =.7532 5838 - .7
' : : YI «6969 <6996 +1575 YI  =e6462 =~,.6450 «4080 CR =~,1858 =,5542 =,B114
21 =.7127 7002 " L0434 Z1  =e2861 =,2908 =~.9130 - OP «9347 =43543 « 0279 -

SUMSYSTEM COMPUTER  Te S. U,  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.S. COMs SYST. HORIZSEN. 7 .
STATUS | 1 | 1 1 1 1 1 1 0 0 0

AFTER MIDCOURSE CORRECTIQNc RMV= 5.743055E=01 (FT/SEC) »DOF=1.000

) P=DR P=CR p=0pP V=DR V=-CR VmOP A<DR A-CR A=QPF
COMP. UEV. 1.02’}‘:"0"‘\ 6.700E*07 1'0296‘08 “Q"IOE*OO 6.375E‘00 4.816E*00 701255"04 7.1251’3"04 7.125&-'0"’
UEVAATIONS -1 e024E+08 Ge701E+07 1.030E+408 44411E+00 6.376E+00 4.818BE+00 Be661E~04 H.792E-04 1.092E~-03
ERRURS To416E+05 1,075E+06 2.248E+06 4,773E-02 1.339E-01 1,093E~01 4,925E-04 5.150E~04 8,280E~04%
DEAUBAND O aXIb ] CHANGED TO 20.00000 DEG. /
DEADBANI) UN AALI> 2 CHANGED TO 2000000 DEG. , , 4 o
DEADUAND ON ARIS 3 CHANGED TO 20.00000 DEG. .
COMPUTER TURNED OFF
Ie Se Us TURNED GFF
“ATTe+ CUNTe TURNED OFF
STAR. TRCKR TURNED OFF
SUN SENSOR TURNED OFF o , , . , o
' SR ‘ P=DR. - P=CR pP-0P VaDR V~CR V(P A-DR A=-CR A=QOPF
COMPe DEVe 1.024E+408 6¢T700E+07 1.029E+08 4.410E400 6.375E400 4.816E400 TeB854E=~01 7.854E=-01 7.854E-01
DEVIATIONS  1.,024E+08 6,701F407 1,030E+08 4.411E+00 6.376E+00 4.818E400 7.854E=01 T.854E=01 7.854F=01
ERRURS T Te416EC0S 14075E+06 2+4248E+06. 4eTT3E-02 1339E=01 1.093E=01 7e854E-01 7T.854E=01 7T.854E=01

? ' | HELiUCENT. e e o e LA R R L A T AR K R N R T SN SRR 2R -2 INE N IR SR I ; % 8 o B oW o
o ‘ , - . . . . . . .
N COAST FOR 17276280400 SEC.  (199022H58M 0,00S)

FIGURE B-6i. REFERENCE SYSTEM ON SCHEDULE 2., LEVEL 2 EVALUATION (Continued)
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CUAST FOR

TARGET CTe # # & 3 & 4 & & & & & $ ¢-3 4 4 & & 4 4 4 & & & & & & & & & & & £ v & & & 9 & & & & & & & & 3 ¢ ¢ & & & 3 ox b

AT 400D O0H OM 04005

T= - 36560000 ALT= 2.6049048FE+12 VEL= 1.8816539E+08 ANG= 90,010  LAT= ~6e5116 LONG= 155,
g » P=DR P~CR P-OP V-DR V=CR V-0P A=DR
COMPY DEVse 1e592E+408 24036E+08 1 H39E+08 3.374E+00 1.400E+01 5e592E+00 T.854E-01
DEVIATIONS 1.592E408 2.036E+08 1.840FE+08 3.374E+00 1.400E+01 5.,593E+00 Te854E=01
"ERROKS 1.172E406 4.041E%06 4.143E+406 4.226E=02 3.076E=01 1e21BE=01 Te854E=-p1
ATflTUDE ROLL YAW PITCH h DR CR oP ROLL YAW
XI -90799 "51425 098()6 'XI 01881 .1202 097108 DR -.3,67 -09259
Y1 «69A9 « 69566 <1575 YI =.9062 « 4039 e1251 CR «9182 =.3695
21 =.7127 L7002 40434 21 =.3787 =,9069 41849 OP =.1225 .0781
SUBSYSTEM  COMPUTER Is Se Us ATT. CONT, STAR TRCKR SUN: SENSOR ISU/CeP.Se COMe SYST. HORIZ.SEN
' STATUS -0 -0 / 0 0 0 0 1 0
" COMPUTER TURNED ON
Teo S,' 538 TUHNED ON
SUN SENSOR TURNED ON
STAR TRCKR TURMNED ON
ATT e CONTe TURNED ON
P=DR - P=CR P=0OP V-DR V=CR VaQP A=-DR
COMPe DEVe 1eS92FE+08 2e036F+08 1.839E+08 34374F+00 1e400E+01 @ 5.592E+00 1.425E-01
DEVIATIONS 1.592E+08 2.036FE+08 148406408 34374E+00 1.400E+01 5.593E+00 7.854E-01
ERKOKS 1172E+06 44041E+406 44143E+06 4e226E-02 3.076E~-01 1.218E=01 TeB854E-01

BEGIN MANEUVERING TO |LOCATE SUN=CANOPUS

b0 TAPGET CTe # @ 1 4 & & & 4 & 8 4 # 8 # & & & & & & © & 0 & 4 & & # & # & ¢ o

ANGLE BETWEEN CELESTIAL BODIES=

1800.00 SEC.

1

0D OH30M 0.00S)
76.66y BETWEEN OPTICAL AIDS=  .90.00

DEAD BANDS  SET MAX.

ROLL 20400 64,00

YAW 8+00 8.00

PITCH 2000 22+.66
PITCH ~+2880EG. YAW 2.3300EGs ROLL =~1B,434DEGe IN 1800SEC.

MANEUVERS

TARGETY CTe 4 # # % & 4 & 3 & 4 303 3 4 & 4 & & 4 & & & & 3% & ¢ & & & & & & &

. AT 60060 OH30M 0.00S .

1267

A-CR
T.854E-01
TeR54E~01

T.854E-01

PITCH
265
1428
«9894

A-CR
1e425E-01
Te854E=01
7.8545'01

T= 364561800  ALT= 2,6048B4T4E+12 “VEL= 1.88l161A3E+08 ANG= 90.010 LAT=  -6.5106 LONG= 148,2286
, P=DR P=-CR P-0P V-DR V=CR V=0P A=DR A=CR

COMPW DEVe  1.592E+08 2.036E+0B  1.840E+08 3.383E+00 1.402E+01 5.590£400 B8.357E-02 1.324E-01
UEVIATIONS 1.592E+408 2.037E+08 1.840E+408 3.3R3E+00 1.402E+01 5.591E400 7.854E-01 [7.854£-01
ERRORS 1.172E+406  4,042E+06 4,143E406 4,243E-02 3.080E~01 1.,218E-01 7,854E-01 7,854E-01

) ATTITUDE ROLL YAW PITCH DR CR oP ROLL YAw PITCH

. N XI  =¢1192 =.4462 <8869 XI . 1881 «1202 «9748 DR =.3728 =.8838 =.2827

YI «6BA4 «6084 «3983 YI =-.9062 «4039 «1251 CR «9135 ~.4031° L0555

ZI "07173 06563 02338 ZI -03787 "09069 01849 . OP '01630 "02375 09576

FIGURE B-6j. REFERENCE SYSTEM ON SCHEDULE 2. LEVEL 2 EVALUATION (Continued)

A-OF
T.894E=01
7.854E~01

A-0P
T.B54E=01

B O S S TS S TS TR (SR TS T T " SR S R

O R TR IR R NN R - BN SR R R

A=QP
1.391E-01
7-854E-01
T.854E=01
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CSUMSYSTEM - COMPUTER Te Se U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COM. SYST. HORIZ.SEN.
STATUS 1. 1 1 : 1 1 1 1 0 0 u

END MANEUVERINGeBEGIN SEARCH FOR SUN=CANOPUS

. iy

TA”GETCT.“:Q‘uu{}u.*04}4)604}*3}“4‘4}4}%0{59“60”“&099#“{}*&@0%0&#09“““QQQQI‘"’“G
[V '

COAST FOR 60400 SEC. ( 0D OH 1M 0,00S)

ANGLE BETWEEN CELESTIAL BODIES=  76.66y BETWEEN OPTICAL AIDS= 90400

VEAD BANDS  SET  MAX.

RULL 20.00 64400
YAW 8.00 8000 . T

PITCH 20.00 22.66 St . : o .
MANEUVERS ! o R T S .
PITCH +000DEGs  YAW «000DEG. ROLL  =.0000EG. IN 60SEC.
; . . . [T RS S O T . t . ook P |
SEARCH. FOR SUN IN 30«4 SECONDS WITH  1,00000 PASSES ) u .
' ANGULAR RATES (RAD/SEC)=ROLL «02583 1 YAW 0400000 . sPITCH 0.00000
SEAHCH FOR CANOPUS IN 2946 SECONDS WITH  1.00000 PASSES. )

ANGULAR RATES (RAD/SEC)=ROLL «00000 - $YAW ... ,02583 WPITCH 0400000

Vit a0

1 M LR

: B . s W f DR T ) e XE « ty
TARGET CTe # # 35 & & @ & 808 8 & @ 3 8.3 & & & & & & 3 8 & 3 & & # % 4 4 & 0 .4 & &, & 3. & & & & # & & & # 4 & & & & 4 &

)
-
>

TR T VR

AT 400D 0H31M 0.005

T= 34561860 ALT= 2.6048455E+12 VEL= 1.8816150E+08 ANG= 90.010- LAT=  «6.5106" LONG= 147.,97B7 ]
AR , P=DR P=CR P-0P . V-DR V=CR:« . .. Va0P. - . A=DR . A=CR A=QP
COMP, DEVe  _1.592E+08  2.036E+08 1.840E+0B 3.383E+400 1.402E401 5.590E+00 B8.357E-02 1.3249E-01 1.391E=-01
DEVIATIONS  1.592E+408 2.037E+08 1.840F+08 3¢383E+00 - 1.402E+01 5.591F+00 8.397E-02 1,324E-01 1.391t=01
ERKURS 1.172E+0€  4,042E+406 4,143E+06 4,244E-02 3,080E-01 1,218E-01 2.829E-04 7,.,055E-04 2,322E-04
, ATTITUDE ROLL  YAW  PITCH DR CR oP ROL.L Y AW PITCH
- CANOPUS ACQUIKED XI  =e1192 =,4462  .8869  XI .1881 1202 «9748 DR =.3728 ~.B838 =.2H27
I ‘ ‘ . - L Yl 6864 .6084 «3983 Yl =.9062 .4039 1251 CR <9135 =,4031 «U5355
, A 21 =,7173 06563 02338, ZI me3787 «49069 al849 “0P..=e1630 =,2375 29576
SUBSYSTEM COMPUTER Ie Se Us ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se. COMe SYST. HORIZ:SEN.
STATUS B 1 1 1 1 1 1 0 0 0
END SEARCH FOR SUN=CANOPUS
“. . L. . Pore A T KBTI N o 2 vy v
TARGET CTe # & @ & & & & 8 & & 4 & 4 &4 3 # & & & # & & € # 3 0 # & & & % # 4 & & # 0 & & & ¢ & & & & 3 # ¢ ¢ 6 0 ¢ & 2 0
COAST FOR 1800400 SEC. ( 0D OH30M 0.00S) | o
- FR ~ ANGLE BETwern {FLESTIAL BODIES= 764669 BETWEEN ORTICAL AIDS=  90.00. ... Poea
1 , S ‘ . 7 fant ' S ] '
$ DEAD BANDS Sf?..: MAX . . s . c \ vy R R T ) {1} . [ foe o N .
, ROLL #0.00 64400 : SRR A L R PO AR I LSRN IO I LTI L
YAW 8‘.00 8.00. ‘-.- i . RSN . Y Y B TR /.}\pl“ll' BUIPIIPTY B § 0 § LI Y FERT - Lo
FIGURE B-6k. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION KCQntinued)
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PITCH 20.00

MANCUVERS
. P1TCH

+«0NODEG,

22566
YAW

«000DEG,

ROLL

-.0G1DEG. IN

TARGET CTe # # # % 8 & & & # & # & & 5 & # & & 2 & # & & & 8.8 & # # & o # #

AT 400D 1H IM 0005 ‘
Tz 34563660 ALT= 2,6047888E+12 VEL= 1.8815780E+08 ANG= 90.010 LAT=  =6.5096 LONG= 140.4806
- , P-DR P=CR P=0P V=-DR V-CR V-OP A-DR A=-CR A=UP |
COM"’. F’EV- IOSQZE*OB 2-0376‘06 108“+0E’08 3;4198"00 1&408&‘01 SQSQDE‘OO 8.3575"02 1.3245"01 1-3915-"'01 T
DEVIATIONS 14592E+08 2.037E+08 1.H40E+08 3J.419E+00 1.408E401 5,596E+400 B8.357E~02 1.324E-01 1.391t-01 .
ERHORS 1e172E+06 44042F+06 4¢144E+406 44291E=~02 3.093E-01 1.219E-01 5e331E-04 B.378E-04 5.080E-04
ATTITUDE ROLL VAW PITCH DR CR 0P ROLL YAW PITCH
 CANOPLS ACQUIRED XI =.1192 =.4463  .8869 XI 1881 e1202 <9748 DR =.3729 =-.8838 =.2827
Ry : YT <6864 6084  G39R4  YI =,9062 L4039 1251 CR  .9135 =-.4031 + 0555
ZI  =aTI73 46563 2338  Z1 =e37BT =49069 1849 OP =¢1630 =.2375 L9576
SUBSYSTEM CUMPUTER  Ie Se Ue ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP,S. COMs S5YST. HORIZWSENs
STATUS 1 1 ] 1 1 1 1 0 0 0
OCADBAND ON AKLS 1 CHANGED 70 .10000 DEG.
DEADHARY UN AKIS = 2 CHANGED TO 10000 DEG. h
DEAUBAND ON AXIS 3 CHANGED TO «10000 DEG.
STATION RANGE RANGE DOT AZM ELE. SUN ANG. A
CANBERRA 2e6047916E412 =3.1699020E+04  =17.455 60,115 684370 5 -
MEASUREMENT ERRORS RANGE ELEVATION ALIMUTH RANGE DOY -
INERTIAL SYSTEM = 2.917660E+06  14301273E-06  1.481094E-06  3.299661t+02
' DSIF -0 * -0, -0, 4.100000E=~02 -
ro o AFTER KALMAN UPUDATE -
: P=DR P-CR P=0P V=DR V=CR VeOP A-DR A=-CR A=0P
COMP. DEVe 1&592E+08 2.037E+08 1.840E+08 3.419E+400 1.40RE+0]l 5.590E400 74125E-04 7.125E-04" 741258=04 77 77
DEVIATTONS 1,59°5+08 2,037E+08 1.840E+0R 3,419E+00 1.408E401 5.596E+400 B,896E-04 1.100E-03 8,751kL~-0%
ERRORS 3.3) %05 14032E+405 4.605E405 S5.285E-03 1.950E-02 7.104E-03 5.320E-04 8.377E-04 5.080E-04

1800

SEC.

FTOT OE T EEREE  RE UE E E R IR I LR R N A

Tﬂ.R‘G.EI"C‘T.Q%é{}&uvqaaﬁ‘q}pﬁuﬁuui}ﬂu{&#%#’#%*‘u‘#%QQ#G*#Q%%#‘Q#QQ’Q“#Q9%”*99%“

COAST FOR

t

TARGET CT. B T T S R TR S S S S I T TR TR R B AR 2L B SN ST SR S ST SR TN S-S

AT 400D

6000 SEC." ( 0D OH 1

ANGLE BETWEEN CELE

s VELD BANDS SET
: ROLL 10
YAW +10
. PITCH «10
MANEUVERS
e PITCH 4000

FIGURE B-61.

M 0.008)

STIAL BODIES= T6eb66
MAX
6’#.00
8.00
2266

YAW

%

DEG. +000CEG,

lH{ZM 0008 )
T= 134963720 ALT= 2.,6047869FE+12 VEL= 1.,8815768E+08 -
, R P=DR P-CR PoOP
LOMPe DEVe  1592E+408  2.037E+08  1.840E+(8
WEVAIATIONS 1,592E+408 2.037E+08 1.840E+08
ERRORS 3+333E+05 1.032E+05 4.605E405
REFERENCE SYSTEM ON

BETWEEN OPTICAL AIUS=

ROLL

ANG=

~V-DR
3.421E+0¢C
3.421E+00
5.284E=03

-« 000DEGe IN

96.010
V=CR
1.408E+01
1.408E+01
1.950E—02 .

LAT=

9000

‘6-5096

VeOP
5.596E+00
5.596E+00
T«103E=-03

60SEC.,

LONG=
A-DR
7. 12'3E"04
Be971E-04
5.450E=-0%

140,

[P

2307

A-CR A-OP
Tel29E=-06 Tasl25E=04
1.106E~03 B.827E~04
80457E"'04 50210E‘0’4

SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
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" - o N " - o - TR RS IR (S ] e
, ATTLITUDE ROLL YAW PITCH DR CR oP ROLL YAV PITCH
CANOPUS ACOUIRED X[ . rell92 =.4463 «8B69 X1 .14881 1202 9T4H DR =.3729 =.6EB38 =.2827
: : : YI O8B4 <6084 3984 Yl ~.9062 <4039 .1251 CR 29135 =.4031 «055%
‘ ) ~’, . ZI -.7173 06563 02338 ZI -'3787 "'99069 01849 OP --1630 -.2375 09576
N SUBSYSTEM. ,COMPUTER Ie Se Us ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSs COMe SYST. HORIZ.SENe
STATUS . ] 1 1 1 1 1 1 0 0 0
AFTER MIDCOURSE CORRECTION, RMV= 2.298503E~02 (FT/SEC) «DOF=1.,000
P=DR P-CR P=0P V-DR V=CR V=OP A=DR A=CR A=OP
COMP. DEVe "14592E408B 2.037E+08 1.840E+08 3.421E+00 1.408E+01 5.596E+00 7.125E-04 7T.125E=-04 7.125L=-04
DEVIATIONS  1,592E+08 2.037E408 1.840E+08 3,421E+400 1.408E+01 5.596E+00 B.971E=04 ‘1.106E=03 B8.827E=04
. ERROKS 3.333E+405 1.,032E+05 4,605E+05 5.,284E-03 1.950E-02 7.103E~03 5.,450E~-04 B8,457E~04 5,210L=04
CATTe CONTs TURNED OFF Y, .
COMPUTER TUKNED OFF
I. S+ U, [URNED OFF |
STAR TRCKH TURNED OFF .
SUM- SENSOR  TURNED  OFF o
COMe SYSTe TURMED OFF
: f ~ P-DR . P~CR P=CP V-DR V~CR VmOP A=DR A=-CR A=0P
COMP. DEVe 1.592E408 2.0376+408 1:8B40E+08 3e421E+00 1.408E+0) 5.590E+00 7¢854E~01 7.854E=01 7.854E-01
DEVIATIONS  1.592E+08 2,037E+08 1,840E+08 3,421E+00 1.408E+01 5,596E+00 7.854E-01 7.854E-01 7,854E-01
~ERROKS 3+4333E405 1032E+05 4.605E+05 5.284E-03 1.950E-02 T«103E-03 Te854E~01 T.854E~01 T.854t=01

LR R S L R 2 U T I BT B N R Y- T AR

CUAST FOR  896522.00 SEC.  ( 10D 9H 2M 2.00S)

) 'TAN’GET CToe 3t # & & & o & @ »
i

&

TARGET CTe ¢ 4 # .3 & o & & 4 4 & % 3 & &

AT 410D10H 44 2,008 .

LN 2 L N 2

#0048 BB B B

DRI R L B R B I PR P R K

-

L TENE N I T R - JNEE  JNNR S TNRE C BNNE NN TN BN - NN LR LR R B R I

¢

.

T= 35460242 ALT= 2,5764392E4+412 VEL= 1.8630775E+08 ANG= 90,006 LAT=  -6.0886 LONG= 5.4976
o P=DR P-CR P=0P V-DR V=-CR VeOP A=DR A-CR A=OP
: COMP. DEVe S5.557E+408 =1.046E+02 3.352E408 2.199E+04 3.622E+04 S.1BTE+03 T7.854E~01 T4854E=01 7T854E-01
+ DIVIATIONS  5.557E£408 1,528H+05 3,352E+08 2,199€4+04 3,622E+404 5,187E+03 T.854E-0% 7,854E-01 7,.8%4E-01
ERRORS 2354E+05 1¢528E+05 4.034E+05 %.121E+00 1.531E+01 3.058E+00 7.854E-01 T7.854¢E-01 T7T.854E-01 .
ATTITUDE ROLL YAwW PITCH bR CR oP ROLL Yaw PITCH
: ‘ X1 =a1192 =,4463  «8B69 XI 1142 L1908 49750 DR =e7448  =.6072 =.2768
; YI 6864 6084  ,3984 Y1 «=o9909 ~,0483  .1256 CR 6474 =,7580 =,0792 -
A Z1  =e7173 46563  .2338 ZI  +0710 =~.9804 1836 OP =.1617 =.2382 9577 '
SUBSYSTEM® COMPUTER  Ie Se U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COMe SYST. HORIZ.SENe
s WTATUS -0 -0 -0 -0 -0 0 -0 0 0 0 Tt
TARGET MISS, RMS= 1.52759866E+05» DOF=1.000 . o
COMPUTER | © 12783.00 SEC.
w ' l. Se U 12783.00 SEC. ST T
= STAKR TRCKR 42777.00 SEC, oo T o -
= SUN' SENSOR 42777.00 SEC.
ISU/CePaSe 12783.00 SEC. o ’ )

FIGURZ B-6m. REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
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150 GOMPONENTS

& ACCELEROMs= ARMA D=4E  ARMA D=4E  ARMA D=4E GYROSCOPES= GG 334-A GG 334-A GG 334-A
1 . : , A

e 1SU DATA(HORTIZONTAL DESIGN NUMBER 4 OPTIMUM) ~ ON TIME (HR)= 34551 \
OUTSIVE DIMENSIONS WEIGHT WETGHT EXCIT.ENERGY= 1544461
LENGTH= 9.350 BLOCK= 8.703 INSULATION= 1.345 , EXCIT.POWER =  43.500.
WIDTH= 104450 BASE= 44549 ELECTRONICS= 10.000 _ TOTAL P.FAIL= -000BY
HEToH = 54450 ~ COVER= 2,867, COMPONENTS= 64000 - TOTAL WEIGHT=  33.453

1SU THERMAL ANALYSIS , : ‘

: MAX HEATER POWER=  97.875 MAX+THERMAL CONDe= - 241750 TOTAL ENERGY= 249244
. MINJHEATER POWER= -+ 000  MINJTHERMAL COND.= 140875  TOTAL POWER = 1414375

/
/

SUHSYSTEM PARAMETERS )
' CUMPUTERS STAR TRCKR SUN SENSOR I5U/CePeSe COMs SYSTe HORIZ.SENe

. SRT RUK=2  ITT~-LUN.0B ADCL-1402 NONE - . MCR-=503 NONE
CTIME= - 3,551 11.882 11.882° 0.000 9601.,033 0.000 0,000
ENERGY=" . 319.575 95,060 594412 0000 33603.617 0.000 0.000 TOTAL ENERGY= 34077.664 }
POWER= Q0.000 3,000 5. 000 0.000 3,500 0,000 0.000 TOTAL POWER = 1064500
P.FALL= 00059 «00013 . L00017 0400000 09155 ¢.00000 0.,00000 TOTAL P.FAIL=  +09231
WEIGHT= 36,000 7.000 24000 G.000 " 3,100 0000 0.000 TOTAL WEIGHT= ,48.100 .
ATTITUDE CONTROL SYSTEM ANALYSIS ‘ ON TIME (HR)= 11.682
 THRUST SIZING (LB) o ' FUEL CONSUMPTION (LB-SEC)
' ; ~ ROLL YAW PITCH : , ROLL YAW PITCH -
v SOLAR PRES= <0000 «0000 + 0000
METOIMF"ACI': 0000 « 0000 00001 . SEARCHING= 801155 4-6111 " 20031 . R
MANEUVERS = L0099 .0099 G099 PEAD BAND= L00n1 .5220 »3196 !
M1DCOURSE = 00000 3778 « 3778 , MANEUVEKS= . 236 .1592 1947 TOTAL ENERGY= 118.825
_MAX4 THRUST= 0099 3778 3778 TOTAL IMP= - Be3¥93 5.2924% 5174 TOTAL POWER = 10000 -
L R ~ _ : TOTAL P.FAIL= 00642
NO. OF FIRINbS= 43358 TOTAL IMPULSE= 14,2091 FUEL WEIGHT= «253734 TOTAL WEIGHT= 21397
ENERGY SOURCE DATA , ,
‘ TOTAL POWER=  257.875 TOTAL ENERGY=z= 34445.733 A - TOTAL WEIGHT= 162167
WIRING , = . o TOTAL WEIGHT= 110.000
MIDCOURSE ENGINE ‘ :
EXPECTED DELTA=V= 140945 DOF=1.000 CAPABILITY:= 284339 ' ' T T TOTAL WEIGHT= 0 28.571
PENALTY SUMMATION PROBABILITIES WEIGHT - -
INSUF«MIDCOURSE FUEL= « 05809 ~ ASTRIONICS= 343.698
EXCESSIVE TGTe MISS = 6.00000 SPACECRAFT= 16564302 - . T
CUNRELIABILITY = .09758 TOTAL= 20004000
ASTRIONICS TOTAL = «1500% o T
PENALTY(MODE 3)= 343.69770

EXECUTION TIMES S]ART: 19.83, END= 58.51, ELAPSED=38,678(SEC,)

*

FIGURE B-6n, REFERENCE SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
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‘ PENALTY (MODE 3)
ERROR ANALYSIS (SCHEDULE No, 2)

AT 0D OH 0@ 0'-u0s

FIGURE B-7a. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION

5
&

v

LAUNCH  ° R T N S S TS O S G T Y IR N T R I IR

CUAST FOR 20 SEC. (0D OH OM ,20S) k : e e e

T= 0 ALT= =4,7683716E-07. VEL= 2,3196861E+02 ANG= 90,000 LAT= 2845000 LONG= =B80,5000
‘ P=DR - P=CR P=-0P V-DR V=CR V0P A=DR A-CR A=0OP
COMPe DEVe 0. 0 Oe . O 0 0o 0. O 0.
UEVI/\'IONS 0. 0. 0a O 0o O 1S ' 0 . O
: ERROKS 0. ‘ 0, 0e . o . . O . 0.
SUHSYSTEM COMPUTER I+ S, U, ATT. CONT. STAR TRCKR SUN SENSOK ISU/CeP.S. COMa SYST. HORIZ.SEN.
CUSTATUS - 1 1 0 0 0 . 1 0 0 0 0
coM, SYSTf TURNED ON / .
: P=DR P=CR. pP=-0P V=DR V=-CR Ve 0P . A=-DR A=CR A=-QP
CUMPe DEVe 0. ' 0o 0s Oe 0. 0. O 0 0.
UEVLA']ONS ‘O. 0;7 0. 0'0 - Oo Oo' OO Oo 0.
ERRURS 0. 0. O 0. O 0. 0 B N 0o~
LAUNCH T R I R R T I T S é R I I R R R N EE R EEEE R
BURN: FOK: 565,000 SECE
ADD BURN ERRORS - =
PARK  FOR 935400 SEC.. (0D OH15M35.00S) v
PARK! < R T O T T T O T
cAT 0 OH25M 0,005
o T= 1500 ALT= 640761100E+05 VEL= 2.,4239262E+04 ANG= 90,000 LAT= =5.7054 LONG= =7.0921 .
o E P=0OR , P=CR P-0OP V=DR V=CR VeOP A-DR A=CR A-0P
: COMHa ,UE.VQ ~0. 0' 00 00 0. OQ 9. 064t‘05 9-064E-05 9.064E"OS
UEVIATIONS Bl.6B6E+03 6.062E+03 “ 2.556E403 1.306E+401 4.388E+00 3.151E-01  6e6BLlE=~05 1.316E=04 2.397E=-04
ERRUOKS B.,6B6E+03 6,062E+03 2,556E+03 1.306E+01 4,3B8E+00 3,151E~01 1,082E-04 1.567E=04 2,749t-04
SUASYSTEM COMPUTER I« Se Us ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se COMe SYSTe HORIZ+SENe
STATUS ] ] 0 0 0 1 1 0 0 0
STATLON « . RANGE . RANGE DOT L AZM FLE. SUN ANGe.
ASCLNSTON 2e8T52678E+06  1.5257582E+04 73.154 8.373 111.615
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH RANGE DOT
INERTIAL SYSTEM 4+ STSRQO9E+03 2556166E-03 2.300783E~03 8,262418E+00
' : : TPQ=-18. 6+700000E+01 44200000E~04% 4,500000E-04 =0,
“AFTER KALMAN UPUATE ' )
‘ : P=DR P-CR P=0P V=DR V=-CR V=0OP A-DR A-CR A-OF
e COMPe DEVs. 8¢636E+03 5¢953E+403 2.422E403 1.292E401 4.076E+00 2.728BE=01 9.322E=05  9.383E-05 2.267E~04
DEVIATIONS  B,6B9E+03 6,062F+03 2.556E+403 1,306E401 4.388E+00 3,151E=01 6,681E=05 1.,316E~04 2.397E=G4
ERRURS 9e307E402 14142F+03 8B.181F+02 1.93BE+00 1.624E+400 1.576E=01 1.070E=04 1.505E~04 1.687E=04
. PARK B T S OO
PARK  FOR Hle30 SEC. (0D OH 1M21.30S)
HURN FOR, 941,500 SEC.
ADD BURN ERRORS



ESCAPE
AT 0D 0H42M 3,005 :
os) T= 2523 ALT=  1,2568513E+07 VEL= 4,7908635E+04 ANG= 42.609 LAT= =28.4248 LONG= 47,9456
4 ' e P=DR P-CR P=0P V=DR V-CR Va0P A~-DR A=-CR
~ CoOMP. DEV. -3.453Eﬁ04 e =66104E=05 =3.372E-07 0. O 1.975E=08 1.975E-08
! ‘UEylAlloNS b4,I56E+03 2.95BE+403 2.7THTE+03 5§330E+00 5.816E+00 5.319E+00 2.17T1E=04 2,262F-04
ERROKS 4.356E+03 2.958E+403 2.787E+03 54330E+00 5.816E+00 5.319£+400 24171E-04 2.262E-04
ATTLTUDE ROLL yaw  PITCH bR - CR op ROLL Yaw  PITCH
Rl =+1872 =.9823 0083 X1 =.1B872 =,9823 «0083 DR 1.0000 =.0000 L0000
YI  =.83845 1722 4335 YI ~.8846 w1722 « 4335 CR 20000 1.0000 =,0000
‘QQHSYSTdM COMPUTER I; Se U ATT. CONTe STAR TRCKR SUN SENSOR ISU/CePeS. COMe SYSTs HORIZ+SENe.
~ STATUS 1 1y 0 0 0 1 1 0 0
ATT. CONT. TURNED “ON DR -
' . P-DR P-CR P=0P VDR V-CR VwOP A-DR A=-CR
COMP .+ DEV. =3.453E=-04 0. -6 1 04E=08 =3,372E-07 0. Qe T«125E-03 7T.125E~-03
DEVIATIONS 4,356E+03 2.,958E+03 2.,787E+03 5.330E+00 5.816E+00 5,319E+00 7,129E-03 7,.,129E-03
. ERNOKRS 4-356E‘03 2+958BE+03 20787E‘O3 5.330E"'00 5.816E*00 50319E*00 ZQIYIE‘OQ 20262E"04
DEADBAND "ON. AXES 1 CHANGED TO . 20,00000 DEG.
DEADEAND -OM-AXLIS 2 CHANGED TO 20,00000 DEG., )
DEADBAND. ON AKIS 3. CHANGED TC 20.00000 DEG.
STAR TRCKR }UHNED ON
CSUN SENSOR - TURNED ON \
: P=DR P=CR P=0OP V-DR‘ V=CR . V=0OP A=DR A-CR
3 C}UMP. NEVe "Bol"b:SE"Oa 0. S "6.104E—05 "3_.372&:‘07 Oa 00, 1.42§E-01 1.425{‘:'01
- UEVIATIONS  4.356E403 2.958E4+03 2.787E+03 5.330E+00 5.816E+00 S¢319E400 14425E=01 1s425%E=~01
R ERROKS 4.356E003 2.958E+03 2.787E+03 S5.330E+00 S.8l6E+00 5.319E400 24171E-04 2.262E-04
HBEGIN MANEUVERING TO LOCATE SUN-CANOPUS,
fESC’AP’E uo'onunuuuu»uun;}-u*uuuooo%aa»**u#aa‘x»’o_uuo#&-ouuuuuopou
COAST FUR 90000 SEC. (0D 0HISM 0.00S)
‘ ANGLE BETWEEN CELESTIAL BUDIES= 97«32y BETWEEN OPTICAL AIDS= 9000
OEAD BANDS  SET MAX. L _ o o .
ROLL 20400 64400 ‘ ’
CYAW 8.00 8.00 i
: PITCH 20.00 2B+68
MANEUVERS
’ . - PITCH 124.6340EG. YAW =70.0150EGe ROLL G59.8620EG. IN 900SEC.
,4’E$@wp£, R R S A IR TR TR R S RS U Bos B B B owom B B BB BB R B BB W R DB R G BB BB
AT 0D OHSTM 3.005 . B v
T=" /3423 ALT=  4.B308B954E+07 VEL= 4,3313231E+04 ANG= 16.593 LAT= =22.7368 LONG= 74,2506
) - P=DR P=CR - P=0P V-=DR V=CR V=P A-DR A-CR
.L V,V COMP. DEV- 0e ‘8.632E‘05 0. O Oe O 1e418E~-01 T.036E=02
s DEVIATIONS 9,306E403 T.B29E+03 Te364FE403 5.597E400 S.90BE+00 5.085E400 1.418E-01 7.,036E-02
; ERﬂOﬁs 9.306E+403  T7.A29E+403 T.364E+03 5.597E+00 5.908E+00 5.085E+400 24120E-04 1.916E-04
FIGURE B-7b. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)-
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A=OP -
1.975£=-08
2.533L-04
2.533k-04

0

A=0P
Tel25E-03
7.130E~-03
20533E"04

< A=GP

10425t‘01
1-425t_01
2.533k-04%

L

& &8 % B oo W

- A=QP

1.372E~01
1.372E=01
2.809E-04
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Sl-q“ .’ T

ATTLTUDE

b §

YI

21

SUBSYSTEM  COMPUTER  I.

STATUS, ., 1

ROLL YAW PITCH
"'02321 .9305 "02634 XI
,06276'.ﬁ00793 ‘07745 YI
=e743]1 =43576 =.5656 Z1
S. U

1 1 1

END MANEUVEERINGyBEGIN SEARCH FOR SUN=CANOPUS

ESCAPE"

DEVIATIONS 94640E+03 B.1T1E+03 7.669E+03 5.596E+00

FIGURE B-7c.

i RS A i
DR CR
-01224 -.9924
=e4312 0456

1 1

S.QZ7TE

o p— ——— I

GP ROLL YAV PIICH
4335 CR 2679 «,9488 «1673
'09011 0P 09398 02956 01716

ATT. CONt. STAR TRCKR SUN SENSOR ISU/C.P.S. COMe SYST. HORIZ<SEN.

1 . 0 -

OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)

T T S S TN L I e I R N IR
 COAST FOR 60400 SEC, (00 OH 1M 0.00S) e e R
ANGLE BETWEEN CELESTIAL BODIES=  97.32s BETWEEN OPTICAL AIDS= '90.00 - -
. DEAD BANDS  SET MAX. : : N
© ROLE 20400 64400 )
YAW  B.00 8.00 T - -
:  PITCH 20.00 28.68 .
- MANEUVERS : . , )
PITCH  =.000DEGs YAW =,0000EGs ROLL '=,001DEG. IN 60SEC.
SEARCH FOR SUN IN 31+4 SECONDS WITH  1,00000 PASSES : _
: ANGULAR RATES (RAD/SEC)=ROLL .00001 s YAW 000000 sPITCH 0.00000  °
SEARCH FOR CANOPUS  IN  2B.6 SECONDS WITH  1.000006 PASSES : N | -
' ANGULAR RATES (RAD/SEL)=ROLL 0.00000 s YAW 000000 sPITCH =4¢00001
‘ESCAPE  .: E R R ST LA S L R AR B R AR RS R R R R O T O T T T S R ST SR S T ST G S S S Y i
AT 0D OHSBM 3.00S | A
o ¥= 3483 ALT= 5,0840061E407 VEL= 4,3117281E+04 ANG= 15.672 LAT= =29.6689 LONG= 74,9188 T
n ‘ P=DR P=CR - P-0P V=DR ~ V=CR VeOP A~DR A-CR £=0P
COMP, DEVe 6e163E+02 3.559E+403 3.895E+403 2.969E=01 2.57SE+00 25336400 1e41TE=0L Te042E=02 1.372E-01 .
- DEVIATIONS  9.640E+03 B.171E+03 7.669E+03 5.596E+00 5.927E+00 5.077TE+00 1.417E=-01 7.,042E=02 1.372E-01 .
ERRORS ,9.622E#03 7629 «03 H,656E+03 5.589E+00 5.390E+00¢ 4,4295+00 1.441E=-04 1.411E-04 2.325E=04 ~ -
SR  ATTLTUDE ROLL YAW  PITCH bR CR op ROLL YAW  PITCH [
CANGPUS ACQUIRED . XTI  =e2321 49305 =e2834 XI =a1202 =,9927 0083 DR =42128 <1133 <9705
N ) ‘ YI 06?76 -'0793 -.7745 \fI '08942 01119 ) 1‘54335 CR 02674 ".9486 01694
ZI =e7431 =a3576 =e5656 ZI =e4313 L0447 =»9011 OP  +9398  .2956 1716 o g
v L :
‘SURSYSTEM = COMPUTER I Se U.  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.S. COMe SYST. HORIZ.SEN.
CSTATUS 1 1 1 1 1 B! 1 0 0 0 ‘
| END SEARCH FOR SUN=CANOPUS - - SRR
COMPUTER  TUKNED OFF {
h SQ Ue = TURNED OFF » .
Ll o P=DR . P=CR P-0P V=DR V~CR VeOp A-DR A=CR A=OP (
COMP, DEVs 64163E402 3.559E403 3,895E+03 2.969E=01 2.575E400 2.533E400 1e417E~01 7T.042E=02 1.372E=-01
ZTE+00 . Se077E+G0 1e41TE=01 7e062E=02 1.372E-01



EHROHS' 9.622E+03 T 429E+03 ©.656E+03 S.589E+00 5.390E+00 4,429E+00 1.4%1E-04 1.411E-04 2.325E-04
“SCARE 9‘*‘*“'*'%0015#4}#upuuuuuuoe«%«u*buu;&uuu#ou»uouﬂboouaunoauauuo
J, COAST FOR  32517.00 SEC., ( 0D 9H 1M57.00S) '
' gt ANGLE BETWEEN CELESTIAL BODIES= 97.21y BETWEEN OPTICAL AIDS=  90.00 X
',“ ,UE’ALJ BANDS SET MAX. -r“ e )
ROLL  20.00 64400 e
YAW 8400 8400 )
PITCH 20.00 28.79
MANEUVERS. -~ . . A
‘ PITCH ~+.053DEG, YAW -.024DEGs ROLL ~+5150EG. IN -:32517SEC. !
TRACKING STAR NO, 2
ESCAPE LR T R R R 7 e P S S S G
AT 0D10H 0H 0.00S I .. ‘
T= 36000 ALT= 1.368B15BBE+09  VEL= 9.,87626TTE+04 ANG= 66,018 LAT= =25,6796 LONG= =36.,9497
R P=DR o P-CR P-0P V-DR V-CR VeOP A-DR A-CR A=QP
COMP. DEVe 14205E€+04 9.249E404 8.016E+04 3.701E~-01 2.769E+00 24323E+400 1.416E~01 7.067E-02 1.372E=-01l
DEVIATIONS 1.835E+05 2,249E+05 1.709E+05 5.309E+00 6+808E+00 - 5.027E+00 1.%16E-01 7.067E~02 1.372e-01 iy
ERROHS 14831E+405 2,066E+05 1,516L+05 5.296E+00 6,26TE+00 4.475E+00 2.496E-04 2,696E-04 6,885L-04 :
, . ATTITUDE ROLL YAW PITCH DR CR oP ROLL YA#W PITCH
. CANOPUS AZQUIRED XTI - =e233% «9328 =.2746 XI =e0997 =,9950 0082 DR =.2168 «1239 <9683 -7
o vI 26264 ~,0718  =,7762 Yl =.8963 »0934 «4335  CR 2641 =.9475 .1804 '
- ZI =eT437 =43532 =«5676 21 . =e4321 « 0358 =+9011 oP 9398 2948 1727 -
SUBSYSTEM - COMPUTER Ie Se U, ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP.S. COMe SYST. HORIZeSEN. v )
~ STATUS -0 -0 1 1 1 0 1 0 0 b )
COMPUTER  TURNED ON -
le Se. Ue CTURNED ON - .
: - P=NR P=-CR P=-0P V=DR V-CR Ve 0P A=DR A=-CR - A-0P
~ COMP. DEVe 1.205E+04 9.,249E+04 B.016E+04 3.701E-01 2.769E+400 2.323E+00 1.416E-01 7T.067E-02 1.372E=-01
DEVIATIONS 1.H35E+05 2.249E+0% 1.709E+05 D.309E+00 ©6.B0BE+00 S¢027E+00 1+419E~01 T.067E=-02 1.372E-01
ERRORS - 1.8B31E405 2.N66E+05 14516E+05 5,296E+00 6.267E+00 4,475E+400 2.,496E-04 2:696E-04 6.885E~04
ESCAPE N . IR QQQ LR A N B R AR A A N T A L T 2R R RS R S TR R N NP TR S U
COAST FOR 1800400 SEC. { 0D OH30M 0.00S)
ANGLE BETWEEN CELESTIAL BODIES=  97.20, BETWEEN OPTICAL AIDS=  90.00
. ~ DEAD BANDS  SET  MAX. ' - S
X : CROLL 20400 64,00 e e —
. YAW 8.00 8.00
PITCH 20400 28.80 . R
MANEUVERS - e e
PITCH -« 003DEG., YAW ~+005DEG. ROLL -+ 028DEG, IN 1B0OOSEC. L L
ESCAPE’ B T L ST S T S SR S SR S S S U S SR S TR R S R I A I R R I T A
AT DDLOH30M 04005 |
¥= 37800 ALT= 1.4404029E+09 VEL= 1.031508T7E+05 ANG= 67.105 LAT= =25.6632 LONG= =44.3869 i Tt T
. ; ~
: B FIGURE B-7d. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued).
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 CAMNOPUS

: CP=DR P=-CR pP-0P V=DR V~-CR VaOP A=DR A=-CR
COMPe DEVe 1e272E+06  9.74TE+04 Bo434FE+04 3.702E=0)1 Z2.7T0E+00 2.323E400 1.416E=01 7.06%E-02
DEVIATIONS 14931E+405 2.372E+05 1.799E+05 S5.307E+00 6.812E+00 5.027TE+00 1.416E-01 7T.065E-02
ERKORS 1e927E+05 2,179E+05 1.596E+05 Se294E+00 6.270E+00 4.475E+400 3.045E~04 3.212E-04
ATTLATUDE ROLL YAW PITCH DR CR oP ROLL Yaw PITCH
ACQUIRED XI  =.2335 «9329 =.2741 XI =«0997 =,9950 0082 DR =.2168 <1234 .9684
S Xl +6264  =,0713 =.7763  YI ~.8963  ,0934 44335 CR 2641 =,9476  ,1799
ZI ‘.7438 -03529 -05677 ZI "4321 c0358 -.9011 OP 09398 -2948 .1728
S SURSYSTEM  COMPUTER © 1. Se U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZ<SEN.
STATUS | 1 1 1 1 1 1 (] 0
DEADBAND ON AAIS. 1 CHANGED TO «10000 DEG,
" DEADBAND ON AALS 2 CHANGED T0 «10000 DEG.
DEADHAND ON AXIS 3 CHANGED TO «10000 DEG,
: / -
STATION RANGE * RANGE DOT - AZM ELE. SUN ANG.
ASCENSTON | 144439360E409 4.,0809058E4+04 =125.447 55,969 80,860
MEASUREMENT ERROKS RANGE ELEVATION . AZIMUTH RANGE DOT
LNERTIAL SYSTEM 1.947798BE+05 1.56B034E=04 1.001109E=04 1.228915E+01
, USHS=3n 6.700000E+01 1.780000E-03 1.780000E=03 1.240060E=01
AFTER KALMAN UPULATE ‘ ' ’
P=DR P-CR P=-0P V-DR V-CR V=0P A~DR A=CR
COMP. DEVe 14931E405 2.330E+05 14121E405 5.307E+00 6e682E+400 3.149E+400 7To129E=04 T.125E=04
WEVIATIONS  1.931E+405 2.372E+05 1.799E+05 S.307E+00 6.812E+00 5.027E+00 T 598E-04 T.815E~04
ERRORS 14346E+403 44132E+04 1.616E+05 2.120E=02 1.245E+00 3.941E+400 2.637E-04  3.209E-04

ESCARE

'CUAST FOR

ESCAPE

AT
o T=

1

CANOPUS

SUBSYSTEM  COMPUTER
STATUS. ]

O N N TR S # @
60e0U SEC,

' ANGLE BETWEEN CELESTIAL BODIES=

DEAD BANDS SET MAX o
ROLL, 10 64,00
YAW «10 8.00
PITCH «10 2B.80°
MANLUVERS ; :
PITCH =+ 0N0DEG. YAW

#%"#;&Q‘#ﬂﬂiﬁﬂ#&i}#%%*%“GQ#*#%*Q%%OQ#”%Q

ODLOH3IM 0.005
ACQUIRED

FIGURE B-7e. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)-

1

¢ 0D OH 1M 0.00S)

37860 ALT= 1.,4428110E+09
L P=DR
COMP. DEVe 1.934E+05
CODEVIATIONS  1,934E+05
ERKORS. 14346E+03
ATTITUDE ROLL
X1 ‘02315
: Y1 5264
et Z1 =4T7438
I. Sl Uo
1

VFL= 1.0329770E+05 ANG=
P-CR P=0OP V=DR
24334E405 1,122E+405 54307E+00
2e376E+05 1.,802E+05 5,307E+00
4.139E+04 1.419E+05 24126E-02

YAUW PITCH DR
«9329  =.2741 X1 =.0997
- 0713 =,7763 YI =.8963
-03529 ‘.5677 ZI -.4321
1 1

1

A-0P
1.372E=01
l.372E-01
7.103E-04

A=OP
7.125E-04
1.006E=03

7.103t'04
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=+000DEG,

ROLL

KR SUN SENSOR ISU/CeP.Ss COMe SYST. HORIZ+SEN.

97.20y BETWEEN OPTICAL AIDS=

-«0010EGs IN

1

© 9000

60SEC.

@

67,140 LAT= =25.6627

1

0

LONG= =~44,6349
V=-CR Ve OP A=DR A-CR

6e682E+00 3.14YE+00 7.125E=04 7T.125E-04

6,812E+400 5,027E+00 7T.,001E=04 7.828E=-04

1e¢245E+400 34941E400 2.647TE~04 3.241E-04
CR OP ROLL YAW PITCH
=-49950 +00R2 DR =.2168 .1234  .9684
«0934 L4335 CR e264]1 ~,9476 . 1799
20358 =,9011 oP 9394 2948 «1728

L
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A=0OP

Tel2bE=04 °

1-007&"‘03
Tell7E=-04



AFTER MIDCOURSE CORRECTIGN, RMV=

T«373560E400 (FT/SEC) *00F=1,000

= P : P=DR P-CR pP-0P VDR V-CR Ve=OP A-DR A-CR A=0P
& S COMPe DEVe  1e934E+405 2.334E+405 14122E+05 3.949E+00 2.567E+00 2+544E+00 Te125E=04 T.125E=04 7T.125E-04
co DEVIATIONS 1.934E405 2.376E+05 18B02E405 3.949E+00 2.864E+00 4.656E+00 7.601E=064 7T.82BE=-04 1.00/t-03
' ; CERKORS 1.346E+03 4.13GE+04 '1.419E405 2,603E-02 1.245E+00 3.940E+00 2.647E-04 3.241F-04 T«117E-04
DEADBAND Uiy AXIS 1 CHANGED T0O 20.00000 DEG.
DEADHAND O AAIS 2 CHANGED TO 20.00000 DEG.
DEADBAND UN AXIS 3 CHANGEL TO 20400000 DEG.
"COMPUTER TURNED QFF .
I. Se. Ue TUHNCU OFF
ATTe CONTe. TURNED OFF .
STAR TRCKR TUKNED OFF '
SUN SENSOR TURNED OFF :
. ; P=pR =« P-CR P-0P V=DR V=CR V=OP A-DR A-CR A=0P
COMPo [EVa  14934E405 2.334E£+405 1,1226+05 3.,949€+400 2.567E+00 2.544E400 T4B54E-01 T.85%4F=01 7.854E=~01
DEVIATIONS = 1.934E405 2.376E+05 1.802E+405 3.949E+00 2.864E+00 4e656E+00 TeBS4E=01 Te854E~0]1 7.B54E=Q1
ERHRURS 1.346E+03 4,139€+04 1.419E+05 2,603E-02 1.245E+400 3.,940E+00 7.854E-01 Te854E-01 7.854E=-01
ESCAPE A A O R O O T T T T S T LA L A L R T T S TS S TS TR 1Y

COAST FOR 17242140400 SEC. (199D13H29M 0.00S)

)
0'&%99&%%“6#9#%40#,“”0##QQ“Q(}QQQ”QQ

HELIOCENT & .8 & 3 4 o 8 & & 0 4 & % & ¢ & # & & & @

AT 2000 0H 04 0,005

T2 17280000 ALT= 1,4347029E+12 VEL=. 9,4528212E+07 ANG= LONG=  108.9401
R Co P=DR P-CR P=0P V-DR V-CR V=P A=0R A=CR . A-OP
! COMP. DEVe To19BE+07 44.175E406 3.,102E+07 3.009E+00 F«BOSLE=01 14299E400 7e854E-01 7+854E~01 To854E=01
~ ‘ DEVIATIONS  T.4BBE+0T  4.845E+07 6.16TE+0Q7 3¢350E+400 5.027E+00 3.356E400 7.854E~g1 7.8564E=01 Te8h4E=01
“ERRORS 2Zell3E+07 4,8206+407 5.377E+407 1.,493E+00 4.938E+00 34112E400 74894E=01 7T.854E~01 7.854k=01 .
AITITUDE : ROLL YAW PITCH DR CR op ROLL YAY PITCH
XI  =42335 «9329 =.2741 XI e 7075  =47067 « 0034 DR =«357) «8071 « 4701
YI 06264 "0071.3 "07763 YI “"'6462 "06450 «4080 CR -00227 '05107 .8595
, Zl  =,7438  «.3529 =,5677 ZI  =,2862 ~-,2908 =.9130 op «9338 + 2963 « 2007
SUBSYSTEM  COMPUTER T S. U, ATT, CONT, STAR TRCKR SUN SENSOR ISU/C.PQS. COM. SYST, HORIZ.SEN,
STATUS =0 -0 0 0 0 0 1 0 0 0
COMPUTER "+ TURNED ON . .
le: Se Ua TUKNELD ON
~ SUN SENSOR TUKNED ON
"STAR THCKR TURNED ON
ATTe CONTe TURNCD ON
MO P=DR P=CR P-0P V=-DR V=CR V=0P A=-DR A-CR A=0OP
COMP, DEVe  T7¢19RBE+07 4,175E¢06 3.102E+07 3.009E+400 9.851E=01 1.299E+00 1.425E~01 14425E-01 1.425t=01
UEVIATIONS 70488E"07 40845E*07 60]67E‘07 30350t"‘00 5-027E“00 3.35654‘00 70854E"01 708546"01 7-854E-01 ) -
FRHORS 2e113E+07 44B20E+07 5.377E+07 1.%493E+00 4+938E+00 3.112E+00 7.854E-01 7.8545-01 7.854Ef0l e
BEGIN MANEUVERING TQ LOCATE SUN=CANOPUS
HEL&OCENT. ORI S L T R T T I SO T S S S

1800400 SEC.

COAST FOR

(0D OH30M 0.00S)

89.915 LAT= =24.9460

FIGURE B-7f. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)‘_
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ANGLE BETWEEN CELESTIAL BODIES=  76.48, BETWEEN OPTICAL AIDS= 90400 T N
DEAD BANDS  SET MAX .
R - ROLL  20.00 64,00 , , N o .
: YAW  B.00 8,00 _ .
. L PITCH 20400 22.48 S S
) MANEUVERS e .
' PITCH  7.363DEG.  YAW  6.57BDEG. ROLL-114.837DEG. IN 1800SEC.

-HELI:QCENT,u‘oﬁuuoau»uu;u‘o*uc’ruuoou»'u»au»%&aa»#ouoc»ueaoo«»a*auoauaoaa»#uqn

AT 2000 OH30M 0.009 ] . .
‘ T= 17281800 ALT= 1.4349578E+12 VEL=z 9.4546111E+407 ANG= 89,915 LAT= =24,9445 LONG= 101.4460
~ ‘ P=DR P=-CR P=-0P V-DR V=-CR V=OP A-DR A=CR A-OP
COoMP, DEVe T74198BE+07, 4.174E+406 34102E+07 3.009E+00 9,851E~=01 142996400 14031E=01 1.,228E=01 1.348E-01 -
DEVIATTONS  7.,4B9E+07 4,846E+07 6,16TE+07 3,350E+00 5.027E+00 3.356E400 7.854E-01 7.854E=01 7T.8%4E=01
ATTLTUDE ROLL YAW PITCH DR CR 0P ROLL Yaw PITCH
XD =.0799 =.1424 . 9866 X1 7075 =-.7067 « 0034 DR =3G29 =.7532 «5839
71 6969 ,6996 1574 YI  =.6462 =.6450 « 4080 CR =.1858 =.5542 =,B114
L1l =.T127 <7002 « 0434 Z1 =.2862 =~.2908 =.9130 oP «934T7 =.3543 « 0279

SUBSYSTEM CUMPUTER T S. Us  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePoSs COMe SYST. HORIZ4SEN.
,S8TATUS 1 1 1 1 1 1 1 0 0 SR R

END MANEUVER:NGoBEGIN SEARCH FOR SUN-CANOPUS

HE‘LJ;GG&:NT.»b‘«»uo»aooau»o6»«»«»uoa4»‘9##u»«uQaaoauuvu»anyo-agrgao#a

~ COAST FOR - 60400 SECa_ ( 0D OH 1M ¢400S) , _ o o
| ANGLE BETWEEN CELESTIAL BODIES=  76.48y BETWEEN OPTICAL AIDS= 90400

VEAD BANDS SET MAX .

ROLL S 20400 64400 z .
YAW  B.00 8400 S . e

S CPITCH 20,00 22.48

MANEUVERS : , - TR DRI e

e CPITCH  =.000DEG.  YAW .000DEG. ROLL =.000DEG. IN 60SEC.

" SEARCH FOR SUN IN 30+4 SECONDS WITH  1.00000 PASSES S ‘ R T e

: ANGULAR RATES (RAD/SEC)=ROLL . 02582 »YAW  0.00000  ,PITCH 0.,00000

“SEAKCH FOR CANOPUS  IN 29+6 SECONDS WITH  1.00000 PASSES

: ANGULAR RATES (RAD/SEC)=ROLL «00000 PYAW 402582  ,PITCH 0.00000

ENTo 9. @ 4 & & 5 & & & 4 8 4 0 0 4 & © & & & 4 & 4 4 4 & @ £ 46 4 & 8 o4 D B8 6 o4 o8B BB BB BB YR
o ] .

1]

200D 0H31H 04005 :
T= 17281860 ALT=  1.4349663E412 VEL= 9.4546T0TE+07 ANG=  89.915 LAT= =24.9445 LONG= 101.1962
S " P=0R P-CR P-0P V-DR V-CR .  VaOP A=DR A<CR ~ A=OP

FIGURE B-7g. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)-



COMP. DEV.  Tel198E+07 4 174E+06 341020407 3,009E+400 9.851E~-01 1.299E+00 1.031E-01 1.228E-01 1.348E-01
DEVIATIONS 7.489E+07 4,B46F+07 6.,167E+07 3,350E+00 5,027E+00 3,356E+00 1,031E-01 1.22BE-01 1,.,348E-(Ql

ERKORS T2eL1IBES0T 448RLE+07 Se37TE+0T 1.493€E400  4.939E+400 3.112E400 2.745E-=0% 24.63TE=04 6.97T9E-04
==} .
: &>‘~ ‘ Ko . ATTITUDE » ROLL YAW PITCH DR CR 0P ROLL YAW PITCH
© . CANOPUS - ACQUIRED ‘ XTI =.0799 =~.1424 e 9866 X1 o 7075  =47067 «0034 DR =.3029 =.7532 «5839

et YI 46969  ,6996 L1574 YI ~.6462 <-,6450 4080 CR =,1858 =-,5542 =~.8114
21 =.7127 27002 .0434 ZI  =¢2862 -.2908 =.9130 OP  .9347 =-.3543  .0279
SURSYSTEM COMPUTER  Ie S. U.  ATT. CONTe STAR TRCKR SUN SENSOR ISU/CeP.S. COMs SYST. HORIZ.SEN.

STATUS 1 1 1 1. 1 1 1 0 0 0

END SEARCH FOR SUN=-CANOPUS

+

HELTOCENT. & # & 4 & 8 # & & & § & & # & & & & & # & & # & & # & & & & & 8 4 & 4 # & 0 & & & & & # # & 3 8 8 & & & ¢ 8 2
. ’

 COAST FOR 1800400 SECe (. 0D 0OH30M 0.00S)
| ANGLE BETWEEN CELESTIAL BODIES=  76.48y BETWEEN OPTICAL AIDS= 90400

VEAD BANDS SET MAX o
ROLL - 20400 64400
YAW  8.00 8400

: PITCH 20.00 22,48
MANEUVERS ‘
PITCH  =.000DEG, YAW +UO00DEGs ROLL  =+003DEG. IN . 1800SEC.

CHELTOCENT @ # 48 @ & & @ % & & & # & & & # & 4 @ & # & & 3 & & 2 8 & # 4 & 8 % p & oH # B K BB BB S0 s B8P e B oo

AT 200D 1H 1M 04005 ’ ‘ . ]
T= 17283660 ALT= 1,4352183E+12 VYEL= 9.4564402E+07 ANG= 89,915 LAT= <=24.,9431 LONG= 93,7020 ~
‘ PwR - P=CR P=0P V=DR . V=~CR VaOP A=-DR A=-CR A=0OP

CCOMP. DEVe TW199E+07 44173E+06 3.102E407 3,009E+400 © 9«851E=~01 14299E+00 1.031E=-01 1.228E-01 1.3%8kE-01
DEVAATIONS 7.489E+07 4.847E+407 6.168E+07 3.350E+00 S.028E+00 3.356E+400 1.031E-01 1.228E-01 1.348E=01

A ]

; ERKORS 2e113E407 4.822FE+07 S.378E+07 14493E400 4.939E+00 34112E400 3284E-04 3.194E-04 7.208E-04
| e : : CATTITUDE < ROLL YAW PITCH (]2 S CR oP ROLL Y AW PITCH
CANOPUS ACQUIRED XI =,0799 =~.1425 « 9866 X1 7075 =.T7067 «0034 DR =.3029 ~¢7532 5838

YI «69A/9 « 6996 «1575 YI =e6462 =46450 «4080 CR  =«1858 =-.5542 =.8114
ZI = 7127 «7002 e 0434 ZI =.2861 =,2908 =.9130 0P . 9347 . =.3543 0279

SUBSYSTEM COMRFUTER - I Se U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CePaSe COMe SYSTe HORIZeSENS

STATUS 1 1 1 1 1 1 1 0 0 ’ 0
DEADBAND. UN AXIS 1 CHANGED 71O .10000 DEG.
DEADHAND. ON AXIS. 2 CHANGED TO «10000 DEG. T
DEADBAND ON AXIS = 3 CHANGED 10 «10000 DES, _ ) i
STATION RANGE RANGE DOT AZM ELE. SUN ANG.
CANBERRA 144352253E¢12 1.4163268E+05 -93.,579 41,574 83.658 ) - )
: MEASUREMENT ERRORS RANGE ELEVATION ALZIMUTH RANGE DOT
\ “INERTTIAL. SYSTEM 4,16301TE+07 7.804545E=06 442980)30E-05 1.123306E+03
"' DSIF =0 -0 -0 ; 4,100000E=~02

AFTER KALMAN UPUATE :
S PR v P-DR  P=-CR P=0P _ V-DR V-CR V0P A-DR A=-CR A=0P
COMPe DEVe To4B9E+D7  4.846E+0T 6164E+07 3.349E400 5.026E+00. 3.354E+00 7.125E-04 7.1256-04 T.125E-04

FIGURE B-7h. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATICN (Cpntinued)
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T e e GG DR SEOR DS BN G e e e B o i L

TeT83E=04 7.790E-04 1.013E-03
3.131E-04 3¢149E=04  T7.205E~=04¢

3.356E+00
14169E-01

5.028E+00
l+457E~01

44R4TE+0T 6.168E+07 3.350E4+00
14186E+406 2.389E+06 5.582E=02

DEVIATIONS
ERIONRS

Teb4BOE<QT
- 94234E+05

HELTOCENT e # @ @ & & 36 4 3 & 6.8 6 & & 4 6 & & @ & & # 8 # & 4 6 & & 4 6 & & 8 3 & & & & & # & & 4 & ¢ & & 6 ¢ & 0 & & %

COAST FOR 60,00 SEC. ( 0D OH TM 0.00S)
] . [
'Y ANGLE BETWEEN CELESTIAL BODIES=  76.48, BETWEEN OPTICAL AIDS=  90.00 -~ -~ oo
"'UEAD BANDS - SET MAX o ’ ’
ROLL «10 64400 L S
YAW «10 8,00
: PITCH W10 22.48 , R V
MANEUVERS : o ) R o -
PITCH  ~.000DEG.  YAW «000DEGe ROLL, =.000DEG. IN 60SEC..
7

HELIOCENTe # & # & & 4 3 4 4 & % & & 4 # 8 & 0 & & 4 0 € 0 & 3 & 4 4 & & & & 4 6 & 6 6 % & 4 8 & 8 0 8 & € 8 & 6 6 & ¢ 6

AT 200D 1H 2M 0.00S : : .
1.4352267E+12 VEL= 9.4564991E+07 ANG=

Py

T= 17283720 ALT= 89.915 LAT= =24.9430 LONG=  $3,4322 .
= P=DR P=CR P~0P V-DR V-CR VeOP A=DR A-CR A-OP )
COMP. DEVe To489E407 4.B46E+07 64164E407 3.349E400 5.026E+00 3.354E400 7.125E-04 T,1256-04 T.1259E=04
DEVIATTONS  T.490E+07 4.R4TE+07 6.168E+07 3.350E+00 5.028E+400 - 3.356E400 7.793E-04 7.803E-04 1,014k-03
CERROKRS  '9,234E405 1.,186E406 2.389E+06 5,582E-02 1.,457E~01 1.169E=01 3,155E-04 3,1H0E-04 7.220E-04
: ATTITUDE ROLL YAW PITCH DR CR op ROLL YAW PITCH T
CANOPUS ACQUIRED XI =+0799 =,1425 49866 XI = 7075 =,7067 0034, OUOR =.3029 =.7532 .5838° -7
: ' YL «6969 46996 L1575 Y1  =.6462 =.6450 4080 CR =.1858 =,5542 =.8114 ’
_ ZI  =eT127 57002 L0434 Z1 =-.2861 =,2908 =.9130 OP  +9347 =-.3543 .0279 A_ -
SUBSYSTEM COMPUTER I« Se Us.  AT7. CONT. STAR TRCKR SUN SENSOR ISU/CePeSe COMs SYST. HORIZeSENe .
STATUS 1 1 3 1 1 1 1 0 0 0 i
AFTER MIDCOURSE CORRECTION, RMVz  4.250002E-01 (FT/SEC) +DOF=1.000 ' o
i P=DR P-CR P-0P V-DR V=CR " VeOP A=DR A-CR 77 A=OP T
S COMPe DEV.  T7o4BYE+0T  4.046E+07 6.164E+07 3.230E400 4.747E+00 3.254E+00 T7.125E-046 7.125E-04 7.125E-04
DEVIATIONS  7.490E+07 4484TE+07 6.168E+07 3.231E400 4¢749E+00 3.255E400 7e793E-04 T.803E-04" 1.014E=03 ~ ="~
‘ « ERRORS 9+234E+05 1.186E+06 2.389E+06 5.600E~02 1.456E-01 1.169E-01 3.155E-04 3,1806-04 7T.220E-04
“DEADBAND ON AAIS 1 CHANGED TO  20,00000 OEG., ’
DEADBAND UN AXIS 2 CHANGED TO  20.00000 DEG. :
DEADHBAND ON AXIS 3 CHANGED TO  20.00000 DEG. T
“COMPUTER TUKNED OFF ‘ -
Te Se Us TUHNLD OFF - -
ATT. CONTe TURNED OFF
STAR TRCKR TURNED OFF -
SUN SENSOR TURNED OFF -
‘ S P=DR P=CR P-OP V-DR V-CR . VmOP A=DR A=-CR A-0P -
© COMP. DEVe  Te4HYE+QT  4.B46E+0T 64164E+07 3.230E400 *4.74TE+00 3.254E+00 7.854E=01 TeB5646E-01 7.854E=-01
DEVIATIONS  7,490E+07 4,847E+07 6.16BE+07  3.231E400 4,749E+00 3,255E400 7.854E=01 ~ T.854E-01 7.854E-01 ~ =
ERRORS 9234E405  14186E+406 2.389E406 5.600E=02 1.456E=-01 1.169E=01 7.854E=01 7.854E~01 T7.854E=01
5 | CHELJUCENT. # % 8 #'% o B & 6 & & 5 % & @ % # @ 4 & & 0 & & ¢ & & # # I R U I T T R I S S S TR S R
fee] : : : . : : i - ‘ -
et

CUAST FOR 17272280400 SEC, (199D22HS58M 0400S)

FTICURE B=743 . OPTTMIM QVCTEM ON SOURDIITE 9  TEURT 9 TUWAT TTATTAR £t o 1N



?_'kﬁ\ v

TARGET CTe & # 3 @760 8 30 8 & G & & -3 4 4 & ¢ ¢ 3 & & & 8 4 & 4 & & & & & & 3 2 # & & & & 6 4 & & # & 8 & & & & & ¢ &

AT 400D . 0H 0M 04005

? T= 34560000 ALT= 2.6049048E+12 VFL= 1.8816539E+08 ANG= 90,010 LAT= 65116 LONG= 155,7267
(00} . ‘ . P=DR P=CR P-0P V=DR V-CR V=0P A=DR A-CR A=-OP
L COMPo DEVe  1e162E+08 15126408 1.201E+408 2e472E+00 1+029E+01 64.122E+400 7e854E-01 7.854E=01 7T.854L=-01
' DEVLIATIONS 1.162E408 1.512E408 1.201E+408 2.472E400 1.030E+01 4.124E+00 7.854E-01 7.854E=01 7.854E-01
ERROKS 1.463E+06 4¢392E+06 4441BE+06 4e492E-02 34310E-01 14312E~01 TeB54E-01 T.854E-01 7.854E-01
ATTITUDE ROLL YAW PITCH DR CR opP ROLL YAW PITCH
XI =.0799 =,1425 9866 XI «1881 +1202 «9748 DR =e3767 =,9259 « 0265
Y1 «6969 « 6996 «1575 YI =e9062 +4039 «1251 CR 9182 =.3695 «1428
« LI =.7127  +7002 « 0434 Z1 =377 =490669 «1849 0P =.1225 « 0781 9894
SUBSYSTEM =~ COMPUTER I« Se Uy ~ATT. CONTs STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYST, HORIZ.SENe
| STATUS =0 -0, 0 0 0 0 1 0 0 0
COMPUTER  TUMNED ON f
Ioe Se Ue  TURNED ON .
SUN SENSOR TURMNED ON o , e
TUSTAR TRCKR TURNED ON :
ATT+ CONT+ TURNED ON | |
; T P=DR P=-CR P=0OP V=DR V«CR Ve0P A-DR A-CR - A=QF
COMPe DEV.e 1al62E408  1512E408 14201E+08 24472E+00. 1.029E+01 © 4.122E+00 14425E=01 1.425E=01 lea2bt=01
DEVIATIONS 1.1672E+408 1,512E+408 1.201£+408 2.472E+00 1.,030E+01 4,124E400 7T.B854E=01 7.854E-01 7.854E~0])
ERRORS  1.463E+06 4.392E+406 4.41B8E+06 4e492E-02 3.310E=01 1e312E~01 7e854E=01 T.854E-01 T.854E~01]
“BEGIN MANEUVERING TO LOCATE SUN=CANOPUS -
e TARGET CTe 4 & # # @ o & 4 8 3 & 4 § & & 6 € 8 & @ 4 & & % 0 0 € 8 & £ 4§ & & & 9 & # 4 6 £ @ £ 8 % B o4 0 # # # 4 b L on @

CUAST FOR . 1800400 SEC, ( 0D OH30M 0,00S)
_ANGLE éﬁTwEEN CELESTIAL BODIES= 76.669y BETWEEN OPTICAL AIDS=

H
UEAD BANDS = SET MAX .
ROLL. 20400  64.00°
Yaw B.0O 8,00
' PITCH 20.00 22.66
MANLUVERS r

CTARGET CTe # S8 & & & 8 4 & 5 36 4 & % 80 4 8t 4 & 4 4 B4 0 @ 3 3 3 % 8 4 S & & % 8 8 4o BB BB o8 % S on %S o

AT 400D OH30M 0.00S

90,00

1BD0SEC,

3

T= 134561800 ALT= 2.6048474E+12 VEL= 1.8816163E+408 ANG= 90.010 LAT=  =6.5106 LONG= 148,2286

B ‘ o P=NR P-CR P-0P V-DR V-CR VeOP A-DR A-CR
COMPe DEVa 14162E+08 15126408 1.201E408 2.478E400 1.030E+01 64.121E400 8.357TE=02 1.324E=01
VEVLIATIONS 1.162E+08 1.513E+08 1.201E+08 2.479E+00 1.031E+01 4.123E+00 7.854E=01 7.854E=01
ERRURS 14403E406 443936406 4.418E+06 4e510E<02 3.315E=01 1.312E-01 7.854E-01 7.854E-01

: ~ ATTITUDE ROLL YA PITCH DR CR * 0P ROLL YAW PITCH
. R S XTI =e1192 =~44462  +B86Y  XI  +188]  «1202  +9748 DR =.3728 =.8838 =.2827
YI 6864  ,6084  ,3983 YI =.9062 L4039  .1251 CR  ,9135 ~,4031  .0(555
OP =e¢1630 =.2375 9576

Z1 =.7173 «6563 «2338 ZI =e37B7 =49069 1849

FIGURE B-7j. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
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"le391E~01
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A e B e T RS TR R TR BEREER ROl RO 0 edeed 0w maedee ool

SUJSYSTEM COMPUTER  I. S, U, ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.Se. COM. SYST, HOR

1Z.SENe
STATUS 1 1 1 1 1 1 1 0 0 0

e

END “MANEUVERINGyBEGIN SEARCH FOR SUN=CANOPUS

| TARGET CT.?ﬁﬁ“ S R T G T O Y ¢.§'§ LR I B R R R S # @ é LI I A R A #%“.“A#v
COAST FOR 60400 SEC. ( 0D OH 1M 0.003) ) N
ANGLE BETWEEN CELESTIAL BODIES=  76+66s BETWEEN OPTICAL AIDS= 90400

DEAD BANDS ;Sér, MAX., |

ROLL 20.00. 64.00

YAW . Be00 8400 | . L e N
PITCH 20400 22.66 R -

e e e e e eme e s sameme S e e hecs o e e e e e e m e

MANEUVERS - : . . e el ——
PITCH ~  +000DEG. Yaw «000DEGs ROLL =,000DEG. IN 60SEC,
SEARCH. FOR SUN IN 304 SECONDS WITH i.ooboo PASSES R T o T -

ANGULAR RATES (RAD/SEC)=ROLL 02583 sYAW  0,00000  4PITCH 0.00000

" SEAKCH FOR CANOPUS IN 29.6 SECONDS WITH  1.00000 PASSES
g ANGULAR RATES (RAD/SEC)=ROLL «00000 - oYAW.  <02583 _ HPITCH 0400000

THERGET CTe # # @ & o & & % # & 0 & 8 5 & # & # & & € £ # & & & & & % & 4 &4 # o # © 4 # & 0 0 ¢ ¢ & & ¢ & & & 4 & & 4 b
. R * 3 -

AT 400D OH31M 0.00S | ' |
T= 34561860 ALT= 2.604B455E+12 VEL= 1,8816150E+08 ANG=  90.010 LAT=  =6.5106 LONG= 147,9787 _ |
P=DR P«CR P=0P V~DR V-CR V=0P A-DR A-CR 777 A-~QP T T
COMP. DEVe 1.162E408 1.5126408 1.201E+08 2.479E400 14031E+0)1 4.121E400 B.357E=02 1.324E-01 1.391E~01
DEVLATIONS  1.162E+08 1.513E+408  1.201E408 2.479E+00 1.031E+01 4.123E+00 B.357E-02 1.324E-01 ~ 1.391E-01 -

ERKORS  1.463E+06 4.,393E406 4,418E+06 4,511E-02 3,315E~01 1,312E-01 2.826E-04 7,053E-04 2.318E-04
e ~ ATTITUDE ROLL YAW  PITCH DR CR op ROLL  YaWw  PITCH
CANOPUS  ACQUIRED . XD =e1192 =.4462  oBB69  XI  +1881 41202 9748 DR =.3728 =.8838 =-.2827 ~ O o

Yl 6864 <6084 »3983 YI =.9062 «4039 «1251 CR «3135 " ~-,4031 « U555
ZI  =.7173 «6563 «2338 ZI  =e3787 =4¢9069 «1849 0P =41630 =.2375 « 9576

SU8$YSTEM COMPUTER Ie Se U, ATT. CONT, STAR TRCKR SUN SENSOR ISU/CePeSe COMe SYSTe HORIZJSENe
STATUS 1 1 1 - 1 1 1 B L 0 0

END SEARCH FOR SUN=-CANOPUS

v,

TARGET CTe @ # 3 @ 0 o 8 & & 0 @ & & 3 # # & & 4 @ # & 6 % & ¢ 0 8 8 & 6 0 # ¢ 6 6 6 & # ¢ 8&78 8 0 6 0 & 00 ¢ 8 09 ¢~ "7~

ICUAST FOR 1800400 SEC. (0D OH30M 0.00S) 4
v ANGLE BETWEEN CELESTIAL BODIES= 76466y BETWEEN OPTICAL AIDS="" 90,00 ~

VEAD BANDS  SET MAX .,

CROLL . 20400 664400
YAW - 8400 8400

FIGURE B-7k. OPTIMUM SYSTEM ON SCHEDULE 2, IEVEL 2 EVALUATION (Continued):
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PITCH
MANLUVERS
. PITCH

20.00 22466

«000DEG. YAW .OOODEG.’ ROLL = ~.001DEG. IN 1800SECe

TARGET CT..qsa«»‘Aaouujx‘tc%«»&"uoo‘*uu&%&oouua.u#*»u&q

L AT 4000 1H 1M 04005

[ A R R IR IR IR LR NI R AR B AR L

W

T= 34563660 ALT= 2,6047B8BE+12 VEL= 1.8815780E+08 ANG= 90,010 LAT= -6.5096 LONG= 140,4806
: Lo CP=DR P=CR P=0P ~ V=DR v~CR VeOP A-DR A-CR A=OP )
COMP. DEVe 14162FE+08 1.513E+408 1.201E+08 2.506E+400 1.035E+01 4,125E+400 B.357E-02 1.324E-01 1.391t-01
CDEVIATIONS  1.162E408 1.513E+08 1.,202E+408 2.507E+00 1.035E+401 4,127E+00 B8.35TE-02 1.324E-01 1.391E-01
"ERKORS 1+462E+06 4e393E+06 4.418E406 4e563E=02 3.328E-01 1.313E-01 3.3%52E=-04 T.28B0E-04 2.936E~04
, ATTLTUDE " ROLL YAW PITCH DR CR oP ROLL Yaw *  PITCH
"CANOPUS ACQUIRED XI =el192 =,4463 <8869 XI .1881 1202 « 9748 DR  «e3729 =.6838 =.2827
, ‘ YI 6864 6084 .3984 Yyl =-.9062 <4039 «1251 CR «9135 =,4031 <0555
ZI ' =oT173 6563 «2338 21 =.3787 =.9069 «1849 OP . =,1630 =.2375 e 9576
SUHSYSTEM CUMPUTER Ie Se Us ATT. CONTe STAR TRCKR SUN SENSOR ISU/CePosSe COMe SYST. HORIZ.SEN. B
5TATUS 1 1 1 - 1 1 X 0 0 0
DEADHAND U AKIS 1 CHANGED TO «10000 DEG, '
CDEADHAND ON AAIS. 2 CHANGED TO «10000 DEG.
DEADBAND Op AXIS -3 CHANGED TO «10000 DEG,
STATLON RANGE RANGE DOT AZM ELE. SUN ANG.
CANUERRA 2¢H04T916E+12 =3,1699020E+04 -17.455 60.115 68,370
MEASUREMENT ERRORS RANGE ELEVATION AZIMUTH _RANGE DOT
INERTIAL SYSTEM 3.122607E+06 1.380856E-06 1.641227E-06 3.615424E+402
o : ) ' DSIF ' =0 -0 -0 4,100000E-02 e
r L AFTER KALMAN UPUVATE
o P-DR P-CR P=0P V-DR V-CR VaOP A=DR A=CR A=OP
COMPe DEVe 1e162E+08 1.513E+08 1.202E+08 2.506E+00 1.035E+01 4,127E+00 7.125E=04 7.125E=04 7.125E-04
DEVLATIONS 1.162E+08 1,5136+08 1.202E+08 2,507E+00 $.035E+01 4,127E+00 7,874E-04 1,019E£-03 T.707E-04
ERKOKS 5.637TE+05 1.791E405 TeT737E405 9.290E=03 - 3.345E-02 1.218E~02 34351E-04 7.2B0E-04 2.936E-04

TARGET CTae # ® # & B & & # # & & 0 & & & # # & # £ 4 & & & & 4 8 ¢ & & & # & 6 6 & # 6 & & % & £ & & & & & & & % & & ¢4 @

6000 .SECe ( 0D OH 1M 0.005)

COAST FOR'
¥ ANGLE BETWEEN CELESTIAL BUDIES=  76.66s BETWEEN OPTICAL AIDS= = 90.00
"DEAD BANDS  SET MAX o )

ROLL «10 64400

YAW «10  8.00

A PITCH «10  22.66

N MANEUVERS : ;

"PITCH +000DEG.  YAW +000DEGs ROLL  =.0000EG. IN 60SEC. o

 TA%GET CTe @ % % & % & @ & 4

AT 4000 1H 2M 0.005

[UNNR T TR T SEE -2 K- T S RN BN TN S NN B B RN R - R @ b REIEE 20K 2N B R B B N SN - <R

9E+12 VEL= 1.8815768E+08 ANG=

T= 134563720 ALT=  2.604T86 90,010 LAT=  =6.5096 LONG= 140,2307

S ‘ P=-DR P-CR P=0P V-DR V-CR V=0OP A-DR A-CR
COMP. DEVe 1.162E+08 1.513E+08 1.202E+08 2.507E+00 1.035E+01 4.127E+00 7.125E-04 7.125E-04
DEVIATIONS 1.162E+08 1.513E+08 1.202E+08 2.508E+00 1.035E401 4.127E+00 7.887E-04 1,020E-03
ERROKRS 3.382E-04 T.295E-04

SeHITE+0S 1e79I1E+0D TeT7ITE+0S 9.2B9E=-03 3.346E-02. 1.218E=-02

: FIGURE B-71. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)’
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CTARGET CTe 8 8 8 # 20 & & # & & 4 8 3 4 & & # & ¢ & & # &

CUAST FOR ' 896522.00 SEC, ( 10D 9H 2

i

AT 410D10H 4M 2.00S

M 2.00S) -

7.737E+05

TARGET CTe # 4 4 & & o & & & % & 4 4 & & & & & 4 & & &

04 4 o8 BB BB

% B % B % W ¥ H @

TS S ST

#% &  $

e s I Soes B s eig T l D e mwead sk e oo -
| ATTLTUDE ROLL YAW PITCH . DR CR oP ROLL YawW PITCH
CANOPUIS ACQUIRED XD .re1192 =.4463  .8869 . XI #1881 L1202  .974R DR =.3729 =.8838 -.2827
ok YL  «68h4  ADB4  ,3984 YI =.9062 L4039 .1251 CR 9135 =.4031 L0555
‘ Z1 =.T173  +6563 42338 Z1 =43787 =.9069 1849 OP =.1630 =.2375 9576
SUBSYSTEM, COMPUTER  T. S. U.  ATT. CONT. STAR TRCKR SUN SENSOR ISU/CeP.S. COMe SYST. HORIZ+SENs
5TATUS ] | 1 1 1 1 1 0 0
AFTER MIDCOUKSE CORRECTION,” RMV=  2.500012E-02 (FT/SEC) »DOF=1.000
I P=DR P=CR P=0p V-DR V-CR V0P A-DR A-CR
GOMP. DEV. "1.162E408 1.513E408 1.202E408 2.508E+00 1.035E401 4.127E+00 70125E=04 7.125E-04
UEVIATIONS 1.162E408 1.5136+08 1.202E408 2.5086+400 10356401 421276400 7o867E-04 ' 120206-03
JERRORS  © 54637TE+05 1e791E¢05 7.737E405 94313E=03 3¢347E=02 1e217E=02 3.382E-04 7T.295E-04
ATTe CONTs; TURNED OFF y :
COMPUTER | TURNED OFF
Is Se Ua | TURNED OFF
STAR THCKR TURNED OFF
SUN SENSOR TURNLH OFF
~COMa BYSTe TUKNED OFF
B - ‘ P-DR P~-CR P=-0P V=DR V=-CR V(P A=-DR A-CR
COMPe DEVe 1.162E408 145136408 1.202E+408 2.508E+400 1.035E+401 - 4,127E+00 7+854E=01 7T+854E-01
DEVLIATIONS 1,162E+08 1,513E+408 1.202E+08 2.,508E+400 1,035E+401 4,127E+400 7.854E=01 7.854E=01
- 7 ERROKS 54637E+05 1.791E¢05 99313E-03 3.347E~02 1.217E-02 7T.854E=01 7.854E-01

L 2 R R

& % % % % ¢ B B

T= 35460242 ALT= 2.5764392E+12 VEL= 1.8630775E+08 ANG= 90,006 LAT=  ~6.0886 LOUNG= 544976
4 : e . P=DR P-CR P=OP V-DR V-CR V=0P A-DR A-CR
COMP, DEVe 4,081E+08 2.602E+401 2.372E+08 1.635E404 2.685E+04 3.810E+03 7.854E-01 7.854E=-01
DEVLIATIONS 4.0BlE+08 2,552E405 2.373E+08 1.635E404 2.685E+04 3.816E+03 T.854E-01 7.854E-01
ERRORS = 4,179E+05 2,552E405 4,122E+05 5,227E+400 2,512E+01 3,T11E+00 7,854E-01 7,.854E-01"
CATTITUDE ROLL YAu PITCH DR CR oP ROLL YAW PITCH
AT =e1192 =,4463 8869  XI 1142  ,1908 9750 DR +e7448 - =.6072 =.2768"
YI 6864  ,6084  .3984 YI =,9909 -,0483 L1256 CR  ,6474 =.7580 =.0792
P ZI =.7173  ,6563 2338 ZI = +0710 =-.9804 1836 0P =.1617 =~.2382 Y577
SUHSYSTEM COMPUTER  Ie Se Us  ATT. CONT. STAR TRCKR SUN SENSOR ISU/C.P.S. COMs SYST, HORIZ+SENs
T 'STATUS -0 =0 -0 -0 =0 0 -0 0 0
TARGET MISSy RMS= 2.552457R7E+05y DOF=1.000 ) N .
o COMPUTER N 12783.00 SEC,
o o Te Se U, | 12783.00 SEC.
T : ATTs CONT, L 427TT7.00 SEC,. i
x ) STAR TRCKR Y 42777.00 SEC.
~ SUN SENSOR .\ 42777.00 SEC. ;
- ISU/CePeSe L 12783,00 SEC,

FIGURE B-7m., OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)
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S

ACCELEROMs=  GG=177 66177 6G=177 GYROSCOPES= 18-IRIG-B  18~IRIG-B  18-IRIG-B
ISU DATA(HORIZONTAL DESIGN NUMBER & 10PTIMUM) ON TIME (HR)= 3.551
OUTSIVE DIMENSIONS WEIGHT WEIGHT EXCITLENERGY=
LENGTiH= 10200 BLOCK= 5.407 INSULATION= 1.019 EXCIT.POWER =
WiuTH= 7.500 BASE= 3.540 ELECTRONICS= 10.000 TOTAL P.FAIL=
HEIGHT = 44610 COVER= 24171, COMPONENTS= 44500 TOTAL WEIGHT=
ISU THERMAL ANALYSIS ' .
' MAX.HEATER POWER= 964525 MAX+ THERMAL CONDe=. 241450 TOTAL ENERGY=
MIN.HEATER POWER= -4000 _ MINJTHERMAL COND.= 1.0725. TOTAL POWER =
SUBSYSTEM PARAMETERS g
CUMPUTERS ~ STAR TRCKR SUN SENSOR ISU/CePsSe COMe SYST. HORIZ.SEN.
© O SIGN III.  ITT-LUN.OB  ADCL=-1402 NONE . . MCR=-503 NONE ‘
TLHE= © 3,551 11.882 11.882" 0.000 960),033 0,000 0.000
ENERGY= 4084346 95.060 59.412 0,000  33603.617 0+000 0.000 TOTAL
POWER= 115,000 A.000 5,000 0,000 - 3,500 0.000 0.000 TOTAL POWER =
P FAIL= 00064 ,00013 $00012 0.,00000 .09155 0,00000 - 0,00000 TOTAL P,FAIL=
WEIGHT= 274000 74000 24000 0+000 3.100 0000 0000 TOTAL WEIGHT=
 ATTITUDE CUNTROL SYSTEM ANALYSIS ON TIME (HR)= 11.882
THRUST SIZING (LB) o FUEL CONSUMPTION (LB=SEC)
s ROLL YA . PITCH ROLL YAV PITCH
SOLAR PRES= <0000 <0000 <0000
MIDGCOURSE = 0,0000 «3778 .3778 MANEUVERS= .2836 «1592 e1947 TOTAL ENERGY=
MAX G THRUST= .0099 +3778 «3778 TOTAL IMP= 84006 5.2924 5150 TOTAL POWER =
: , E TOTAL P.FAIL=
S NO. OF FLRINGS= 43364 TOTAL IMPULSE=  14.2079 B FUEL WEIGHT=  »,253713 TOTAL WEIGHT=
ENERGY SOUHCE DATA
TOTAL POWER=  280.925 TOTAL ENERGY= 345314066 _ TOTAL WEIGHT=
WIRING: : i 4 _ . . TOTAL WEIGHT=
MIOCOURSE ENGLNE | ‘ o
EXPECTED DELTA=V= 74386 DOF=1.000 CAPABILITY= 14+007 - TOTAL WEIGHT= "
PENALTY SUMMATIUN ' PROBABILITIES WEIGHT R
INSUF « MIDCOURSE FUEL= « (5806 ASTRIONICS=  331.645
EXCESSIVE T6Te. MISS = 0400000 SPACECRAFT= 16684355
UNRELIABILITY = «09760 TOTAL= 2000,000 ) ]
» , ASTRIONICS TOTAL = +15000 "
O e PENALTY (MODE 3)=
EXECUTION TIMESs START= 58,51y END= 97,19y ELAPSED=38.,684(SEC,)
FIGURE B-7n. OPTIMUM SYSTEM ON SCHEDULE 2, LEVEL 2 EVALUATION (Continued)-
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