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SUMMARY
A study has been performed to evaluate automatic switching of the
Shuttle Orbiter S-Band Quad Antennas by the Orbiter on-board
computers. The study inyo]ved the development and use of an
extensive computer program to determine antenna switch position states
as a function of time for various orbital activities. The selection
of the optimum Quad Antenna element at any given time is based on
the Took angle to the appropriate Tracking and Data Relay Satellite
(TDRS). This study shows that a 2.4 second period is required for
updating the S-Band Quad Antenna switch state based on a maximum
roll rate of 2° per second. The possibility of a variable update
period is suggested since the 2° per second attitude rate is
seldom encountered and would, for example, dictate approximately
248,000 on-board computer calculations during Reference Mission 2.
The average number of antenna switch state changes was found to be

in the range of 1300 for Reference Mission 2.

vi
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I. INTRODUCTION

The purpose of this report is to evaluate the antenna switching
characteristics of the S—Bénd Quad Antennas for a typical Shuttle
mission. This information is needed in order to assess the required
update period{(s) for the S-Band Quad Antenna switch from the

associated Shuttie Orbiter computer.

Background information is given in Section II in order to explain the
operation of the S-Band Quad Antennas, the antenna switch and the
associated Shuttle Orbiter computer interfaces. This is followed by
Section III which contains a summary of attitude and trajectory
profiles of Reference Mission 2 with 3 options. Section IV describes
the operation of the ground-based Fortran computer programs used to
simulate automatic switching and mission activity, and this is followed
by Section V which gives the results of the computer runs which were
made at the Johnson Space Center. Finally, in Section VI the results
of the computer runs are combined with the trajectory and attitude
profiles to evaluate antenna switching characteristics for Reference

Mission 2 with a recommendation for the antenna switch update period.
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IT. BACKGROUND

The S-Band Quads consis; of four separate antennas mounted 90° apart
near the surface of the Shuttle Orbiter (See Figure la.).

The antennas provide communication between the Shuttie Orbiter and

the ground either directly or via a synchronous Tracking and Data

Relay Satellite (TDRS). In both cases the S-Band Quad Antennas may

be switched separately by manual or automatic selection. In the
automatic selection mode real-time calculations are performed by Orbiter
on-board computers to determine the "optimum" antenna. This selection
is based on the antenna coverage and the line-of-sight Took angle
between the Shuttle Orbiter and appropriate TDRS or ground station.

For the purpose of this study each Quad Anternna was assumed to have

a preferred pattern in a particular roll quadrant. It should be noted
that the performance of each Quad Antenna is specified with the

antenna mounted on a minimum ten (10) wave]eﬁgth diameter ground plane
(Reference 1) which is covered by an appropriate thermal protection
system (TPS). Each antenna has a +3dB or better gain defined over a
140° x 90° ellipse-shaped beam. The gain is referenced to a

circular isotropic lTevel; however, as was pointed out in Reference 2 the
specification does not guarantee a perfect isotropic level since the
word "perfect" is omitted: This may be corrected by inserting the

word "perfect" in the specification or by specifying the antenna
efficiency. The antenna patterns for the Quad Antennas mounted on

the Shuttle Orbiter will be somewhat different from those on the circular

ground plane due to curvature effects, shadowing and antenna axis canting
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at each Shuttle Orbiter location. Yet, until accurate patterns are made,
it is very reasonable to assume that "optimum" coverage is obtained

in the appropriate roll gquadarant. For example, if the line-of-sight
look angle between the Shuttle Orbiter and a TDRS is in the roll
guadrant between the +Y and -Z axes the upper right (UR) antenna is
selected. For look angles in the -Z/-Y quadrant the upper left is
selected, etc. An illustration of the Shuttle Orbiter coordinate system
is found in Reference 3 and is redrawn in Figure 1 to define the roll
angle {5), the pitch angle (8) and the yaw angie ( ¥ ). The reference
points for roll, pitch and yaw are not given in Reference 1; therefore,
for the purpose of this report the 0° roll angle is referenced to the

~7 axis, the 0° pitch is referenced to the +X axis and the 0° yaw is
referenced to +X axis. It should be noted that a unique line-of-sight
look angle is defined by specifying any two attitude angles and the
sequence. For example, a yaw of 30° and a pitch of 30° would correspond
to a line-of-sight Jook angle in the -Z/+Y rol11 quadrant and the upper

right Quad would be selected.

The selection of the proper antenna is made by an Orbiter computer which
controls the antenna switch (Reference 4). A simplified functional
diagram is shown in Figure 2 to illustrate the interfaces between

the antenna switch and the Orbiter computer. The antenna switch has
four input ports two of which are connected directly to Transponder #1
and Transponder #2 in the low power mode. The other two input ports
are used for the high power mode with a paramplifier for either a high

or low S-Band frequency. The four output ports are connected to
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individual Quad Antennas. The switch is controlled (Reference 4}

so that any one input port and any one output port are connected.

In the low power mode, communication is made directly with one of

five (5) ground stations and in the high power mode, which is used most
of the time, communication is relayed to a ground station via a TDRS.
The control of the antenna selection may be manual or automatic via

the associated Orbiter computer. The computer interfaces with the
switch through the Multiplexer-Demultiplexer (MDM). Signals going to
the computer include the present antenna state and the selection of
TDRS (high power) or direct ground communication (Tow power). Also,
real-time attitude and trajectory information are inputs to the computer.
The signals from the computer to the switch determine the updated
antenna switch position (i.e. upper right, upper left, lower right or
Tower left). The output from the computer may consist of a 2-bit

word for determining the four unique positions. The antenna selection
is determined by computing the Tine-of-sight Took angle between the
Shuttle Orbiter and the appropriate TDRS or ground station. This

Took angle is then used to determine the “optimum" antenna and an
updated signal is sent to the switch through the MDM. The major effort
of this study is to assess the required update period for the antenna

switch based on Shuttie mission activities.
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III. ATTITUDE AND TRAJECTORY PROFILES

Reference Mission 2 is a seven (7) day combined satellite servicing
and sortie mission. It is one of three reference missions designed
to illustrate current Shuttle operational functions, techniques, and
philosophy. Mission 2 is assumed to have three sortie experiment
options each representing a major scientific discipline area to be

supported by the Orbiter. These three sortie disciplines are astronomy,

earth observation and space processing.

For Reference Mission 2 the Shuttle is assumed to be Taunched from
the Kennedy Space Center (KSC) at 9 a.m. on December 1, 1986. During
launch the vehicle rolls at a maximum of 9° per second (Reference 5).
After the external tank is jettisoned, the orbital maneuver system
insertion burn places the Orbiter into a 100-b§—50 nautical mile
orbit. A maneuver at the first apogee essentially circularizes the
orbit, and rendezvous phasing with the satellite is begun. The

rendezvous is completed approximately one day later.

After rendezvous and docking with the satellite, refurbishnient operation
commences at 26 hours ground elapse time (GET). Refurbishment operations
terminate at 46 hours GET at which time servicing equipment is stowed.

At 49 hours GET the orbit is adjusted to establish a perigee of 230 n.
mi. and then a circularization maneuver is performed at perigee 48
minutes later. At 50 hours GET the Orbiter is oriented to the attitude

required for the sortie operations. Sortie operations are performed
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during the next 5 days. At 161 hours 30 minutes payload closeout
operations begin and preparations for deorbit commence. The
deorbit is executed at 164 hours 28 minutes GET with the landing

at KSC at 165 hours 32 minutes and 2 seconds GET.

As previously described Mission 2 can be tailored to support a
particular scientific discipline by one of three sortie options.
Option 1 is a satellite servicing/astronomy mission, Option 2 is

a satellite servicing/earth observation mission, and Option 3 is a

satellite servicing/space processing mission.

Option 1 consists of astronomy sorties using the 1.5 meter IR telescope.
The Orbiter should be stabiiized in an inertial attitude with the Orbiter
-Z-axis pointed to the target. The Orbiter orientation about the Z-axis
is unconstrained; however, the Orbiter X-axis is assumed to be in the

orbital plane (X-10P).

Option 2 consists of various experiments utilizing the Advanced Technology
Laboratory (ATL). The best attitude time Tine for this payload is

a heads down local vertical/%local horizontal (LVLH)'atiitude for long
periods of time. Such an attitude requires thermal conditioning to

meet TPS constraints.

Space processing comprises the Option 3 time line with all experiments

Tocated in the sortie lab. The best attitude seems to be an X-POP
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{X-axis perpendicular to the orbital plane) LVLH inertial attitude. The
X-axis is reversed every eight hours to comply with thermal ‘conditioning

constraints.

Mission"2 time Tines were studied to determine the amount of time
devoted to specific Orbiter attitude activities. The studied activities
include holding inertial attitudes, barbecue rolls for thermal
conditioning, platform alignments and attitude realignments. Reference
Mission 2 time lines for Options 1, 2, and 3 were obtained from a
MDTSCO report entitled "Preliminary Baseline Reference Mission 2
Attitude and Pointing Time Lines" (Reference 6). The times of each
activity and the percentage of the mission duration are summarized

in Table I. This table does not account for Tlaunch and landing.

The total mission time for Reference Mission 2 is 165 hours 32 minutes
and 2 seconds. Launch takes 9 minutes and 57 seconds. The orbiting
period which is used in Table I takes 161 hours 20 minutes and 3

seconds. The landing takes 4 hours 2 minutes and 2 seconds.

The worst case angular rate for obital operation is given in

Reference 7 as 2° per second. The maximum roll rate is given in

Reference 5 as 9° per second for launch and the maximum bank angTe

rate is given as 5° per second for landing.
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OPTION

ODRBITER
ACTIVITY

OPTION 1

OPTION 2

OPTION 3

INERTIAL HOLD

58.2%

53.8%

70%

SLEEP PERIOD
(THERMAL CONDX

OR INERTIAL HOLD)

24,8%

24.8%

24.8%

ATTITUDE
REALIGNMENTS
(MANEUVER)

13.3%

PLATFORM
ALIGNMENTS
(STAR TRACKING)

1.2%

1.2%

LVLH ATTITUDE
HOLD

14.1%

TABLE I.

ATTITUDE ACTIVITY SUMMARY' OF MISSION 2
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1V. COMPUTER PROGRAM OPERATION

This section contains a description of thz computer programs

used to simulate automatic switching. First, the Shuttle

Attitude and Pointing Timeline (SAPT) Processor is discussed.

Second, the required additions and modifications are discussed ’
incTuding specially developed Subroutines SWITCH, TDRSIF, and SWPRNT.
A simplified flow chart is given to explain the overall functions

of each subroutine.

The Shuttle Attitude and Pointing Timeline Processor is a
sophisticated computer program which calls up many subprograms.
The processor has the capability to input, store and edit summary
attitude descriptor data to allow definition and generation of
summary attitude and pointing time I1ines. The inputs consist
primarily of a set of descriptor data cards defining the attitude
and pointing requirements for the event being considered (i.e.,
inertial hold, roll rate, pitch rate, etc.).  The program
requires an input trajectory tape for the mission to be simulated,
an ephemeris tape for a time period including the mission dates, and
a tape with the SAPT program and its associated subroutines. The

SAPT program without the associated.subprograms is given in Appendix I.

Input descriptor card information is given in Figure 3. The input
format fields are given in Figure 3a and a sample descriptor is given
in Figure 3b. The first input card following the XQT (execute)

command card must be a data card defining the base date from which
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to measure GET. This card is required only once per program
execution. The attitude and pointing event descriptor cards follow
the base data card in a format which might include up to four

data cards per descriptor {See Figure 3b.}. The first card in the
event set is the event name card. Seventy-two characters are

allowed to de§cribe the event in an alphameric field format (See
Figure 3a.). The second data card contains the attitude requirements.
The third and fourth cards are necessary to define target pointing
requi?ements, if any. The event sets are arranged chronologically
and treated individually during SAPT execution. Typical events

which can be handled by SAPT are target look angle calculations

and Shuttle attitude simulations. Celestial, ground and special
targets may be specified by reference to a target table included

in a SAPT related subroutine or by inputting values to a set of
parameters which will locate and define the desired target. As an
example of the second target definition wethod, a TDRS may be
specified as an elevated ground target by inputting its longitude,
Tatitude and altitude above the earth's surface as shown in Figure 3b.
A typical run deck set up is shown in Figure 4. SAPT has been
applied to the problem of calculating look angles (a yaw-pitch
sequence) to a TDRS while maintaining the Shuttle attitude required
for any specified Orbiter activity. Reference Mission 2 trajectories,
an ephemeris tape for the period 1986-1995, a modified version of

the SAPT processor, and three special subroutines are combined to

form the computational basis for calculating look angles to TDRS targets.
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The direction determined by the yaw-pitch Took angle sequence
is converted into a Shuttle roll gquadrant to determine the proper
S-Band Quad Antenna for communication to a TDRS. (Note: a pitch-

yaw sequence may result in a different look angle direction).

Subroutine SWITCH determines the rol1 quadrant based on each
yaw-pitch look angle using the 1imits shown in Table II. A Tisting
of the Subroutine SWITCH appears in Appendix II.

Look angle calculations are performed at the same GET's for both
synchronous TDRS's. Both TDRS's are located 5.6107 earth radii
above the equator with one at a longitude of 41°W and the other
TDRS at 171°W. Since communication is assumed to be with only
one TDRS at any given time, a subroutine TDRSIF was written which
defines the range limits of each TDRS. A comparison between the
Shuttle longitude and each TDRS longitude determines the closer
TDRS for communication. A method for insuring proper TDRS target
longitudes is employed in TDRSIF- so that consecutive descriptors
alternate between TDRS's. A Tisting of the Subroutine TDRSIF

appears in Appendix III.

Subroutine SWPRNT was written és a means for controlling the printed
output resulting from TDRS and antenna selections. For example, if
the currently selected antenna is the same as the antenna previously
selected, then no switch change is required. SWPRNT will not allow the
event to be printed if the Shuttle longitude is out of the range of the

current TDRS Tongitude 1imits or if the current selected antenna is the
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For 0° < YAW < 180°

For 180° < YAW < 360°

Upper Right (UR) 0°
Upper Left (UL) 90°
Lower Left (LL) {180°
Lower Right (LR) $70°

< pitch < 90°
< pitch < 180°
< pitch < 270°
< pitch < 360°

Upper Left (UL)
Upper Right (UR)
Lower Right (LR)
Lower Left (LL)

TABLE IT.

LIMITS FOR SUBROUTINE SWITCH
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same as the previously selected antenna. A listing of SWPRNT is

included in Appendix IV.

A simplified flowchart of the SAPT processor along with the three
special subroutines is shown in Figure 5. The descriptor input

event set is read by a subroutine called in SAPT. The event set
defines the attitude for the Shuttle and the target information,
which in this case is the TDRS Tlocated at 41°W longitude. A
yaw-pitch look angle to the TDRS is calculated in SAPT. However,

if the Shuttle is not in the range of the TDRS 41°W, then the

look angles to this target will be disregarded and Took .angles to
TDRS 171°W will be computed. DFscriptors are arranged so that
caluclations to both TDRS's are computed at simultaneous GET%s. If
the test in TDRSIF 1is sucessful, that is the Shuttle is closer to fhe
TDRS at 41°N, then an antenna selection is made in Subroutine SWITCH.
SWITCH also compares the currently selected antenna to the previously
selected antenna. When a different antenna selection occurs an
output is to be -printed. Otherwise, no information is printed and the
next input event is read. Subroutine SWPRNT is then called by SAPT
assuming an antenna change has occurred. SWPRNT prints the selected
antenna and the current number of total switch position changes. The
next event set is then read. A printout of an actual run deck used

for simulation of a 0.5° per second roll is given in Appendix V.
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SET
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LOCK
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FIGURE 5., FLOW CHART FOR SAPT/SWITCH/SWPRNT/TDRSIF
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Y. COMPUTER PROGRAM RESULTS

The results of the computer runs are shown in Tables II-XI. In

each run the GET begins at approximately 50 hours from Taunch and
represents particular mission activities. This approach of
simulating particular activities was choosen f;r two reasons. The
first is the presently planned activities may be changed at a future
date, thus exact simulation of a particular missjon would be invalid
at a later date. The second reason is that a detailed simulation
could easily require 50 hours of Johnson Space Center computer time
which would have an excessive cost. The simulations for each
activity last for approximately one orbit except for star tracking

which lasts only 60 minutes due to earth blockage effects.

Table III shows that 31 switch position changes are required for an
earth centered inertial (ECI) roll rate of 0.5° per second during a
single orbit. It is noted that the TDRS at -171° (171°W) longitude

is used for the First 42 minutes and that the -41° (41°W) Tongitude
TDRS is used during the remainder of the-period. Calculations for

this printout were made every minute and a printout of data occurs only
when an antenna change occurs. Also, the antenna selected and the
number of position changes is printed. For example, at 50 hours 46
minutes 0 seconds the Tower right antenna is used with the TDRS aﬁ
41°W longitude. Three minutes later the antenna is changed to the

upper right with the same TDRS.



SHUTTLE ATTITUDE AND POINTING TIME LINE

VEHICLE POSITION

LYLH ATTITUDE

—LOOK- ANGLES
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LOOK -ANGLES - --LO0OK ANGLES— -

ECl AFTITUDE TO SUN T0 EARTH T0 TARGET
GET ALY LAT. LON YaW PRITCH RoLL Yaw PITCH RoLlL - YAW PITCH YAw FPITCH TARG vYaw PITCH
1R MN sSECg EVENT N #1 DEG DEG DEG BEG DEG PEG pEG DEG DEG DEG DEf DEG 1D DEG DEG
50 0 o0 TDRS =171 233.4 =505 938 20 weD  =aD 155.3 1bel 3234 B6.4 34504 W0 270+0 3379 3478
- - -SBRANT [5 LOWER LT~ 1-SWITCH- POS CHAMNGES e T serm e mm s 4 bas e e -
50 2 ] TORS =171 236.7 #5344 1050 W0 748 &0.D 15643 1bs]  23.4 BB.1 4H5+3 98,9 330s3 25 33445
SBQRANT 15 LOWER RT 2 SWITCH POS~CHANGES-— — - = - =rr = s =0 o0 v 0 s = e can = .-
S0 s +0 TDRS =171 237,2 =552 12348 «0 1943 150,0 15643 6.1 Ii3.4 274.8 44,5 126.1 548 2548 Y]
SBRANT IS UPPER RT 3 SWITCH POS CHANGES- LT - - -
sp 8 .0 TDRS =171 237.,2 =53.8 14249 ¢0 31e0 24040 15643 tést 203¢4 2747 3i4e7 235.3 2544 35941  25.9
- -~ -~  SBQANT ~{S—UPPER £T— - 4 SWITGH POS-—CHANGES--— —-—r-— == —o-— -~ ———or st i st - s s e s e
50 11 +Q TODRS =71 237.1 =4%«H 1594 ol 4245 33040 156,3 1641 293.4 85.2 315,56 208.,4 320.3 33443 35F.4
SBAANT 1S LOWER LT § SWITCH P05 CHANGES- - == - - A - - - ==
50 15 «0 TDRS =171 235.9 =fi0eH  176s2 ol B840 901 156.3 1&s1 5344 7beb 75,0 148,.0 '0 13¢0 3383
SBAANT 15 LOWER RT & SWITCH POS CHANGES -t -—— - - v - N - s
50 18 »0 TDRS ~171 235,9 =32.3 =173 2 6946 18De1 156,33 1641 143.4 273.6 14,6 180,1 20,4 21s% 10e9
- we —- SEAANT- ]S UPPER-RT- --- -+ -7=SWITCH POS—CHANGES—--— - —— — e — "
50 2zl "0 TDRS, =171 233.8 ~23¢4 =16645 W5 Blez 270+% 15643 1691 233.4 283.4 285.,0 188.8 3577 49,9 214}
- SBRANT IS UPPER LT - - 4 SWITCH PDS CHANGES- - - - - R R - T T ™
50 24 0 TDRS =17} 2344y m19er "|5F«8 17B4é 8792 17845 15643 16e] 323e4 Boed 34544 | TTe® 28 33%e¢2 3624
- e — e ~SBRANT IS.LOWER. LT.n cevwn 9 SWITLH.POS _CHANGES - e - —
S0 27 0 TORS =171 23241 =Heb ~153e7 179.7 756 28947 1563 1bel SB3ek Thet TS5e0 17404 .l boh 34042
SBRANT 15 LOWER RT te SWITCH POS CHANGES - - .- - IR, ..
50 30 0 TORS =171 232.5  Se0 ~147+9 17948 644D 35948 156,3 1bel 193+4 273.6 14ebd 180+ I324eD 1940 47
SBRANT S UPPER RT. - .11 SWITCH POS-CHANGES- - —— it m e s m ow mer e e e e = ——— aamus
50 33 W0 TORS w171 232,31 1445 =18148 179,99 52.4 89,3 156,33 1641 230.4 283.% 285,0 192.4 359.9 354eB 1749
— - - SPOANY. |5 UPPER LT- .- - -12-SHITCH POS_LHANGES e = w - ——
50 34 1] TORS =171 232.7 2347 “{35s)] 1799 4048 179,97 15643 )&y 32304 B6e5 JHG.H 17949 4942 3431 36748
SBRANT [S LOWER LT 13 SWITCH POS CHANGES - . e m e e - ws wm v e et v mmm e e e s - e
50 3¢9 o0 TORS =171 22346 3246 12723 179,97 2942 269.9% 156,23 161 53.4 78,6 750 240.8 ol Led 34443
SBEANT IS LOWER ®T 14 SWITCH POS CHANGES - . . —— re e ma e — e e e emeem e mm
S0 42 0 TDRS =17} 233.2 UDe7 ~11747 1799 1746 359, 156,33  1&el [43e¢4 27345 1446 18042 2874 14944 le2
- - - ~SBAANT—IS UPPER—RT - - 15-SWITCH.POS CHANGES~-- —_— —
50 4% i) TDRS =41 236.4 U47ebh =105e5 179.9 6¢0 89,7 156,43 1bdsl 233.4 283.% 285.0 9640 35%9 198+4 30941
S3QANT S LOWER LT 16 SWITCH POS CHANGES . - . - - . — .. —
50 46 i TORS =41 23644 4946 ~10De7 17949 242 120.0 15643 161 2634 7743 28548  F245 2949 15948 30943
SBRANT IS LOWER RT . 17 SWITCH POS CHANGES = . . e m e —— . - P . Lo cemem
50 49 1] TDRS =4 23447 B39 =BHs  179¢9 350e4 21040 (5643 16| 353e4 86.4 |Bed 28B.4 5Be7 1267  13e0
+ =« -S5BQANT: IS—UPPER RT - - 18 SWIYCH-POS CHANGES— -— —_— e —— ——
S0 %2 0 TORS wh) 237.5 B5.2 =550 17949 339.0 300.0 (5843 Qéey BaeH  282.7 THel 29349 332e2 20)eb 5243
SEQANT 15 UPPER LT 19 SWITCH PO5S CHANGES- - . —_— - - - - - - -
50 55 «0 TORS =) 236,56 5343 ~H&.2 17948 32744 30.0 156.3 1641 173.% 273,66 3446 38.0 313,2 235,23 347.4
SBQANT 15 LOWER LT 20 SWITCH POS CHANGES . .- n- - -
50 &8 on TORS =41 2361 48+5 =30+2 §79+B 31548 120.1 15643 16+ 26344 77+3 2B5.8 Hleb 2191 16943 30544
SBAAMT 15 LOWER RY - =21~SWITCH P05 EHANGES ~— -+ ————-—wmcimmmc vae—— et Ry A
51 1 0 TpRS =41 Zat.p H1eD —1Fe5 17T 30%e2 2lQe2 154.3 141 35344 84+ 1BsH  3IHE.3 291 123.0 10.R
SBAANT 1% UPPER RT 22 SWITCH POS CHAMNGES . - - . - -
51 1] TORS =4} 235,32 33.8 w70b 17F¢% 29246 3003 156,3 Jbek 8244 28247 THe2 24043 348+8 19742 G443 -—
SBQRANT [S UPPER LT 23 SWITCH POS CHANGES . - B .- T
51 7 .0 TDRS =41 235.9 25.1 o4 179.0 28140 30,8 15643  16s1 17344 273.5 34444 57 35048 237.8 352.1 J 1,
SBOANT IS5 LOWER LT 24 SWITCH POS CHANGES-— - O
51 19 o TOHS =4 -231.3 158 7.2 1640 2707 2837 156.3 1be1 263.4 77.4 285.8 359,4 35%.8 16844 302,99 BF
SBGANT 15 LOWER RT 25 SWITCH POS CHAMGES . “ 2
51 13 o0 TDRS =41 230.8 63 1304 o9 2B242 29.) 156.3  16s1 35344 B&45 1544 6ol 34943 12248 447
SBOAMT IS UFPER RT 26 SWITCH POS CHANGES g
Table [FE. ECI Roil of 0.5° per secoid §imilation’ =

004 SI AHVd TVNIDIHO
JHL A0 AIIIaroNaoddad



GET
HRS MN SECS
51 16 0
B1 19 .0
51 22 .0
51 246 0
£1 29 .0
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LOOK_ . ANGLES. LOOK_ANGLES . _ L0OK. ANGLES.. .

VEMICLE POSITION  LVLH ATTITUDE ECI ATTITUDE To SUN T0 EARTH T0 TARGET
ALT LAT LoN YAW PITCH RoLL YAW _ PITCH. .RolLlL . YAw .PITCH _. YAW _PITCH TARG YAW PIYCH _
EVENT N K1 DEG pEG hEG DEG  DEG pEG pEG  DEG DEG DEG DEG DEG& 10 pES  DEG
TORS =41 23041 =343 (%3 "6 29348 119.5 15603 16e1 Baed 282e6 7qe2 21,0 11e8 18547 5643
,SBQANT 1S UPPER LT _ . . 27 SWIXCH BOS_CHANGES _ - — - -
TDRS =41} 230.7 «12,8 2503 +3 10545 2094 15643 16e] 17344 27345 394,56 34046 303 23544 358!
SBQANT 15 LOWER LT ) 28 SWITCH Pa$ CHANGES e e e e e e e e e e e v e em
TDRS =41 231,3 w224} 3le® 03 31741 299.7 156,23 1éet 2634 77.4 28848 3L7.0 338e7 178.7 30640
SEAANT 15 LOWER RT 29 SWITCH POS CHANGES. . we amenm e e er e e = e = e - .
TPRS =41 232,808 33,9 42+3 «2 33245 B9.B 15643 ey 2344 8542 Y4543 59.0 33345 13242 2249
SEQANT LS UPPER.RT ... .._.30 SWITCH A0S CHANGES . o o e _ —
TDRS =4 233,72 =419 5243 «2 344,72 149,9 156,3 161 138 2798 44 45 60,6 5643 21042 Hl1le9
SBQANT IS5 UPPER LT 3] SWITCH POS CHANGES - . - oo — o e e e 4 amt e e o ——— aum
7 —
[-ThEY
[T=T N
M\
=2
EZ
o2
[ ]
na
o
¢
(=)
Table ITI. ({Continued)_ =



HRS
50
5¢
50

&g

50
50
50
50

Sn

50
50
51

51

51
S1

D
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SHUTTLE ATTITUDE AND POINTJNG TIME LINE
LO0OK ANGLES LOOK ANGLES
VEBICLE POSITION LYLH A¥TETUDE ECI ATTiTupk Yo sUn TO EARTH
GET ALT LAT LON ¥aw PITCA  ROLL Ya¥ FITCH ROLL YaWw PiTCH YaW PETCH
HN SECS EVENT N ¥l pEG nEG oeEG DEG DEG pEG  DEG nEG DEG pEG DEG  pEG
D 0 TDRS =171 23346 =503.5 5leg ] -0 —aD 156,33 lé.1 323,84 gb,4 345,4 W0 2700
SRQANT TS LOWER LT 1 SHITCH PDS CHANGES
) 3 TRRES =171 « 237+2 =BG 1363 18Q+0 336+0 18pen 33643 3H?o9 216+ Fash (4 g bbeB
SgOANT IS UPPER LT 2 SHITCH POS CcHANGES -
12 ) FORS =171 23740 =a47e4 | bHe) o UGl v0 154e3 1641 32344 8544 2458  8geg 316
SARANE 15 LOWER LT 3 SWITCH POS CHANGES
18 2 TDRS =171 23547 =32+3 =17403 18047 2904 179+7 3343 343.9 21644 93,6 (Heb ¢ 204
SRRANT 15 UPPER LT 4 SWITCH P0OS CHANGES
24 D] TORS =171 234,01 <{Hal =159¢8 178+% B7+2 175.5 154.3 1641 323.4 gb,4 345.4 {79.9 2sg
SREANT 15 LOWER LT 5 SHITCH POS CHANGES
ao o TORS =171 23245 Bag =147e9 359.8 2%6.p o2 3363 U449 218404 Faeb 1904 «] 334+
SRQANT 15 UPPER LT 6 SVITCH POS CHANGES
a4 +3 JORS =17! 123247 937 =1359]  179:9  40+8 17949 15403 1bep 32304 BbeE 345084  (TFeT  U4TFe2
SBQANT IS LOWER LT 7 SWITCH POS CHANGES
42 o TRRS =171 23342 q0e7 =177 359,9 3424 w1 336+3 3439 21éeé T35 (Heb +2 28744
SHEOANT 15 UPPER LT 8 SWITCH POS CHANGES
4s (31} TORS =4} « 23604 47+6 m{05+5 o BGep 5 22547 3095 29549 754 3+ (7949 35Hp
SAOANT 15 LOWER RT 9 SWITCH POS CHWANGES v
49 o THRS =41 “234642 5349 =BYel  179,9 32046 lpp.D  133.8  3g.s I1249 g, 4 45,7 ,0 Bp.b
SBAANT 15 UPPER RT 10 SWITCH POS (¢HANGES
&5 +) TDORS =41 23646 G343 =H6vZ 357,83 6244 359.9 3133 32142 22702 Bheb 443 18pep 33298
SpOANT 15 LOVER RTY 1! SYITCH POS ¢HANGES
1 +g TORS ~44 235,80  yi.8 =175 178.4 274.2 18)+4 | 3348 3BeB 23208 94,4 3457 3599 42
SpAANT 15 UPPER RT 12 SWITCH POS CHANGES
7 o TORS =41 235,77 251 o4 180a3 Tien 1805 3138 3212 22742 BSs4 14¢3 1802 190
SERANT 1S5 LOWER RT 13 sHITCH POS CHANGES
14 ! TDRS =41 230.2 3.8 15.3 L0 346,11 355,.8 56,3 53,5 289,22 101,00 349.,8 0359,2 28349
S9@ANT IS UPPER RY 14 SWITCH PDS CHANGES
20 0 TORS =41 23,7 =159 27¢4  1RD.0 3507 18ne2 27543 30be2 255.8 790 10#2 35847 8pe7
SAGANT 1S5 LOWER RT 15 $41TCH POS CHANGES
26 *2 TDRS 41 2328 =33.9 423 20 12+5 359.8 9543 538 2842 (OLen 3498  18pel 3025
SARANT IS UPPER RT ts SWITCH POS CHANGES

Table 1¥. ECI pitch of .5° per second simulation
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00x ANGLES
70 TARGET
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DES nEG

A27.9 33,

2024 133
313Ted adTe2
201+9  tpe?
33qg.2 352,
1990 447
34391 357+8
19426 2
7596 323+2
12743 70
63¢7 35444
12401 3D
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43¢2 34243
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I —— — e JSHUTTLE _ATTLIUDE. AND POINTING, TLHE LIuE — e e .
e e e R, — e _ . . LOOK AMGLES _LOUK ANGLES LOOK ANGLES
VEHICLE POSETION LYLH ATYLTUDE £ECI ATTLITUDL TO SUN TU EARTH T0 TARGET
e _GET el . _ _ALT _ LAt LON YAW _PITCH KuLL  Yp¥W PITCH ,ROLL  vawW FITCH  Yaw PITCH TARG YAW PITCH
HRg HN SECe LVEN N Ml pEG DEG DL G DFG ULG DEG VEG VLG DEG DEG VEG DEG io LUEG DEG
50 0 *0 TpRs ~171 233,56 ~53.5 3.8 +{l =0 “s0  194+3  Lbe} 32344 Bé&r Y4 4 34504 v0 27040 J37e9 34705
...... — e - SBEANT 1S LOWER LT ) _SW|TcH PpS_CHANGES | L —— .- .. . .
g ¢ L] ToRs =171 23742 =551 J3av3  |80+0 33648 e 3603 3439 dbebs 2664 3454 J00ep 27302 15704 34407
e mian we ea BUAANT 1S LOWER RY ... L2 SHITCH POS, LHANGES, . , , . . . - .
50 12 4] ToHs =171 23740 =474 Jhusy ol d4be4 0 15493 Jbe} 32304 Bhed 24544 1Bpeg 31644 33744 3472
SBUANT 1S LOWER LT 3 SWlTcH PSS CHANGES. i . e e e .
5p 19 L] TR =17 23547 =324 ~1 4e3y  1BU2Z 299-4 359-9 RETAK 3q3.9 36-6 266+4 J4S 4 35749 339-5 19680} 349-1
—_— sbaau'*'-l-é-rr.l-:*gy-e&-m"—"-r“.'a gtag.ggggm_ﬁQL,ui&ﬂuﬁh:__ RTINSy PR SN 44y W e —m—— el e L omem e mcam et R baiede e T .
5p 24 0 TDRS =171 224e) =14y w|59eg 17Bsb BTe2 LT7Be5 15403 jhe)] 3234y Baed 3484 17949 248 339e¢2 3524
SREANT 15 LOWe KR 1Y — b SWLIcH.RPOS _CHANGES .. ... - - e e [ R . e e e e
S0 30 =0 TORSs =171 2325 Ball =147¢9 35T+ 29440 1802 3243 343+% Ined  2hbek 345 H 359.9 2640 1610 3553
P — e SBUANT LS L R Ry 4 SELTCH p0S. CHANGES. .- . - [ .. I
Sa 36 34} Tprs =171 23247 23,7 =13ge)  17%4F  4peB 17949 154%3  jhe] 3I25ed 35.5 345.4 179.9 492 343.1 357.3
HpGadT 195 LOWER | T 2 SHiYCH . PO5 LHANLES e e o e - e e e e e
Sg H2 LR} TDRS =171 233¢2 40T =177 35YeT 34244 180 33ged 340ev  Jbed 264605 345.9  30P48 T2.4 ;65-q 358+8
e v vr—em— — SRWANT 1S5 LUwEB_HKY_ . -8--5¢ITCcH RGeS CHANGES . \ .- .
Sn 45 L] T0RS =4} 236+ 4746 ~lOgets 24949 RN -T YY) 779 32841 3402 (7695 3NG4 2695 By 276 343e5
i e ae ABYANT IS LOWEHR.LLT. o . .. w..5KITCH POS CHANGES . . . - . - - ..
g a7 "W rpoRs =41 2368 B3 ~95es 20%¢T 35806 1791 132¢6 357.4 320eb 11e-5 IS4 31.3 E88.2 1670 34847
— s HE p—"1 [T'CT'_:{“‘.P_J?”‘GH‘AN"C’Es“""“““‘“""'""'_““ I TR IR TS TITIITIS I L I I U e e R R T e i e R T R TR TR, WS T
50 53 «0 Tons -4} 23742 BHY47 =bges 32.3 2zl 19340 31208 2eh %44 29445 Jqs. 2l0. 454} 3352 34ged
— 58QaNT IS LONER LY L SWLLEH POS CHANGES . . .. - - . - - - e .
sg 59 -G TpRS =91 73847 4645 =2ges 2206 3)19.8 |5|-u 13206 3074 32006 (145 345,56 299 49 15398 3IHpey
e 3B8ANY 15 LOXER RY 12 SW#ITCH pPo5_CHANGWES | . e
5, & 0 TpRS =41 23be4 310 “yeg 6047 BGe2 2357 31240 246 2704 29505 345,55 20948 1847 33345 34304
SEWANT IS5 LOWER LT 13 SulTcH posS CHanwES. R e e e e e e
51 11 ‘0 TORS =41 2310 1247 Fe3 2777 3001 81.0 1328 457.4 3zu.ﬁ 116.5 34545 2948 3555 1545 34Q+5
v e e o 2BWANT ]S LOWER KT A4 SWETcH pPoS CHANGES . . R . —
5y 17 0 Tory =41 2I0e2Z  ~6 ¥ Z1e3 17940 50.2 316s6 3l2es 246 3944 29645 455 20%.8 33243 33619 3384}
v e = SBAAHT TS LG E R LT s i L _SH TCH- PS5 CHANGES - - - - —— - - - - . .
51 23 0 ToRs =Hj 23507 =251 Bye3 3236 32648 2149 132-6 357 q 320-6 116-5 34545 2947 30%4) 1603 33448
- a mee e REMANT LRSS LONER RY. 1 SW11cH RPOS.CHANGES .
51 2% 0 YRS =1y 23322 =t14Y¥ baed 1942 13-4 J5z.0 2w 2e6  3Fe4 295.5 3455 207,58 285.8 3443 33609
e o SHUAUT 1S LONER LT e b 7S A LLCH _ROS L HANGES e v m et o e e —mmmar mwA———— e o= e e e oem e e
&
Table V. ECI Yaw of 0.5° per second simulation ‘3
R L . . o
(%)

100-£0208-Nd-2" |



SHUTTLE ATTITUDE AND POINTING TIHE LINE

- mmwmme — - e mem s ey H IR POSETRON =~ (VLA ATTETUDE - - - ECI-ATTPFTUDE™ - TO-SUN- --——TO-EARTH -- - - T0 TARGET — -
GET ALT LAT LON YAW PITCH RoLL YA% PIiTCH RoOLL  YAw PITCH YAW PITCH TARG YAW PITCH
HRS MN SECS EVENT N~y DEG- pFG NEG- DEG DEG DEG- pEG DEG pEG - -DEG DEG DES Ib  pEG DEG-
50 0O +C TORS =17t 23334 =50.5 93s8 18040 34645 ~75.0 32743 33342 1149 o8 27040~ Thet 345e4 QU489 -1 Hed
SBRANT 15 UPPER RT 1 SWITCH POS CHANGES
T B Y e g TR S T P 2 E T SR 3 o M e T I B0E 0 33 TIE S0 32798 A33VE 20449 C 90% 07360 0 =289 GMwl <—— =196 ck— I0eT -
SBQRANT IS UPPER LT 2 SWITCH POS CHANGES
S0 & .0 TORS ~171"" - 237,2°«55,1 13043 180,0 323,3-255,0° 327,3 33342 29459 34,7 90,0 307.,4 120 21241 34548
SBRANT |5 LOWER LT 3 SWIYTCH P0OS CHANWGES
- -850 9 -0 CTDRS =17 - 237.2 ~52.6  {UB.B 180e1 311e7 345.0 3273733342 24949 270:0 0 347,0-320.40 16343 3290
SBOANT 1S LOWER RT 4 SWITCH FOS CHANGES
Str—t-2 U ToRS=1-71 iy el i sl -2 i St 1 A 14T I 3 N 1 s 3t s v 't S e - B i v a1} ra e aub e b s ¥ 2 B e I
SBQANT IS5 UPPER RT § SWITCH PoS CHANGES
50 15 ap TORS wi?1 - 235,90  «=40+4 17642 LAQG2 2885 16439 32743 33342 204¢9 90036030 5%0 I7v8 T 196e7 2947
SBQANT |5 UPPER LT & SWITCH POS CHANGES
50 18 - STORS =171 - - 23859 =32.3°=174:+3 180.5 274647 258.5° 327.3-33342°29%:9° 2%.1° 90.0 35343 1eB 20745 345+4
SBQANT 1S LOWER LT ? SWITCH POS CHAMGES
T B R ORS 23 TR 2T A A AT R s, 3 T T Te S 32 SN 2N T 27D 0TS e g 2 — WS —m = 1626 334 0— -
SBQANT IS5 LOWER RT a4 SYWITCH Po% CHANGES :
TTTEQTZY tep TORS 21707 """ 23Wu {"R 141" =15978 " 35948 2863 255.3 32743 3332 11449 “318:9727800 34452 T He] - 1538 "1434
SBRANT 15 UPPER RT ¢ SWITCH POS CHARGES
T EDTRE T AT T TThRE R 23T TS R BRI Y T IS YRR .0 3T T T e i I AT TN RS 0T A0 TR 3TIVET — ¢ C[¥0h B FEvs—
SBQANT IS UPPER LT 16 SWITCH FOS CHANGES
50 29 o0 TRRS ~1717" 232,12 1.8 =149,8 359,9 3a5,6 45,2° 327,3 333,2 264,.9 90.0 40.0 26,9 338.4 20b6.8 35941
SBQANT IS5 LOWER LT 11 SWITCH POS CHANGES
'50 32 0 TORS =-17] 23Z2.1 113 =143+8 "359.9 31742 135,01 327.3 333:2 354.9 270.0 30.0 3743 1.3 17847 33540
SBUANT IS LOWER RT . 12 SWITCH P0S CHANGES . .
T - - T TORS =T7T ™ 232.8 207 =370 3899 32800 325, 3272 3 "380e 2 alve "2 f0s 0 U0 IImse I T TTEETET T TR ETT
SEYANT 15 UPPER RT 13 SYWITCH POS CHANGES
B -Ts B V: Y | TORS L7177 23307 297 =130.0 35949 34044 M15,17 32703 33302717409 TU90.0 330.0 " 296,87 318l — T [FiG1 22.0°
SBAANT IS UPPER LT 14 SWITCH POS CHANGES
S0 4t +3 TORS =171 233.3 38.] =P21e) 35929 352.0 4GS, 0 32743 333.2 264,97 0.0 6040 78.8 31545 200+9 35945
SBUANT IS LOWER LT 15 SWITCH POS CHANGES
- 50 45 «D THRS =17 LR e L A - S A A N Y - P B YT - XV L P Y A Y B S 08 - A - - mmialiaatins 11 - s -t -y -3
SBAANT [S UPPER LY 16 SWITCH POS CHANGES .
- 507 44 o0 TORS =417 7 234,48 4%:6 =100+7 3IEPLT 113 198,01 32743 3332 H54,9 27De0 3300 23204 TieZ Tt 310e2 345.3
SBAANT 15 LOWER LT 17 SWITCH POS CHANGES N o
50 49 - .q- THRS ~4) 236.2°"534% w84ay 389.% 2219 285.5 232743 33302 [4449 - 89.9-30000 246e4 3462 - TZ248730te6 "
SBQANT 1S LOWER RT 18 SWITCH PDS CHANGES
11 -1 ST CTTORS T ST ZITTE =38~ =65y X GTB T AR5 THLU TIPS CIDNCLTIINSY T 9040 T38FUT CrETEE 30TV T S TVETUIETVE ™
5BQANT {S UPPER RT £ SWITCH POS CHANGES
5D 55 +0 TORS =41 -~ = 23834~ 53337 =462 359%8 4641 105,00 327,3 33342 324,9 270.1 400 137.1 1043 33445 4942
SBRANT 1S UPPER LT 2n SWITCH POS CHANGES .
L0 58 g ¢ TDRS w4y - 236%1 UB4B 3Nz 369%T G577 194.9 32743 33342 5449 27030 33040 18942~ 3lel - “307.7 34245
SB@ANT [S LOWER LT ?1 SWITCH POS CHANGES
S1=="r (X TORS™<HT 2IETOTTHTVE RTINS T3 L 4T TGS TRYWIT TUIZY 33T I I AN CEETYTIORSOCRUOTE AR T T TRV TR T
SBQANT 1S LOWER RT , 22 SWITCH POS CHANGES
51 4 D TORS =%1 - 2315,3 33.8 =7eh* 389.0 B80.9 14.2 327.3 33362 234.9 90.0 “30.0 177.8 3512 - - Sl.9 2002
SBUANT IS UPPEF RT 23 SWITCH £05 CHANGES g
51 7 ] TDRE =41 235.2 25.1 »4 18346 8745 288.,7 3I27.3 333.2 I324.9 270.1 6D.0 182,3 359.2 327.8 4644 B,
SBRANT [$§ UPPER LT 29 SWITCH POS CHANGES , ° 4
Trmrm 81 40 smmgeer s TORS-=4) —o2aTTI— 158~ T2 1806 6.9 1576 —327,3 333v2- 5449 “270.0- 330071764 F 344 - - 30a0-23Fe2- RTF
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Fa7 "p44sb  §T7e% 58sz 35948 5ue3  be)
43 9%W[TCH POS CHANGES
JZe? =1HZe8 | TFeT 54e3 11708 15503 1560}
44 SWITCH POS CHANGES
1H98 =14%08 179e? S52s4 1798 15543  lésl
45 SWETCH POS CHANGES
L1746 ~i3Fes 179« HB«5 2999 1Lsed jav}
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1Fe =138eS  JT7Fe? Hbeb ISPe9  [Sbe] [Y-LR}
47 SWIICH POS CHANGES
22¢2 =13be2 7999 4247 11997 1543 b
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2307 L35« L79¢9 45eB 17999  |S5e3  lére}
49 SWITLH POS CHANGES
Table XI1I. (Continued)
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EVENT

TORs =i/1
SHUART [5 LONER
TURS =17}
SgdaAnNT [5 UPPER
TORg =171
SBWANY IS UPPER
TORS =17}
SgwaNT 15 LOWER
TORS =171
S8WANT 15 LOwER
TORS =171
S5edaANT 1S UPPER
TORS =171
SHUANT 15 UPPER
TLRS =171
SBRANT IS LUWER
TORS =171
SBUANT [5 LOwWER
TORS =171
SHWANT [5 UPHER
TORS =171
SpualT (5 UPPER
TORs =%1
SAWANT I35 LOWER
TORS =41
SHWANT IS UPPER
TORS =91
SHWANT 15 UPPLR
TuRS =41
SewanNT IS5 LOWER
TORS =41
SEWANT I5 LOWER
ToRS =91
SHWANT i5 UPPER

VEHICLE POS1TiOn

ALT
N i

2328
RT
233+ b
RT
2347
LT
2334
LT
23445
RY
23304
KT
23343
[N
23392
LT

SHUTTLE ATTITUDE AND POLNTING TIME LINE

LAT Lo YAW PITCH
DG LEG DEG DEG
2ae] =132e5 1794%  34+9

5G SWIICH POS (HANGES
2807 =133 [ T7TYe9  35eg
51 S%1TLH POS CHANGES
3pe) "L 47907 3y
52 SWITCH POS CHANGES
3deb =127e3 77¢% 2%9e2
54 SHITCH POS CHANGES
35+4 ~1249e3 17709 2544
54 SWITCH POS CHANGES
Joe? *122e8  §707 23e4
55 SWITLH POS CHANGES
3964 =11995 17949 1%eb
S0 SWITCH POS CHANGES
HEe? =L177  §7%:9 1746
57 SWITCH POS CHANGES
GIez “Lidel; 797 13.8
58 SWITCH POS CHANGES
4¢3 =L1Ley 179+F (o8
29 SAITCH POS% CHANGES
Yhes "lulall 17909 Baey
Gy SWIICH POS CHANGES
4706 =1u5+h  }7R9 beg
&) S61TCH PO0S CHANGES
Hded “Qyudez 17949 LIT!
b SWITCH POS CHANGES
4908 TYLGes 17509 22
&3 SWITCH POS CHANGES
Liesa =Phed 79+ 15Be3
54 SHITCH POS CHANGES
GZ2eg =¥2e8 177¢7 356y
65 SWiTLH POS CHANGES
53e3 =B74)] 7949 35245
&6 SWIICH POS CHANGES

Table XITI.

LYLH ATTITUpE

ECE ATTITUDE

KOLL Yuh
bed bEG
29949 1542
35%e9 15443
11%+9  Sse]
i77¢9  550e3
£9F99  5ael
35949 1Gaea
1§99 {543
17949 1543
299+9  |56¢3
35949  j5ss3
1i?+% 156+3
17749 35003
23949 5643
300y 15643
e 15603
f2Geg 15643
249G 15003
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67 SV1TCH POS CHANGCS
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58 SWITCH POS CHANGES
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7H SWITLH POS CHANGES
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4905 w3246 (T8 31747
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48e35 =3uez  179+8 31548
79 SHITCH POS CHANGES
H4aE  ~gBab | TFe7 3y} 9
8L SWETCHh POS5 CHANGES
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bl SWIITCH POS CHANGES

Table XIII.

LYLH ATTITVDE

ECl ATTITVRE

ROLL  Yuh
e pLG
3ga*g 156e3
Guey 1563
12Gr0 1%o6»3
24%geg 15643
300%G (506l
bGrg 15603
1200 1563
FL I - T- TR
350°0 1563
b0y ;5605
1209 1563
24009)  jhod
3pGet 15643
Giv)]  jbael
120+ 15603

{Continued)
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Table IV shows an ECI pitch of 0.5° per second over a one orbit
period. In this-case only 16 switch changes occur. The ECI yaw

and rol1 angles appear to vary during this simulation. The yaw-pitch-
roll sequence results in apparent changes in the yaw and roll angles;
yet, when taken in that sequence the resuTting attitude maneuver is
an ECI pitch of 0.5° per second. Similar results are obtained in
Table V with 17 switch position changes for an ECI yaw of 0.5° per second.
TabTe VI shows 32 position changes for thermal conditioning with the
X-axis of the orbiter perpendicular to the Orbiter-sun Tine and a
barbeque rate of 0.5° per second. Tables VIII - IX show 2-4

switch changes for star tracking over a 60 minute period. Target 522
is designated as M82, target 522 is designated as M42 (Oeion) and
target 530 is designated as W51 (W3). The ECI inertial hold of

Table X resulted in 2 switch position changes and the heads down LVLH
earth pointing results in 3 changes in Table XI. The LVLH simulation
of Table XII resulted in 6 position changes for at 100 minutes period.
And finally in Table XIII the worst case orbital angular roll rate

of 2° per second in seen to result in 81 changes for a 60 minute
period. A summary is given in Table XIV to show switch changes which
were encountered for each activity simu?ated. Also included in
Tables XIV are the required switch update periods which correspond

to a 5° worst case overlap condition in which the Orbiter could
maneuver 5° out of the Timits of its preferred pattern into the

optimum region of an adjacent antenna. It is noted that the actual
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PARAMETER | ANGULAR RATE ATTITUDE NVERAGE AVERAGE REQUIRED
CONSTRAINTS |TIME CHANGES UPDATE
BETWEEN PFR HOUR | PERIOD*
CHANGES
DRBITER
EETIVITY .

INERTIAL 0 ECI 15-45 2.65 50-150
HOLD fixed min. sec
LYLH 0 8= 0° 16.7 mins§ 3.6 66 sec

y= Q° .

0= 0°
STAR 0 ECI 15-30 2.67 F50-100
TRACKING . fixed min. sec.
EARTH 0 LVLH 30 2 L 100
POINTING HEADS min. sec.

DOWN
ROLL 0.5° per ECI 2.9 20.7 L 9,7 sec.
MANEUVER sec g= const. min,

Y= const.
ROLL 2° per ECI 44.44 | 81 2.47 sec,
MANEUVER sec 8= const. sec.

Y= const.
YAW 0.5° per ECI 5.3 min, § 11.3 17.6 sec.
MANEUVER sec 8= const.

0= const.
PITCH 0.5° per ECI 5.6 min.§{ 10.7 18.75 sec.
MANEUVER sec ¥= const.

0= const.
THERMAL 0.5° per X-axis 2.8 min. | 21.4 9.4 sec.
CONDX sec to

suniine
** |ANDING]  5° per N/A 10 sec.*| N/A 1 sec.*

sec bank
*% | AUNCH 9° per N/A 15-22.5 { N/A .b5 sec.*
sec roll sec.¥®

*5° QVERLAP
** ANALYTICAL RESULT-WORST CASE

TABLE XIV. SUMMARY OF S-BAND QUAD ANTENNA SWITCHING REQUIREMENTS




1.2-DN-B0203-001
Page 39

update period used will Timit the amount of switch "chatter" which
could occur i7 the Yook angle happens to oscillate between two
optimum regions, so in effect it controis the deadband of the control

system,
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VI. CONCLUSIONS

Mission 2 activities are discussed in Section III with each orbital
activity categorized and expressed as a percent of the total mission
time excluding Taunch and Tanding. The percentages in Table I do not
account for 100% of the mission as the remaining 2.5 to 6 percent is
not defined at this time. To assess the total number of switch

position changes for a mission the formula below is used.

H
Ne= N * Z NPT
! (1)

Where T is the total mission time in hours excluding launch and
landing which is 161 hours 20 minutes and 3 SEC°Q§§;
N, is the number of switch position changes per hour for a
pariicular activity (a = 1 to N)
Pa is the probability (percent total time x 100) for a
particular activity (a = 1 to N)
Ne is an estimate of switch position changes during launch,
landing and times not accounted for.
The estimate Ne is based on 4 switch changes per hour during
unaccounted for times and 34 changes during taunch and landing the
estimate for the number of switch position changes Ne is 50 for
Option 1, 74 for Option 2 and 60 for Option 3. A 1isting of the

total switch changes for Mission 2, Options 1, 2 and 3 is given

in Table XV using Equation (1). The average number of switch
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TOTAL AVERAGE TIME MIN. 1IN AVE

!NUMBER OF BETWEEN CHANGES ORBIT UPDATE UPDATE

: SWITCH PERIOD* PERIOD*

t CHANGES
OPTION 1 1466 6.8 min 2.4 sec** 22.6 sec
OPTION 2 1247 7.97 min 2.4 sec** 26.6 sec
OPTION 3 1221 8.13 min 2.4 sec*®¥ 27.1 sec

kS IR

*5° QVERLAP

** BASED ON 2° PER SECOND ANGULAR RATE IN ORBIT

TABLE XV.

TOTAL SWITCH CHANGES FOR MISSION 2
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position changes for Mission 2 is seen to be approximately 1300.
Also, the average time between changes and the minimum update

period is given.

An examination of the data in Section V shows that the maximum
orbital angular roll rate of 2° per second will require an update
period of approximately 2.4 seconds without exceeding the 5°

overlap 1imit. For the worst case conditions of launch and Tlanding
the required update period is reduced to 0.55 seconds and 1 second
respectively. With an update of 2.4 seconds the associated Orbiter
computer will be required to make a line-of-sight Took angle
calculation, a TDRS selection and an antenna selection

approximately 248,000 times during Mission 2. For an update

period of 1 second (worst case landing) 596,000 computer calculations
would be required and for a 0.55 second update period (ﬁa;ét case launch)
1,083,000 calculations would be required. Since launch and

landing are rather precisely defined, it is probably unreasonable

to specify an update based on the worst case conditions of launch

and landing. The use of a preprogrammed switching sequence or ground

commands for antenna control are recommended for this period.

Another factor to be considered is that a 2° per second roll accounts
for only a very small part of the misgion and the required update
period Huring the great majority of the activities is in the range
of 30-50 seconds. Thus, the possibility of a variable update period

should be considered. The shorter update period of 2.4 seconds could
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be used when angular rates exceed a certain value. The variable
update period would require the additional Orbiter computer input

of angular rate.

After the development and use of an extensive computer program

tool to simulate automatic switching of the S-Band Quad Antennas,

the following conclusions may be reached. A 2.4 second update

period should be used for S-Band Quad Antenna switching assuming

a fixed update rate. If a variable update period is found to be‘
practical, then the update period wouid be approximately 40 seconds
during most activities with a change to 2.4 seconds during activities

involving larger angular rates.

Future efforts involving the S-Band Quad Antennas should logically
involve a more detaiied study of the associated Orbiter computer
interfaces and the further analysis for simulation of Missions

1, 3A and 3B along with a feasibility study for implementing a

variable updated period.
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APPENDIX I
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FOR,6  SAPT,SAPT DATE 181274 PaGE

COMMON/ANGLFS/ TAWTAR,PTCTAR, sannm7¢2),ucoumr
COMMON /ALONG/ SCLONsVARR2,WRTFLG
,... PROGRAM SAPY wyas .

THE SHUTTLE ATT;TUDE AND POINTING TIHELINE PROCESSnR {5aPT} te THE
BASTC ATTITUDE_AND POINTING T!MEL!NE GFNERATION PnoGRAM FOR _
SHUTTLE « SAPT CAN GENERATE ATTITUng AND POINTING TIMELINE TARLES
FOR DOCUMENTATION AND AY THE SAME_TIME ALSn GENERATE ATTITUDF
TAPES FOR SURSYSTEM EVALUATIONS, THE BaSIC_INPUT 15 IN THE FORM
OF ATTITUDF_ANR POINTING DESCRIPTOR CARDS nFFlNlNG THE NAME oF
THE EVENT, THE EVENT TIME, AND DESCRIPTORS DEFINING THE ATTITUDE
AND POINTING REQUIREMENTS FOR THE EVENT. Twg PROGRAM REGUIREn
A TRAJECTORY T)PE MOUNTED ON UNIT Fo AN EPHEMERIS TAPE MOUNTFR ON
UNIT K, AND & pcr TAPE INCLUDING SaAPT, IF AN ATTITUDE TAPE Is aALSO
To BE GENEPATEn- A SAVE _TaPE MUST pE MOUNTFD ON THE TAPE UNIT
DEF {NED BY rTA?E. THE FIRST INPUT._ CARD AFTFR THE xeT CARD MUqT RE
A BASE CARD GlyInG THE RASE DATE 7o MEASURE GeE.T. FROM AND THE
TAPE UNIT aAwD PRINT INTERVAL 1F A ATTITUDE TAPE Is TO BE GENERATED
THERE 15 aLS0 4N INPUT FLAG WHICH DEFINFS 3 TAPE UNIT TO WRITE A
PESCRIPTOR TIMELINE. AFTER THE BASE CARD, THE ATTITUDE ANp PRINT=
ING DESCRIPTOR CARDS FOLLOW, THERF MAY BgE vp TO 4 caRDS REQUIRED
TO pEFINE EACH FVENTs THE FIRST ¢carRp 1IN EACH EVENT SET 15 THp
EVENT NAME CARpe UP TO 4 LINES or EVENT DESCRIPTInNN CAN Bg DEFINED
WITH 18 CHAPACTERS TO EACH LINE, THE NEXT caRD 15 THE ATTITUDE
REQUIREMENTS CaRD GIVING THE EVENT TIME aNp ATTxTugE ONLY REnUIR=
MENTS. IF THERg, ARE NO POINTING REQUIREMENTSs THIS IS THE LAGT
CARD OF THE SET, 1F THERE ARE POINTING REGUIREMENTS, 1 OR 2 MORE
CARDS ARE RrQUrREn DEPENDING ON Tug NUMBER,  OF POINTING REQYIgGE=
MENTSe EVENT sprs SHOULn BE STACKED IN CHRONOLOGIFAL ORDER. THE
LAST CARD OF Tw€ DECK 1S LABELED +FND CARD+ STARTING IN Cc 1°

THE INPUT PARAMETER DEFINITIONS FOR THE BaSF CARD aRE GIVEN RELOW.

THE INPUT DFFINITIONS FOR THE EVENT SETS ARF GIVEw IN SUBROUYINE

SAPT PROGRAM

«NEW
e NEW

1004 § @HVd TVNIDIEO
FHL J0 ALITErNqoddid

9y abeg
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36
A7
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43ie
4y 4
4o »
Ype
A7 e
Yge
49e
50
Ste
52
53
S5da
55
G4e
G7a
Ede
59
60e
61w
b2w
[ Y]
bye
b5
bba
67w
3:0]
49w
7ns
Tie
T2e
73e
Tde
7R+
Toe
17
The
7%
ane
glw
87e
83
A4
85
B4w
287
R
89

coi
cn2
co2
co?
coz
co2
cpz
cnpe
cD2
coz
co2
cpz
cp2
cb2
co2

cpa
L
coz
cp2
o2
cb2
co2
cb2

FOR'G  GAPTISAPT DATE 1R1274 PAGE

*CARDIN®
BASE CARD DEFINVTIONS =~
NBASYR N BASMT.NBASDV.NBASHR NBASHN, aASSEC
= BaASE G M,T, THaT GL,E,T, t5 MEASURED FROM (NOMINALLY THE
LAUNcP GOHIT'
ITAPE = UNIT pN WHICH THE COMMON FORMAT ATT:TUDE TAFE 15 TO RE
WRETTEN, IF ZERD, NO TAPE_15 REDUJIRED, .
GHTINT — Timf JNCREMENT BETWEEN PR[NT PQINTS DESInsn FOR THE
CouMOn FORMAT TAPE,. (MINUTES!? .
IUREAD = UNTT nN WHTCH THE INPUT ATTITUDE nFSCRlPTOR FILE WliL BE
MONNTEDS LF ZERO, aLL IHBUT WILL R MANUAL » . -
IUWRT = UNIT nN WHICH THE REVISED ATTITUDE DESCRIPTDR FILE 15 To
BE WR]TTEN. IF ZEROQ, ND TAPE IS te 8E WRITYEN,
IHRST JMINST,SEFST
- GET Tp STARY ATTITUDE TIMELINE iF 4 PESCRIPTOR FILE_HAS
BEFN.PROVIDED, IF NOT INPUT, THE START OF .THE DEScRIPTOR
FllE. orR THE FIRST MANUAL TNPUT, WHICHEVER 15 EARLIFR,
WllL nE USED.
THRENND, MINEun.cECENo
- GET Tn EnD ATT{TUOE T[MELlnE IF A nESCRIvTOR FILE a;s
BEEN pROVIDED, 1F NOT INPUT, THE END OF THE DESCRIPTOR
FI1Es _OR THE LAST MANUaL INPUT, WuicHEVER 15 LATER,
wWIiLL RE USEDs

INTEGER AITSYS,ALIGN  _

RE AL IANGI.1ANr2-:AMGlz.!AN622 .

DOUBLE PRECISInN BASEJD,BASTIM,TGFT, LGHT cnrp

DOUBLE PRECESInN GMTNKT.TSMCAL TNF!T.T!HTAE

DOUBLE PRECISIAN XIMUDP, V:MUDP ZIMUDP yRKMDP {3} ,VEMDP(3) ,0V (33
DOUBLE PRECISInNN GET

DOUBLE PRECISIgN RSUNDP(3)

REAL LIFTKG,1SpSEC

REAL KX.KY.K?.MUZ;M!NT!M

DIMENSION ounMaTt15:.Rf31.v131.gsuu¢3!.vsuugal.Rngontn:.vnQOMiSI
DIMENSION TARGRT{3),TDVFC{31,ATTLV{3,3),ATTI(3,3) . SUNVEC(3y,
. FB(3’uCOEUECl1l'ATTECl£313)

DIMENSTION an(:l.yKHIJI.RKMulsi Rsuuu(a}

DIMENSION ATTSpt3.3)

DIMENS]ON seAthlul.RSUNKﬂiai

COMMON/BASDT/ aASEJN,BASTIH NBASYR,NBASHT ,NRASDY ,MBASHR NBASHN,
* BASSEC s [

COMMONZATPCAM/ GHTP  ATTRI,M)

COMMON/JERRCMZ TERR.

COMMON / VEWLB / xx.KY.KZ.NUZ.aeTA.RASUN DFCSUN,REMOON . DECHON
COMMON/SHMCALL/ TSMCAL 4RSUN,YSUN,RHOON YHOON,
coHMQN/CARDq([uR.MN SECS-nTTSYs,tMUNUM.[VMG.@NGlogNGZ.Ansa.
* 1HOLD, xRArr,VnATF.zRATE.:PTFLG A|xGN-INST;n.IANG1.1AN67.
* ]TYPEI,IDEFi.uAR!.VARZ VARI,ITARGE, VARM,IDINZ,[ANGLZ, 1ANG22"
. ITYPEZ-IDFF?.yﬂRlZ.VAR7Z-VAR12|!TARGZoVARﬂ?

COMMONTYCHN ) tTARG,ALPHAT ,BETAT JVEC(D), ALPHAC ,BFTAC, AT,

. TLDN-TLAT.ITYFE-IDEF

COHMON/EVNCOM/NEVENT (121 sNANT AR

CONHON s REYST / REV

REV = REVY MUMAgR OF VEHWICLE FROM sSTART 0OF MISSTON

COKHON /TRYCNV /A.E.DINCoARGPER.AGCNOD.AM.nMEAN.TwueAN.Panon
DATA RTD/ST, 29:7795/.5EcPHR135nn.n/

OATA DUMMAT / 15 # 000 FeMINTIH / =140 Y

DATA ITAPE / 18 7

SAPT PROGRAM (CONTINUED)

398

1.2-DN-B0263-001
Page 47

Ly abey

100~€0208-Ng-z*|



70
Y1e
572
Y
Fhm
95
Qb
97
fge
Foe
Lone
10}
102
1D3e
104
igse
106+
107e
108
109
110w
111
112«
1134
lide
116
114e
117
1tBs
119
120
121
122
123
124w
125
1246w
127+
128
129
130
131
132
133
134s
136+«
F3ge
{37
!380
13gs
140+
]'4'?
1424
143w
140
tuce
184
147

alal

(1

FOR,G6  SAPT,SAPT DATE 1R1274

DATA NBLANK/&H, FAMAXKLIN/GAZ W NUMLINIES )

DATA NCARD 7 &p ./ i i

EGRAVEC = GRAVITATIONAL CONSTANT OF THE EARTH { KHae3 / SECes? )

DATA EGRAVC / 298.60119999 / . X .

Dv « SENSED VE['0C1TY CHANGE OVER TIME {NTErvAL BETWEEN PRESENT

AND PREY1aUS RECORD :

DATA DV / 0,000+0.0p0+0:000 /

DATA SPARE 7 ta& # 0.0 /

DATA MUMENT 1/

ORR = 1| .

WRIFLG = Dun |

SBOANT(!) =, 0.a

PRTFLG = 0.0

LIFtKS a2 flan

DYNPR = De0,

DRAGKG * Qo0

WGTKG = 0,0

THRKG & DeD,

ISPSEC = Qun_ ,

CALL INTHSG9,0,0) .
BASE CARD VALUFS aND FORMAT FOLLOy

READIG 9101 NBi5YH ,NBASHT ,NBASDY NBASHR»NRAGHN ,BASSEC, .
e« ITAPE,GMTINT TUREAD, TUWRT THRST | wINST,SECST,IHREND MINEND,SFCEND
L® s LASTP e e C e e mm - .
FI0 FORMATOIRG 14 I 0Xa T2V s IR eFBa20tXe 121X sFban 201Xa 12},
e 20ER T4, 07, I3,1%,F5e2)412K,11)

WRITEl&.5Q0)

900 FORMAT(IHD)
CALL DATEC . , e e
GETST ® IHRST & MINST/60+0 + SECST/36Q0.0,,
GETEND = IHREND + MINEND/&0.0 +_SECEND/34DD.D
IF{GETEND .LE+_GETST) GETEND = 20n.8

. CALL INPROCIIUREAD»GETST+GETEND 4 NUMENT}

100 CONTEINUE .. . .

YHE CALL TO GETNREc GBTAINS THE FIRST gVENT SET

CALL GETBES(IUREAD,1STOP)

CALL CROFIL{M)
IF(ISTOP ,GY. ») 60 TO 359
_ IF{TERR «GT. O} STOP
120 CONTINUE |
JPCARD = 1 ..
TGET = IHR + Mp/é40 + SECS/35D0
GHT = TGET » 8aSTIM
150 CONTINUE R ,
CaLL TIHECIGHT . IDAYNs ITHRN S MINN.SECN)
TIMTAP = GMT = BASTIM ,
CALL TIMEC (TIMTARWIDT,IHT,IHT,ST)
IHT = InTezy + IHY
TTAPE = 5NG| (TIHTAP) P . .
IFCIHRN +GT. 23 «aNDe (IDAYN - [DCALLY +£8. i) [Deall = IpCAgL~1 |
[IFCeIDAYN o TDrALL) LGE, 0 +AND, [IDAYM - 1pCALL) ,LT,2) GO TD 20n
IDCALL = IppYN _
IFLIHRAN (L1, 23 IDCALL = IDAYN -
CaLL INITAL IDPALL,TSTOF)

SAPT PROGRAM {CONTINUED)

PAGE

99

«NEW
¢NEW
SNEW

oNEW

sewm]

1.2-DN-B0203-001

Page 48

IR0,
Naogdad,

TV

gp obeg

100-£0208-N0-2" L

gr movda "IN

HOo0d
HHTL 40

ALTOEI0



14B#
149+
150
151
1524
153+
15U
156+
156
is7e
158+
159
160
telw
167«
153
164
145
166w
147+
1468
169
170
171«
172
173
174e
175
176w
177
178
179+
18ne
181
182x=
183
184+
185+
IBbe
187+
18R
{85
190
1%t e
192
173
194
t?5e
176
197+
198+
196
200«
201 »
207
203
2949
200G

200

220

223

225

250

280

FOR,G  SAPT,SAPT DATE 181274 PAGE

IFIISTOP 6T« o} STOP

CONTINUE .

IFCALIGH ,unF, 1) GO TO 220

CALL CROFILE2)

CALL ATTDEF(GHT,ATTP}

GMTP = GMT

CALL CRDFIL(1}

CONTINUE .. .

IF [ATTSYS .EQ, NBLANK) IBLANK = (
IF(ATTSYS .70, NBLANK) CALL CRDFIL (2}

CALL ATTDEFIGMTATTECH)

CALL CRPFILtI)

IF(ATTSYS .NE. NBLANK} GO To 225

DO 223 Islsa

Do 223 J=),.1

ATTI(T,J) = ATYECT(I,d)

CONTINUE

CALL EULER(ATTT IVHS+ANGI ANG? 3 ANGIWATTECT)
CONTINUE

caLl NADlHtrHT SCLOMSGRLATsALT)

TFIIPYFLG .Fge 0) Gn To 250

Call FILTYCe1)

!FlAfTsYs.en.NnLAuu\ CALL CRDOFILI(2Y

CALL TARVEL({GMT ,NEWVEL ,TARGET,TDVEC)

CALL BPCRITt.ATTECITARGET,Pp)

caLL VWPTCH(?.VAWTAR.PTCTAR.PBI

CONTINUE

ITYPE st

IDEF = .

CALL TARVEC(GMY NEWVEL ,SUNVEC,TDVEC)

CALL BPCRU1.ATTECT +SUNVEC,PB)

CALL YWPTCH(?,vAWSUN,PTCSUN,PR)

ITYPE & 1

IDEF = 1

CALL TARVECGMT ,NEWVEL ,cOEVEC,TDVFC)

CALL chntu.arrecr.coEVFC.PBl

CALL YWPT(H2,yAWCOE,PTCCOE,PB)

CALL ACPf1.2,2, “-1-3:3oI”UNUM :uunuu.GMT,sﬂT.ATTECJ.Tnvec.
¢ OMG,040,0.0, 0.0 YRATE, 7RATE, XRATE ,ATTLY . YOFF ) 20FF  XOFF)
ZLVLH = ZDFEZ*RTD

YLVLH = YOFE#RTD

XLVLH = XDFEeRED, | .

IFEZLVLH i Te =0e1S5} ZLYLH ® 36040 + ILVLH
TFAYLVLH ot Te =0e95) YLVYLH = 36Men + YLVLH
TFIXLYLH oLT+ .0Ns05) XLVLH a 340en + XLVLH
IFUIHOLD WNFs {) GO TO 260

CALL ZLvnDTtT.vLVLH VYLVLH  ZLVLH  XRATE ,YRATF, ZRATE,
ARATE = XPATE!rSEcPHRIRTD)

YRATE 3 YRATE«rSECPHR/RTD)

ZRATE = ZRATE#;SECPHR/RTD}

CONTINUE

IFUIMUNUM 4FQs ©) THUNUW=]

M=zl

IF(IASTP-EQ.l) M2

CALL ACP(l.?oZ u.3.1.M.:MuNUM.IMUNUM.GMT.GMT.ATTErI.Tovzc.
« OMG,0,0,0,7,0%0 YRATE ,7RATE,XRATE ,ATTI ,YOFF ,Z0FF XOFF)
ZiMy = zorr,nrp

YIMy = YOFF4RTA SAPT PROGRAM (CONTINUED)
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204
207
208*
209+
2|0+
210
212
213
214w
215
215
217»
218a
219e
220s
221
222
223
224
225G
22¢&»
227
228
220w
230
231
232,
233
23de
235
23k
237
23ps
239
24pe
2] e
292
243
FL LY
2uge
2496
247w
25pe
249
2508
251
252
251
25Ue
255
254
257
250
259
260
261
267w
26%e

28p

28y

785

-t

-

FOR,6  <aPT,5aP7 DATE  TAl274

XIMY = XOFF#RTRH

IFIZIMU oLT, 6405} ZINU = 360.0 « ZIHU
IF(VIHU sLTs =0+D05) YIHU m 360e0 4 YINU
IFIXIMU oLT. =a.06) XIHU = 360.n & XIMU
YAWTAR ® YAwTAp®*RTD

PTCTAR = PTcTAR#RTD

YARSUN = VAwsuMcaro

PTCSUN = PTCSUNSRTD

YAWCOE = YAwCﬂr-RTD

PTCCOE = PTCLOE*RTD .
IFISCLON +6GTe 180401 SCLON = SCLON = 346n,0
NUMCOM = |,

Do 280 [=2.%

DO 787 Jal,r

1J ={I=t1e3 + 4 ,

IF(NEVENT(TJUY _NE. NBLANK) NUMCOM = 1

CONTINUE _

CALL TRAJCY (GuTsRaVsJERR)

IF {JERR 46T, ») STOP

RHAG = YECHGIR:

IF (ITAPE .rGe. 0) Go TO 288

RECFLG = 1.9 . - . -

RECFLG= LASY Rpcono IN FILE FLAGs IF LESS THAN Dan THIS IMPLTES
LAST RECORD IN FILE

PRTFLG= FLAG INDICATING_TYPE OF PAINT PO{NT

CALL GMTCAL (GMT.NBASYR, YEAR-GHD”TH:GDAV‘GHR.GM!N GSEC 1}

SUBROUTINE aMTzaL WILL COMPUTE GREENWICH MEAN TINg IN YEAR,

MONTH)DAY HAUR, HINUTES, AND SECONHS FROM THE BEGINNING OF THp

BASE YEAR (mBAévnn.

GEY = GMT « sA:T!M

GET = TIME 1N WOURS FROM LAUNCH

Da 281 J=t.n

REKM{JY = RUJY & 6378414

RKM = VEHICIE paADIUS VECTOR (Ect) 1IN KM

VKH{JS) o yig) o 16378014 / 360040 ) .

VKM = VEHICIE uELuchY VECTOR gECt) IN KM/SEC

RSUNDP L) = DB)E(RSUNIJI} » 6378.540DN

RSUNKM{J) = SNL{RSUNDP(J)

RSUNKM = 5uUn VeCTOR IN KM {(ECT)

CONTINUE

Do 285 =) ,2

RKMDP{) = DHLF [REH{T) ) .

RKMDP - VFHICIE RADIUS VECTOR (DoualLE PREcISION

VKMDP(1) = npLg tVyKM(l) )

YKMDP = VEHICIE VELOCITY VECToR (DOUBLE prFCISToOm)

CONT INUE . .

XIMUDP =2 DBIE (XIMU} 7/ G7.2957795DD

YIMUDP = DBILE (YIMU) / 57,295779500

ZIMUDP = DBIE (2IMy) / 57.29577956pA

Yi4HyDP, ZI8UNE ,x IHYDP= PITCH, YAW, AND RotlL GIMBAL ANGLES {RARTANS!

WITH RESPECT To INPUT REFSMMAT

RMAGKM = VEFMG {RKkH)

RHAGKM - VEHIC|E GEOCENTRIC RADIUS (KM

CALL UNVEC {RKM.RKHU)

RKMy = VEHICLE UNIT RAPIUS VECTor (ECI}

DECGCN = ASIN  (RKMU[I],

DECGEN = VtulC|E GEQCENTR]C DECLIMATION (RAnIANSI

RASGCN = ATAM? (RKMU{2),RKMUCL) )

1.2-DN~B0203-001
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2hu4e
245w
24H5w
267
2468«
269
270e
271
272+
272
274»
27%e
27be
2774
278
279«
28p.
261
2B2»
283
2gte
285
Z84e
287
288
289«
290»
291
292
273
2%4e
295
296
297
2%8e
295
0pe
3nte
307
303
A0k
305
306
307
i0nae
30%s
3loe.
3l
312
313
3Yye
315,
316w
317+
318«
119«
320
A2t

n [a el lalalsEaNakKal (2]

[aEaNalalsl

FOR\G  SAPT,SAPT OATE 1RLPTH

RASGCN ~ VEHICIE GEOCENTRIC RUIGHT ASCENSION (RADI4NS)

VHAGKM = VECHGIVEM)

VMAGKM — VEWICI € INFRTIAL VELOZITY VECTOR MAGNITURE {KM/SEL)

VALTK® = ALT ¢ {6378+16 / 3443.93na8551 )

VALTKM = VEHIC1E ALTITUDE ABOVE ORLATE EARTH (KM)

VEHGDL = GDIAT / RTD

VEHGDL = VhH1C| GEODETIC LATITUDF (RADIANS)

VEHLON = SCION _/ RTD .

VEHLON = VEHIGLE LONGITUDE (RADTANS)

CALL FRAZ {GMp+GAHT PSTI.VELREL, GAHREL sPSTREL 4GReS )

GAMI = INERTEAI FLIGHT PATH ANGLE (RADIANS,

PSII = INERTIAL A7 IMUTH (RADIANS}

VELREL =« RELATIVE VELOCITY VECTOR MAGNITUDE (KK Sre

GAMREL = REtAT!VE FLIGHT PATH aANGIE (RADIANS)

PSIREL = RELATIVE AZIMUTH [RADIANS?Y L.

GRAS = RIGHT_ASCENSION af GREENWICH tRADIANS)

AKM @ A # { _len 7 37804833 )

AKH - SEHIHQJOE AX1S (KM}

E - ECCENTRrCIYY

RADINC = Dryc ; RYP

RADING = INCLINATION TO ORBITAL PLANE [RADTANS)

ASCNR = ASCNOD_/ RTD

ASCNR = RIGHT 35CENSION OF ASCENDrnG NeDE (RADIANGS)

ARGPR = Ansnsn_/ RTD

ARGPR = ARGUMENT OF PERIGEE, {RADIANS)

TRUEAN = TRUE sNOMALY [RADLIANS)

PERIOD = antT“L RERIOD (SECONPS}

SHADOW = 1.4 "EHICLE IN DIRECT SUNLIGHT

.-1.n vEHICLE [N DARKNESS

SHADOW = (.

CALL UNVEC ;RSHN JRSUNUY

COSANG = DNT {oKMU,RSUNU)

IF { ABS{COSANG) «GEe 1oD] COSANG = sigN, (I 0yCOSANG)

IF { ACOS[cNS5ANG] «GEs { 1B0.0 =~ nst(l.n’ RHAG)) ) SHADOW = w1aD

ATTECY = D!DECTIUN COStNES pF THE %.¥» AND_7F BODY AXES WITH
RESPEET TO_THE_ECI COQRDINATE SYSTEM

CALL acP (l,2|2.4 S, 3.3 IMUMUM,1MquH|GuT-rHT'ATTrc1uTDVEc-

¢ QHG0.0:B:0,0. 0-0nn|Doﬂu"-H-ATTSR'ALSR.BTQR-GHSR )

ALSR = PITCH FnDH SoLAR REFERENCE_SYSTEM (7YX EULeR)

BTSR = YAW FROM SnLaR REFERENCE SYSTEM (7YY EULER:

GMSR = POLL FRnM S0l AR REFERENCE quTEM tzyxy EULER)

YLVLHR = YLVLH / RTO

YLVLHR = UENIC.E ﬁITCH ANGLE FROM LOCAL VERTICAL 1M RADIANS.
(7YX FULER) YAW=PITCH SEQUENCE

ZLVLHR = ZLVLH, / RTD -

ILYLHR - VFH1C|E YAW ANGLE FpoM LoCAL VERTICAL N RADPIANS.
(7v% rULER) YAW=PITCH SEQUENCE

XLVLHR = XLVLH,/ RTD .

XLVLHR . VEHTCIE ROLL ANGLE FROM LOCAL VERTICAL 1N RADIANS,
(7YX cULER) YAW=PITCH SEQUENCE

PTSUNR = PTcSUy / RTD

PTSUNR - LONK aNGLE THETA FROM VEHICLE TO SiN {YAw.PITcH SEQNENCE

YWSUNR = YawSUy / RTD

YWSUNR = L0oK aMGLE PHI FROM VEHICLE Tp suw {YAuW=p{TCH SEQUENCE)

PTCOER = PTrcog / RTD

PTCOER = LoOnK ANGILE THETA FROM VEHTCLE TO fENTER AF EARTH.

YWCOER = YawcOg 7 RYD

YWCOER = LOOK 3NGLE PHI FROM VEHICLE TO CENTER OF EARTH.

SAPT PROGRAM (CONTINUED)
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322
23
324«
325«
326
327
328
A2%e
330,
331e
332«
323
3ide
33Gs
kYL
337
A3Ae
339e
34Qe
341+
342
Ji43e
3de
d4ne
4L
U7
kL1
149
350e
351
A5z
353
ISy
A56
354
357+
358
asqe
36D
361e
362e
363
k2. L1
345
Job»
347
348
369
371te
371,
A77e
37 3s
3744
375
1754+
377
374«
379«

lalaKsNal

c

o n

FOR,6  SAPT'"SAPT DATE TRI274

SPARE = MATRI1X FOR SPARE WORDS TO pE RESERVED FOR FUTURE USE
THE ATTITUDE TiPE RECORDS ARE WRITTEN BELOW

WRITE {ITAPE) RECFLG PRTFIG'VEAR GMONTH.GDAV.

wGHR ,GHIN fSEC.;ET,IRKMDPlI),fﬂl,3) SIVKMDP (T, I=1, 1).(DV(1l.I-1.31.

YIMUDP ZIMUUP *IMUDP|RMAGKMnDECGcN*RASGcN VMAGKM.GAMI . PST1s_ R
VALTKH VEHrBL VEHLoN.VELHEL.GAHREL.PSIREL.rRAs.RFV.AKH.E.nAnxuc.

EGEAVc.sunpow taITEcItr'JI.Jsl.al,tATTec:rr.Jl.J-:.31.
fATTECI(S.J'-J'I-3,|YLVLHR ZLYLHR s KLVYLYRALSR4BTSR+GHSR sPTSIINR,
YESUNR PTCAER, YWCOER s (RSUNKMUTY 1wt 31, (SPARELT ). 1=1,14)

288 CONTINUE

“a ' ae &8

IF (JPCARD .EG. 1} GO To 290

NUHCOM = |
290 CONTINUE .. .

IFCINUMLIN « NUMCOMY oLEs MAXLINY 6D TO 2300

WRITE(4,950)
950 FORMATIIHE . U3X, 'SHUTTLE ATTITURE aND POINTING TIMs LINEY/7
90X, 'LOOK ANG{ES (00K ANGLES _ _ LOOK ANGLES'/
Ay, |VEHIctE nOStTIDN . LVLH aTTttUDEer 7%, vEC] ATT!TUDEv,b!,
tTn SUN'-Ay. J0 EARTHY,8X.*T0 TAanT'!%x 'GET'

*ROLL Yaw E!Tcu YAW PITcH TARG _Yaw_ PITCue/

3X,'0EG6  _DEg, DEG DEG BEG  DEG pEG  DEG 1o’
3XVIDEG  MEGe/)
NUNLIN = 7
300 CONTINUE  _
VARR2 = VAR?
THE ATTITUDF AnD SODINTING TABLE 1S WRITTEN BELOW.

. H e 28 »ta

IF tJPCARD, LEBL _0) 60 To 30s
IFUIPTFLG opBe ) WRITE(6.9401 IHTltHT.ST.tMEVENTIJ).J-!.sl.
. ALT.GDLﬁT.QCLnNsZLVLH YLYLHeXLULH, ZTMY, Y 1M, KTHUL YAWSUN
s PTCSUN,YAWGOE  PTCCQE
960 FongATtlx 11,11,:?.|X.F4-|.!x.atAa) RUTHININIRITT
@ 201X,301X,FE4 101, 201%,201X,F8,111)
CALL TDRSTFiORp!
IFIWRTFLG) 106,303,303
303 CALL SWITCH ..
IF(SBOANTI2) =_SBeANT(1}) 301,306,701
301 NCOUNT = NCAUNT + 1
G0T0302
304 CALL SWPRNTY
SBAANT(1) = SBAANT(2)
G0T0306
302 TF{IPTFLG .nE., 01 WRITE(4,970) lHT.IHT.st.tNEVENTrJ) ETIE T
* ALT,GDLAT, chnN ZLYLH, YLVLA  XLVLH, ZIMU Y I, XTHU Y AWSUN,
. PTCSUN,YAWQOF PchuE.NAMTAR.YAwTuR PT;TAR_,,
70 FORUATIIxo]aull.12-13'?4-1-lKnJIA&|.2(IXoFﬂ-l’olX Féel,
B 201X BN PGS 1Y 2K, 201X, FE 102X AH 21 NsFS, 1))
Gnroanu
305 CONTIMUE -
IF {IPTFLG Em 0y WRITE (4,969) IHT, tMT ST NCARD NCARD NcARn
'kLToGDLAT.srLOM.ZLVLH-?LVLH.XLVLH.7IHU.Y1HU.XIHU.vnWSUN.
*PTCSUN, YAWCNE 4o TCCOE

SAPT PROGRAM (CONTIHUED)

ASCHNR, aRGPa TRUEAN FER]OD,OVNFR DRAGKG LIFTKG,WGTKG,THRKG, lcpszc.

25!.'ALT-.1X.-LhT-.qx.nLDN|.qx.lvnw PITcH RoLL LYaw PITEH 1,

1X+*HRS MN SEFS*.7Xo"EVENT?49x4'n Ml DEG®, 4K, '0FG DEg DEG?,

PAGE 403

s NEW

*NEW
sNEW
*NEW
«NEW
#NEW
*NEW
*NEW
s NEW
*NEW
o NEW
enal

*sNEW
aew}
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380
0.
382
3g3e
384e
365w
366
387
348
389
390
A%1e
3G2e
3?3
394
395
A%4e
A97e
3%ge
399
d40Qe
401
402w
H03s
404e
405«
404
HO7e
408+
409«
H1Qse
4118
4170
413w
Yige
LEY-1
Hibe
417e
41Re
119+
Y20
4219
422+
423
424 %
425
H24w
427+
428
420
430
Hile
432«
433
434
Hate
H3he
437

[alal

307
i08

il

309

06

98p
aznp

35p

TH

400

TH

FOR.G  GAPY+SAPT DATE Y81274 PpAGE

cabl TORSIF(ORg)

IF{WRTFLG) ~04.307,307

CALL SWITCH . . -

IF(SBOANT(2} »_SB04ANT(131 308,304,308

NCOUNT = Ncnuty * |

GOTO3R?

CALL SWPRNT

SBOANT(I) = SBRANT(2}

GOTOanS

TFUIPTFLG o NE» U!leTE16-9£uJIHT-tMT.ST.NCAnD-NCAnD NCARD.
#ALT ,GDLAT, SrLOM ZLVLH, YLVLH ALVLH, 2 IHU, YIMULXI#U,vAWSUN,
-Prcsuu,YAWCnE.ochor.NANTAR YAWTnR.PTCTAR

GnTO311

CONTINUE |

IFINYMCOK «£@s 1) Go To 350

DO 320 Je2 (NUNCOM

1J stJ=t1903

WRITELSL.98m) NrVENTl!J+ll.NEVENT(|J+2).NEVENT(IJ01)
FoRHAT{|3x-1tA;!l

CONTINUE

CONTINUF
GETWRT = fHr MN/éU.ﬂ - secs;sson 0
E DESCRIPYOR TABE t5S WRITTEN BELOW.

IFCTUWRY -GT. nl WRITE(JUWNRT) GETWRT, ATTSY:.IHUNUM.!VHS. .
ANG!,ANG2Z, ANG1,IHOkD XRATE,YRATE,7RATE, yIPTFLG ALIGN, INSTID,
IANGI,lANG?n!IYPEloIDEFi.VARI'UAQ?,VAR3 ITARGL VAR, IDIN?,
!ANGlz.rnnrzz.ITVPEZ.tnEFz.VAR|2.uAR22.VAn12-lTAnGZoVAR42.
(NEVENT (J) =T ,12) NAHTAR

- & 8 @

NUMLIN = NUMLIN + NUMCOM

IF (GHMTINT ,GT, 1.E24) G0 To 400

1F C1BLANK .NE,. 1% cALL CRDFIL(3}
IBLANK = 0 | .

IFUIERR +ERy D3 6O TO 100

IF{IUWRT +6T» n) ENDFILE TUWRT

sToP

CONTINUE .

GMT = GMT + GMTINT/60.000

If (JPCARG LER, py 60 To 4SO

CALL CRDF]LII!

LF ¢ATTSYS .NE NBLANK 3 CALL CRPRFIL!I)
E CALL TO GFTDE: QgTAINS THE NEXT gvENT SET

CALL GETDES(JUREAD,iSTOR)

IF {ETAPE +6Te @ +ANDs IERR LT+ @} RECFLG = = leg

IFIRECFLG 41 To, 04 )WRITECITAPE) RECELGIPRTFLG,YEAR. GHONTH GDAY,
sGHR, leu.Ggrc.rET.thMDp(II.I=;,3;,tvkmnpt|1.r-l.11.tDulla.I-n.Ja.
YIMUDP ,ZIMDP X THUDP JRMAGKH ,DECGCN RASGEN, YMAGKM I GAMT PSTT,
VALTKHM, VEHcDL VEHLONVELREL, GAHRFL.PQIREL GRAS.RpU.AKH-E.RAnINc.
ASCHR ,ARGP®  TRUEAN ,PERIOD ,DYNPR ,nRAGKG ,LIFTKG,WGTXKG, THRKG, 1=PSEC,
EGRAVC-SHnnOW tgrrectlt,J!.le.Ja.fATTchs?.dl.J-:.ai.
tA?TECt(J.JI.-nl.sl.VLvLHn ZLULHR XLVLHRBLSR,BTSR+GHSR PTSHNR.
YWSUNRVPTCOER, YWCORER S [RSUNKM{T)sl=ls3ts (SPARE(L) . Tutbslt)
IF {RECFLG .LT, 0.IFNDFILE (TAPE
IF (TERR «MF, o ) STOP

- a8 e =

SAPT PROGRAM (CONTINUED)

404

=NEW
#NEW
s NEW
#NEW
s NEW
eNEW
SHEW
aNEW
eNEW
«NEW
seml

*NEW
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FOR,6  GAPT,SaPTY

} CALL CROETL(T)

43gw CALL CRDFIL {1}
4194 JPCARD = D .
440 TNEXT = IHR + MN/&0 + SECS/3600
4y e GMYNXT = TNFXT + BASTIM
442 450 CONTINUE L N
4434 IF ¢ (GMTNXT=GMT) LLEs 14E=5
44w IF ¢ {GMTNXT«GMT) «LEe 1¢E=5 )} 60 TO 12D
4G ATTSYS = NRL ANk
444« ALIGN = O, , o
447 Ir "1ERR +EMe o) GO TO 150
d4ge 5TOP
449 END
END OF COMPILATION; Nm  pTAGNOSTICS.
o MAR , G SAPTP (SAPTP

SAPT PROGRAM (CONTINUED)

DATE

Ta1274

PAGE

405
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1%
rs

e
4w
5w
b
7=
£
o
10»
11#
12»
13w
14#
16+
169
17»
18w
19
20
21

1o
15

17
20

30
35

37.

100
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SUBROUTINE €W[TCH
COMMON/ANGLES/ YAWTARWPTCTAR»SROANT (27 JNCOUNT

IF{PTCTAR
IFIPTCTAR
IF(PTCTAR
IF{PTCTAR
IF(pTCTAR
1IF({180¢ =
SBRANT{2)
GOTO1060
SBRANTI(2)
GoTotoo
IF(iB, =
IF(iBBl -
SBRANT(2)
GOTN100
SBRANT (21
gaTpi100
IF(‘BD- -
RETURN
END

«FQs 0) PTCTARS36D. | o
«Te O JANDe PTCTAR .LE. 99 ) GOTN1O
WGTe00 (ANDe PTCTAR ,LE, 1803 GOTO20 _
or:Te 1BD «ANDe PTCTAR oL Es 270) 0TO3D

«fATs 270 SAND! PTCTAR +LEs 34n0n) GoTO04D
YAWTaR) 17415,15

z fen

= 2.;

YAWTAR) 16,17,17
YAWTZR) 3743535

t o

30;

YAWTAR) 35:37,37

SUBROUTINE SWITCH


http:39,37.37
http:17,1I.1S
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t»
2%

s

=% J
&®

FE

8s

bR
10s
P11
t2e
13«
14»
15%
l&w
17e
Ine
1%«
20
21«
22+
23

35

48

4p

&0

5p

ig

2n

30

1.2-DN-B0203-001

ODUCIBILITY OF THE 1.2-0n-
%?E%%A% PAGE IS POOE age

SUBROUT]
COMMON /

IF{ORR
1IF(ORR

IF(ORR
VARRZ =

IFI{VARR2
VARR2 =
ORR = QR
GoTns0
VARRZ =
ORR = 0OR
GOTosN
ORR = OR
GoTo>0
IF{VARR2
IF{VARR?2
GOTp30
IFLYARR?
IF(VARR?Z
RETURN
END

NE TDR<!F {ORR)
ALONG/ SCLONWVARR2.WRTFLG

EQ, 1) _GOTO3S
EQe _2), GOTONO

EQ,, 0) GOTO48
-41.0
;EP; -41.0) GOTO4D
41.0
R + 2
--17.;'{-!
R = 2
R + i e ‘
«eGFe ~104¢ 2ANDe SCLON «LE+ T4.) GoTO 10

sLT+ <170 +ANDe VARRZ +GT» =172.) WRTFLg= =1,
LT, 40, LAND, VARR2 ,GT, =42;) WRTFLG =~ 1.

. -

LT+ -840, <AND. VARR2 .GT. =47.) WRTFLG = =1e
LT 170, .AND. VARR? +GT W —172., WRTFLG = 1'

SUBROUTINE TDRSIF


http:VARR2.GT
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1*
2%
A
Qe
5
L#
7w
as
G
Inw
Tiw
12«
13»
4w
15»
1bs
17

2p
23

31

49
41

50

SUBRODUTINE <WPeNT

géZ-DN-80203~001

ge 60

COMMON/ANGLFS/ YAWTARSPTCTARSSBOANT(2),NCOUNT

ITANT=SBRANT 2)

G0 TO(10,20,30,40), 1ANT
PRINT 11» NCOUNT
FORMAT(14X,¢SBAANT IS UPPER
GoTO50 - .

PRINT 21, NCOUNT .
FORMAT (14X, +SBnANT 15 UPPER
GOToS50 - .

PRINT 31, NfOUmT

FORMAT (14X, +9SBaANT 1S LOWER
GOTDSD2 L.

PRINT 41+ NCOUNT
FORMAT (14X ,*SBnANT IS LOWER
RETURN

END

SUBROUTINE SWPRNT

RT.»

LTy

RTu:Sx:IS,'

LT

(5X 15,0

VBY, 15,0

v 5%, 15,

SW{TCH
SWiTCH
sw]}cH

swiTCH

POc

POc

POs

Phe

CHANGES)

CHANGES )

CHANGES v

CHANGES )


http:FORNAT(I4X..SB
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T.2-DN-B0203-00T"
o T RUN_A0U1TT2FEE3 s BETA o S5, M045 2C 3105 Page 62 pRE . &, ..
A5G S=VNGZEe3
L ASG E=VOL655
AS55 n=VYD480¢8
XG4T ram
TR F oy Se 0
1V S
NS
TR —_— -

o s o — itsmin o i L

A0T SarTp T
1985 1201 13 89 59.9 . -

TAPS 41
50 UD_07.0_LVLH 1 321 0.0 0.0 0.0 .50 R
2 SEXTAY 3.0 147.5 G GROTGY 5.61074 —41.0 0.0
R R I 1D W S W — o S -
50 0 .0 1 321 . 1
2 SEHTAN 043 _14Te5 G GRNIGT 5.61374 —171.0 0.0
TO2S ~41
5) . 0.32.0  _.1.32) 1
2 SEATAM D.u 147.5 & GRDTGT 5.61074 ~41.3 0.0
LIRS I o e e e i s . —
S C 37.0 1 321 L
R SEYYLL 0.0 __ __l47.5_ _ 5 _GRDIGF 5.61374 =171.0_ 0.0 . -
TO2S —41 : . .
Ly 1 321 e i .
E/TAN D.0 147.5 6 GRDTGT 5.561074 —41.0 0.0
e . B3RS =371

V.
Wt

0_ 1475 G GRDIGT _5.61374 —171.0 0,0

9 147.5 G GRDTGT 5.61074 —41.0 0.0

A 0.0 1475 . G GRATGET 5.061374 —-171.0_ 0.0 ...

— e

AN n,0 147.5 5 GRDTST 3.61074 —41.0 0.0
Ro.=174

oM

- N -0 1 321 T TrTTTIT T
o B34 v 7,5 5 GROICT. 5.5137% —171.0_ 9.9 IS

28T N 0.0 0 T 147.5 G GRDTET 2.61074 ~41.0 0.0

2 2.4 1 321 1
EAVAN DM L L 14T.5_ 5 LEDIGT B.461374 1710 0.0

.2V D TR -1 52} ——— e e e e w0 Lo

6,7 147.5 G GRDTGT 5.610T+ ~&l.d 0.0
. VoS - L7L L L.

50 % L0 1 221 .
STAEEN_ 0.0 . . 14745 . B GROIGT Se0d3T4 =k7lel 0l e -

S A e 0 L3321 . — [ 3

2 oskcTAN 0.9 1475 6 GROTAT 5.6L07+ —t1.7 3.0

S £ I'S . G GROTIGT. SealdT+ ~1l7T1ls) . U0 __ ...

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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e 2S -AY L —
3 % ..U i 321 1
e 2LSTATRN 0V FaTab GLGRDIGT D.610T4 4l .l o Qa0 o L
T3 —-171
ORI Y y - L0 _.d 321 — — — PR |
2 S/xlad 0.0 147.5 G GRDTGT %.61374 —-171.J) (.0
S S 135 I S . —— .
5% 4 232.0 1 321 1
.- L-SEX_TAN_D..{}. o daf.s G GRDIGI S.6l0f4 —alad 0.0 i -
RS —-171
_:_‘)_- 30,6 1 3213 —
2 SFXTAN 0.0 147.5 G GRDTGT 5.61374 -171.0 0.0
T'_‘z.f}.S__—i»} ——

53 5 -0 1 321 1

el SEXTAM DaC . l&7a5 GO GRDIGT 5.61074 410, . 0.0 ... PR e

TGRS - 171

B B a0 L 32 L — SN S

Z SELEVE D43 1347.5 G GROTGT 5.61374 —-LTJ..U G.0

S N 70 Y O S —— — — - — e — -

50 0 30,0 1 321 1

L2 02X A 0.0 . 0 J1AFLS 6 GRDIGY _S.631074 =410 0.0 N e e e e e

THRS -171

e QL S 5000 1321 - o 1 R

2 5EXTAN Q.0 147.5 G GRDTGT 35.615374 —171.0 2.0
- —— . A325 sl —
54

.0 1 321 1

il
3 HANY —171

\
& SEATVN_L.0 . 14T.5 6 GRDIGY 5.61073 —lal  _Dald oo 4l L e e
Term

. — 5.0_ _t:_.__-_D_ U _..l..i?.l__ _— b — [ DU

2 SEXTAN .4 147.5 G f‘Q')T"T ).01374— —~171.4 9.0
——— e VREL =81
5) 5 3D.0 1 321 i
e SEXTAN V.02 14F.5 . 5 GADTIGT _5.4681074 ~41.0 00 e+ e e
TERS -171
——— bJJ.. _n’_—J’J' '3_._..-......."..._.1 ..121 e v e m e Aaraamn —— r—— — _.._.._.._l.‘ e
2 SFrTaM DY 147.5 & GRDTGT 5.6137‘1— =171.0 0.0
- DEMOOCARY e - S
far

- - - - - - S T - - - -

RUN DECK FOR SAPT/SHITCH/SWPRNT/TDRSIF

- - - - - [V, — - - [ — P P —— - — - f— - - -
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