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FLIGHT PROCEDURES HANDBOOK PUBLICATIONS
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This handbook is an orbit phase flight training supplement and ready refer
ence for use by Space Transportation System (STS) flight crews and Mission
Control Center (MCC) personnel. It provides background information and ra-
tionale used in preparation of flight procedures to meet test and opera
t iona l ob jec t ives .

1 . 2 S C O P E

The overall objective of this handbook is to be general enough to cover
all Orbital Flight Tests (OFT's) and early operational flights; however,
the dynamic nature of the Shuttle development program has precluded com
plete sat is fact ion of th is object ive. The detai led fl ight procedures given
in this edition of the handbook are those included in STS-2 Orbit Operations
Checklist, Final Edition. This Flight Procedures Handbook wil l continue
to be subject to an iterative revision process as the STS program matures.

Redundancy to other Shuttle documentation has been avoided except as needed
to highlight the procedures. The procedures and techniques presented are
the results of blending past crew experience, equipment specifications, sys-
tems analysis (both theoretical and empirical), and functional simulations.
Most of the contents have been discussed in On-Orbit Flight Technique Mret-
ings (OFTM) held at NASA Johnson Space Center (JSC).

1.3 REFERENCES

General references for preparation and use of this handbook are as
f o l l o w s .

SFOM Vol 10, Displays and Controls
SFOM Vol 6, GN&C Hardware
SFOM Vol 7, Applications Scftware
SFOM Vol 12, Crew Systens
FSSR Book 13, GN8eC, Part E, IMU - IMU software requirements
FSSR Book 14, GN&C, Part E. Nav Aids - S TRK/COAS software requirements
OSOP (systems procedures)
FDF Preparation Standards (checklist formats)
STS Work Day Handbook, (flight information)
STS-2 FRD (test objectives)
STS-2 Flight Data File, (flight schedule and checklists)
OFTM Minutes (flight techniques)
Singer Company Document Y254A176 - IMU Technical Description
Ball Brothers Research Corporation Spec No. 43610 - Stcr Tracker

S p e c i fi c a t i o n s
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1.4 ABBREVIATIONS AND ACRONYMS

i T

/\CC
A D I
ALIGN
ANG
A H
AUTO

A c c e l e r a t i o n
At t i tude Di rect ion Ind icator
Alignment
Angle
A t t i t u d e
A u t o

3ITE
BOS
3/U

Built-in Test Equipment
Bright Object Sensor
Backup

C
CAL
CAP
CAPRI
C&M
c b
CDR
CK
C/L
CL
CLR
CMD
COAS
COMPOCL
CRT

Cluster (coordinate system)
Calibrate(t ion)
Crew Activity Plan
Capacitive Reset Integrator
Caution and Warning
C i r c u i t B r e a k e r
Commander
Check
C h e c k l i s t
C l o s e
C l e a r
Command
Crew Optical Alignment Sight
Common Pool of reference data (GPC software)
Cathode Ray Tube

DAP
DC
DD/HH:MM;SS
DEG
DES
D P I
DIP
DISC
DPS

Digital Autopilot
Desired Cluster (coordinate system)
Daŷ our-.Minute: Second
Degrees
D e s e l e c t
Development Plight Instrumentation
D i f f e r e n c e
D i s c r e t e
Data Processing System

ENA
ERR
EXEC

E n a b l e
E r r o r
E x e c u t e

PDP
POV

'light Data Pile
Pield of Vision, Pield of View 1 ^

GCO

GNC
GMBL
GND
GPC
GYRO

Gyro-Canpass, Desired cluster orientation (coordinate
s y s t e m ) ^ ^ ^

Guidance, Navigation, and Control
Gimba l
Ground
General Purpose Computer
Gyroscope

1 - 2
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H H o r i z o n t a l
HI High

10 I d e n t i fi c a t i o n
IMU I n e r t i a l M e a s u r e m e n t U n i t
I-LOAD I n i t i a l D a t a L o a d
IMU/IMU IMU to IMU
INRTL I n e r t i a l

JSC Johnson Space Center

L L e f t
L AT Large Angle Torquing
LED Light Emitting Diode
LH L e f t H a n d
LIM L i m i t s
LOS Line of Sight, Loss of Signai (time)
LRU Line Replaceable Unit

MAG Magnitude
MALE Malfunction (Systems Malfunction Procedures book)
MAN Manua l
MCC M i s s i o n C o n t r o l C e n t e r
MET Mission Elapsed Time
MIN Minute(s)
m Mass Memory

Major Mode
MNVR Maneuver
MSG Message
M50 Mean of 1950 (coordinate system)

NAV Navigation
NB Navigation Base (also coordinate system)
NWU NorthA'est/Up (coordinate system)
0 Overhead
OFT Orb i ta l F l ight Test
OFTM On-orbit Flight Technique Meeting
OP Open
OPER Operate (t ion)
OPS Operational Sequence

P P i t c h
PAD Preliminary Advisory Data, parameters and data

(form, format)
7 ^ ^ PARA Paragraph

pb P u s h b u t t o n
PC Present Cluster (coordinate system)
PDP Post-Insertion Deorbit Preparation
P L T P i l o t
PNL Pane l
PdS P o s i t i o n
PRES P r e s e n t
PROC P r o c e d u r e
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PWR Power

« *

i 1

R

RCS
REF
REFSWAT
REQD
RH
RHC
RM
RSS

Right
R o l l
Reaction Control System
R e f e r e n c e
Reference Stable Member Matrix
Requ ired
Right Hand
Rotational Hand Controller
R e d u n d a n c y M a n a g e m e n t # r • a d
Root of the Sum of the Squares (of given values)

S
SEL
SOP

SPEC
SSR
S TABLE
S TRK/ST
STAT
SIBY
STS
SMAG

S t a r
S e l e c t e d
Software Operating Procedure
Subsystem Operating Program
Specialist Function
Single System Recovery (procedure)
Star Sighting Table
Star Track(er)
S t a t u s
Standby
Space Transportation System
Star Magnitude

1

T
t b
TEMP
TERM
TOO
TGT
TGTS
THC
THOLD
T I G
T K
TM
T O L
TRK
I V C

Transformation (matrix)
Ta l k b a c k
Temperature
Te r m i n a t e
Burn Time Remaining
Target
Targets
Translational Hand Controller
T h r e s h o l d
Time of Ignition
T a n k
Te leme t r y
To l e r a n c e s
Track(er)
Thrust Vector Control

U I U s e r I n t e r f a c e

V V e r t i c a l

WT Weight —

X X-Axis (direction)

Y

Z

Y-Axis (direction)
Ya w

Z-Axis (direction)

1 - 4
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1.5 SYMBOLS

* S e l e c t e d ; A c t i v e
(no *) Deselected; Not Active
AANG Delta Angle
AMIN Elapsed Time in Minutes
AX Misalignment in X (direction)
AY Misalignment in Y (direction)
AZ Misalignment in Z (direction)
AVX Change in Velocity in X (direction)
AVY Change in Velocity in Y (direction)
AVZ Change in Velocity in Z (direction)
T__A__B Transformation matrix to go from coordinate system A to coordinate

system B where A and B can be any two coordinate systems.

1.6 DEFINIT IONS

Reference Stable Member Matrix (REFSW1AT): This term is assigned to each
3x3 transformation matrix which mathematically defines the position of
the Inertial Measurement Unit (IMU) platform (cluster) axes relative to
the Aries Mean of 1950 (M50) Cartesian coordinate system. There is a sepa
rate set of three REFSMMAT's (Desired, Current, and Present) for each IMU.
Two REFSNMAT's of each set. Desired and Current, are maintained in 6PC mem
ory throughout the mission. The Present REFSMMAT is computed when needed
to support IMU alignments and is available only during alignment
a c t i v i t i e s .

Current REFS^V^AT (T_C_M50): This is the transformation currently residing
in the General Purpose Computer (GPC) Common Data Pool (COMPOOL) at any
given time. It is used by the Orbiter Guidance, Navigation, and Control
(GNC) systems software for determining attitude, velocity, instrument Line-
of-Sight (LOS) and other pointing computations. The Current REFSMMAT is
updated at the end of an IMU alignment. This transformation does not change
between alignments even though the IMU platform may have drifted or a new
Desired REFSMMAT is uplinked. The GPC always assumes that the IMU plat
form is aligned to this Current REFS^WAT position.

NOTE: The Current REFSMMAT used from launch through the first on-orbit
alignment is computed by the GPC during Vel/Tilt Calibration. It is
placed into COMPOOL prior to IMU inertial operation being initiated at
T - 2 0 m i n u t e s .

Desired REFSNWAT (T_DC_M50) (transpose, T_M50_DC, used in FSSR): This
transformation is stored in the IMU alignment module of the GPC to define
the desired position of the IMU platform at the end of the next IMU align
ment (Star-Align or IMU/IMU alignment options). A new Desired REFSMMAT
may be uplinked as required to support specific flight objectives or op
e r a t i o n a l r e q u i r e m e n t .

1 - 5



Present REFSWAT (T_PC_M50): This transformation is conjputed when any of
the three IMJ alignment options is selected. The matrix defines the actual measured platform position at the time of computation. It is basedon eUhêstar sighting data or the Current REFSWAT of a specified refer
ence IMU. If the lift) being aligned is e^^o the reference, the Present
REFSrWAT is set equal to the IMU's Current REFSMiAT.

1 - 6



SECTION 2
BACKGROUND

2.1 IMU ALIGNMENT

A stable attitude reference is provided on the Orbiter by one of three In
ertia! Measurement Units (IMU's), each containing accelerometers and gyros
on a gimbaled platform as shown in figure 2-1. The IMU platforms must be
constantly repositioned to the desired inertia! orientation to compensate
for drift caused by inherent variations in equipment or operating condi
t i o n s .

To compensate for anticipated gyro drift between on-orbit alignments, a
gyro drift bias for each IMU is maintained in the General Purpose Compu
ters (GPC's), and supplemental torquing pulses are continuously sent to the
gyros. The supplemental pulse rate is proportional to the amount of bias
required. The bias is periodically recomputed and updated by Mission
Control Center (MCC) personnel to incorporate new drift data as the flight
progresses. Likewise, an accelerometer bias is computed and updated to
compensate for inherent accelerometer output errors.

On-orbit alignment of the platforms is a precise navigational procedure.
Each platform is normally aligned after first determining its present or
ientation by taking directional measurements on a pair of stars. These
measurements are expressed as unit Line-Of-Sight (LOS) vectors in a fixed
Aries Mean of 1950 (M50) coordinate system. Through a series of mathema-
tical transformations, using the star LOS data, the 6PC provides the exact
or ientat ion of the plat form.

Two types of star-sighting instruments are provided on the Orbiter to
determine the M50 orientation of the IMU platforms. Two Star Trackers
(S TRK's), aided by the 6PC, electronically scan given segments of space,
locate navigation stars, and track the stars while obtaining LOS data. A
Crew Optical Alignment Sight (COAS) can be mounted at either of two loca
tions within the crew compartment to obtain LOS data on stars when required.
Regardless of the star-sighting instrument used, the GPC interrogates
the data for positive star identification, compares the data with stored
information, and determines the present orientation of the platforms.

The IMU's, S TRK's, and COAS will be described in sufficient detail in
this handbook to allow an understanding of the procedures and techniques
presented in later sections. More information on these items may be foundin Volumes 6, 7, and 12 of the Shuttle Flight Operations Manuals (SFOM's). [

2 . 2 I M U

2 . 2 . 1 F u n c t i o n a l O v e r v i e w

Each Shutt le IMU consists of an al l-att i tude four-gimbal inert ial ly sta-
bilizad platform and associated equipment. The IMU includes the gimbal

2 - 1
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structure, ayros, accelerometers, power supplies, platform electronics,
interface electronics, Built-in-Test Equipment (BITE), thermal control cir
cuitry, and provisions for housing and mounting the various components.
Resolvers within the IMU provide outputs (gimbal angles) proportional to
attitude, and accelerometer channels provide outputs proportional to
changes in velocity. The gyros sense disturbances to the stable element
(platform) and develop signals that drive the platform stabilization loops.Under the control of the Shuttle 6PC, the IMU has the capability of orient
ing the platform to any attitude, determining platform alignment to a ref
erence, and providing velocity and attitude data for flight operations.
The IMU resolvers provide roll, pitch, and yaw gimbal attitude outputs
through the range 0° to 360® for vehicle angular rates up to 35 deg/sec
and angular accelerations up to 35 deg/sec2. The IMU accelerometers pro
vide linear acceleration outputs along orthogonal axes for acceleration
inputs up to 6g per axis.

The IMU gimbal sequence is outer roll, pitch, inner roll, and azimuth.
The outer roll gimbal rotates about a case-supported pivot. The platform
(cluster - consisting of the gyros, stable member, and accelerometers) is
attached to the azimuth gimbal. The outer roll gimbal is redundant to the
inner roll gimbal and is driven from error signals generated from distur
bances to the inner roll gimbal. Gimbal flipping action, resulting in
high rates on the outer roll gimbal, occurs when the pitch gimbal is
displaced approximately 900 with respect to the outer roll gimbal and a
disturbance is applied to the inner roll gimbal. The three IMU cases are
aligned colinearly on the navigation base, so that the IMU case pitch axesare nearly colinear with the vehicle pitch axis, the forward end of each
case being mounted 10.60 + O.50 pitchdown.

The gimbals are gyro-stabilized, using signals derived from two, 2-axis
gyros mounted on a platform connected to the innermost gimbal. The gyrossense cluster motion, their pickoff signals are amplified by the gimbal
loop electronics, and the appropriate gimbals are torqued via direct-drivedc torquers to null the motion sensed by the gyros. Gimbal position can
be controlled by torquing the gyros through high-rate torquers (slew) or
throu^ precise fine torquers (digital pulse) on the gyros under computer
c o n t r o l . ^

Acceleration data is provided by a 2-axis accelerometer (X and Y axes) and
a single-axis accelerometer (Z axis) which, together, form a triad of mutu
ally orthogonal accelerometer axes. These accelerometers are force-rebalance -type accelerometers. The accelerometer proof mass is kept at a
null position by a servoloop. The displacement of the proof mass is
measured b/ the pickoff. The error signal is amplified, and a current pro
portional to acceleration is fed back to the accelerometer torquer to cap
ture the proof mass at null. This current is sensed across a precision
resistor located in the voltage-to-frequency converter (CAPRI). The CAPRI
converts the voltage to pulses (each pulse = 0.034 fl/sec) whose frequency
IS proportional to acceleration. These pulses are accumulated in X, Y
Z up-down counters and transmitted as total velocity components to the'
computer. The accelerometers are mounted on the IMU platform with the
g y r o s .

2 - 3
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IMU. only the heater and blower circuits arc energized.
ThA iMi nominally takes 30 min to achieve warmup and thermal equilibriumi « ,S " " " " . " " j j l u j l ° " ' t 5 . c£ IS™-

r s ; ™ " v i 2 . h . . «
ment is considered insignificant.

!5.j5j"'eSS (S'.j3 srrunup seque^e in which ^ It should be noted that

c i r c u m s t a n c e s .

rsis s:;?- -
in the operate mode, the I(W will J, "̂ â fonriiS on-ô i?"'ô ratio
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the 0 erate mode.

Each MU contains BITE circuitry that monitors the healt. aid̂ t̂atis of_

ie? ?The%"1n'°ad̂tfon temperature, pressure, and operate discretes.

2 - 4



? »

2 . 2 . 2 S o f t w a r e O v e r v i e w

The Orbiter IMU SOP controls and monitors the operation of the three IMU's
and processes IMU data for use by other GPC program elements. The IMU con
trol specialist function (SPEC) display interfaces with the IMU hardware
previously defined to perform the moding functions associated with
the transitions between off, warmup/standby, and operate. The IMU
SOP responds to inputs from the keyboard and provides responses to
the Cathode Ray Tube (CRT) displays, as required. The IMU SOP performs
logic operations on input/output data validity indicators and IMU BITE
data, and it conducts software-aided BITE tests to determine the status
and quality of IMU data. The IMU SOP then reports this status to display
control, redundancy management, and other affected software elements.

The crew interface with the IMU SOP is through the keyboard/CRT and asso
ciated GPC switches. The CRT display (IMU ALIGN, SPEC 21) is used to control
the IMU mode of operation, monitor the IMU status, and align the platform
(fig. 2-2). A full discussion of each item on the display is given in SFOM
Volume 14 .

X X X X / 0 2 1 /
I N u

S T A T
T E N P

S T B T

0 P E R

0 E S

I N U A L I 6 H X X X 0 0 0 / H H : N N : S S
0 0 0 / H H : N N : S $

A L I 6 N X X X

1 l O X S T A R A L I G N 1 3 X

2 1 1 X . 1 4 I N U / I N U X
3 1 2 X M A T R I X I S X

E X E C 1 6 X

T E R M 1 7
A C C

1 2

X t X . X X t t . X X

T t X . X X t X . X X

T * X . X X i X . X X

A N 6

1

X X X X . X X X

T X X X . X X X

Z X X X . X X X

A X t X X X . X i X X

A T t X X X . X ± XX
A Z t X X X . X t X X

3

i X . X X

t X . X X

i X . X X

N A V a V T H R E S H
1 8 i l X X l l l

M M R E A D 1 9 X

( X X )

Figure 2-2.- IMU Alignment display (SPEC).
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A list of IMU SOP modules, including the submodes listed above is given
in table 2-1. The GPC Operational Sequence (OPS) during which each module•laKio'-ic inriirated A complete description of the IMU SOP and its
modules Is given in the Functional Subsystem Software Req.irements (FSSR).Level I SO 7r-SĤ  In the operate mode, the SOP performs various
submode options as follows.

A Terminate/1 die: This option represents the quiescent or default stateô IMU SOP processing. The torque and slew outputs a e set to zero.pLolverâ cellrSr. and BITE data are processed for display when
ever the'lMU control/monitor display is active. This option is not
used in on-orbit operations.

B. A.tUndP determination: The
thP transformation from navigation base to a North/we^i/up

f n"alf sSbseq̂lSropti Snŝ  i nvol 1 gnmen t̂and® cal 1 brati on.
ZcuTn StilifefSv:? an'd rtairdefer̂ fn̂ hroren-

S ̂ rantforalfon/Nteiû atforS? this'Sde is approximately 4
min. This option is not used in on-orbit operations.

"istroma calibrâon ot̂(1)'̂accelerOTeter biasesf scale factors, sym-

position for use in gyrocompassing.
n Prpfiioht alianment; The Preflight Alignment submode ftablî es each

city initializations that establish the navigation reference,
submode requires approximately 45 min.

F Tnprtial operation: The Inertial submode consists of operating the^ in an inert a I state to provide velocity and attitude data forfUgh? computations. The IMU is torqued only to correct for errors
due to gyro drifts.
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TABLE 2-1.- IWJ SOP FUNCTIONAL MODULES AND OPS SEQUENCES

Module Descr ipt ion SOP Module
n a m e

IMU BITE processing IMU_BITE
Accelerometer processing ACP_ACUM
Resolver processing RES_PROC
Giyro torque processing GYO TORO
B I T E s u n i n a r y B I T T ^ S I W

Accelerometer pulse compensa
t i o n A C P _ C O M P

G y r o c o m p e n s a t i o n G Y O C O M P
Accelerometer pulse transfor
m a t i o n A C P _ T R S F

Refe rence t o c l us te r t r ans fo r
m a t i o n u p d a t e T U P D A T E

To r q u e r a t e t r a n s f o r m a t i o n T W l T R S F
L a r g e a n g l e t o r q u i n g L A T F U N C
Least squares fit processing LSF^FILR
Nav base to c lus ter t ransfor
m a t i o n T N B C L

C l u s t e r - t o - c l u s t e r r e l a t i v e
r a t e C L C L R A T E

Sinusoidal excess rate SIl?E_EXRTE

O i s p l ^ s u p p o r t D I S P S U P

♦ T e r m / I d l e T E R M / I D L E
* I M U a t t i t u d e d e t e r m i n a t i o n I M U AT T
♦H a n g a r c a l i b r a t i o n A H A N U C A L A
♦ H a n g a r c a l i b r a t i o n B H A N G C A L B
♦H a n g a r c a l i b r a t i o n C H A N G C A L C
♦ P r e f l i g h t c a l i b r a t i o n P F L T C A L A
♦Gyrocompass alignment 6C AUIGN
V e l o c i t y a n d t i l t V E T T I L T

♦ I n e r t i a l I N E R T I A L
♦IMU on-orbit alignment IMU ORB AL
♦P l a t f o r m p o s i t i o n i n g P L AT P 0 5

X
X (301)

♦Modules are also submodes
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F. On-orbit alignment: The purpose of the on-orbit alignment submode is
to provide an accurate definition of the IMU platform orientation with
respect to inertia! space. This may be done by physical realignment
to known references. The time required for this submode is variable,
depending on which of the several available options the crew choosesto employ. A physical realignment of the platform through large
angles may take in excess of 2 hr.

6. Platform positioning; The platform positioning submode consists of
positioning the platforms to manually-selected orientations to support
checkout. This submode is not used in on-orbit operations.

2.2.3 Preflight Calibration and Alignment

The achievement of required im performance accuracy is based primarily on
ground calibration. The calibrated values of 60+ parameters are ent̂ edinto the GPC prior to each Orbiter flight. Ground calibration is perform
ed at the factory, in the hangar, and on the launch pad. These
tions are both operator and computer-software controlled. Factory testing
is the most extensive, consisting of approximately 125 hr of testing.
Hangar calibration is accomplished several days prior to launch and re
quires about 6.5 hr. During this hangar activity, all three IW s are
calibrated in the operate mode as their platforms are torqued to as many
as 22 predefined orientations (13 for STS-1).
During the hangar calibration, one of two sets of transformation matrices,
describing desired platform orientations relative to the navigetion base
(T NB GCDK is loaded into the GPC. Two distinct sets are available asa contingency provision to allow for alternate launch par̂ ete. s. Both
sets of desired platform orientations provide for the platform- to be skewed
relative to each other. The platform skewing is primarily for redundancy
management purposes and also prevents more than one IMU expern ncing gy'̂ o
flip' at the same time. The actual skews are discussed in par. graph 3.3.
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The launch pad preflight calibration is started no earlier than 15 hr
prior to launch. The calibrated parameters are valid for 17 hr, thus pro
viding at least 2 hr of on-orbit use before degradation. The IMU's will
remain in the operate mode from the beginning of this calibration through
launch. Ihe calibration requires 2.5 hr, during which time each IMU clus
ter is torqued to seven cardinal positions. Accelerometer and drift data
are collected at each position to enable the calibration of accelerometer
biases, accelerometer scale factors, and gyro restraint biases.

A preflight platform alignment, consisting of gyrocompass alignment and
Velocity/" ilt initialization, is performed for each IMU after the pre
flight cal ibration is completed. The purpose of this al ignment is to
position the platforms to the desired orientation (described by T_NBjGCD)
f o r l a u n c h , t o m a i n t a i n t h i s o r i e n t a t i o n u n t i l l a u n c h i n i t i a l i z a t i o n
(T-12 sec), and to provide platform orientation data (T_C_M50 at T-20 min)
to the GPC. This Reference Stable Member Matrix (REFSMMAT) is used to
support launch, orbit insertion, and earl> on-orbit activities, as well
as early flight termination if required. A full discussion of REFSP-WAT'S
can be found in the definitions, section 1.6.

The gyrocompass phase of the preflight alignment positions the IMU plat
forms relative to the navigation base reference systems. The desired ori
entation (T__NB_GCD) loaded into the GPC during hangar calibration is used
for this alignment. Since the navigation base orientation relative to the
launch pad is known, this alignment actually positions the IPW platforms
to a desired orientation relative to the NWU coordinate system whose ori
gin is at the launch pad.

Velocity/Tilt initialization estimates the tilts and drifts experienced by
the IMU's due to the Earth's rotation and gravity effects while waiting
the transition to OPS 1. When the transition command is received (T-20
min), the IMU platforms are released to GO INERTIAL. At this time, the
GPC uses the Velocity/Tilt data, the position of the platforms relative to
the navigation base (T__GCD_P60), the navigation base-to-NWU transform
ation (T__NWU_M50), and a time dependent NWU-to-M50 transformation (T NWU
M50) to compute a Current REFSMMAT (T__C_M50) for each IMU. The Current
REFSMMAT's are also stored in GPC memory as the Desired REFSMMAT's for
on-orbit IMU alignments; i.e., T_DC__M50 set equal to T_C__M50.

If a technical hold is imposed (launch delay encountered) between gyrocom
pass alignment and T-20 min, the inertial orientation of the IMU platforms
(Current REFSMMAT's) computed from Velocity/Tilt will differ from the cur
rent REFSPWAT's expected for a nominal on-time launch. Since many ground
systems supporting the Orbiter's GNC functions use the Current REFSMMAT's,
it is imperative that these ground systems incorporate the REFSWIAT's
computed by the Orbiter software at T-20 min. These REFSMMAT's will be
made available to the ground through Telemetry (TM) downlink.

After transition to OPS 1, Velocity/Tilt compensation is applied to the
gyro torquing signals to compensate for the estimated drift, keeping the
platforms aligned to the MSG coordinate system. This compeisation is
terminated at T-12 sec, when the STS enters flight mode.
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If a technical hold is imposed after transition to OPS 1 (T-20 min), the
computed Current REFSMMAT remains unchanoed; however, Velocity/Tilt driftcom̂nsation may be degraded with a resultant difference between the actual platform positions and the positions described by the Current
REFSMIAT's. If the error exceeds TBD arc sec, the count must regress to
some time prior to T-20 rain so that new Current REFSMMAT's can be comput
ed. If the error exceeds JBO degrees, the count must regress to some time
prior to gyrocompass aligrenent in order to realign the IMU platforms.

2.2.4 Qn-Orbit Alignment and Calibration

Maintaining the required IMU accuracy for the duration f on-orbit reentry operations is primarily a matter of periodically determining the ac
tual M50 orientation of the platforms. Steps can then be taken to adjust
the orientation, change the mathematical f orientation, or
both. On-orbit alignments are performed by the flight crew.
IMU alignments are required for one or more of the following reasons.
A. The platform may move a significant amount frOT the orientation

currently in use by the 6PC (Current REFSMMAT) due to uncompensated
gyro drift induced through mechanical/environmental restraints.

B. Power interruption, loss of 6PC control, or other system anomaly may
cause loss of platform orientation.

C. An IMU may be reactivated from OFF or STANDBY.
D. A more favorable platform orientation may be desired for subsequent

flight activities (new Desired REFSMMAT).
A bias torquing voltage is constantly applied to each gyro's bias torquingcoils to c2mp2nsate for estimated gyro restraint drift. The preces-si on caused by this bias would ideally balance the precession caused by?rg5?o r«??arnis, resulting in an 'output to the platform gimbal torqu-ina ^tors that keeps the platform inertially stable. However, the
actual restraints differ from the estimate, thefrom the inertial orientation stored in 6PC nirect̂ ^An alignment is performed to determine the magnitude and direction of plat
form drift and to initiate corrective action.

The misalignment between the measured platform orientation andREFSMMAT defined orientation is recorded by the crew. The ^val̂ s, and execution time for each alignment is voiced down to tte groundat the next ground station pass. After a series of Restraint
alignment values are used to compute a new estimate ofdrift. The gyro bias voltage is recalibrated as required to maintain thedesired platform accuracy between alignments. The new gyro bias value is
uplinked to the IMU software in the 6PC.
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The effect of IMU alignment Intervals on the gyro bias accuracy, along
with contributing factors, is shown in figure 2-3. A high frequency of
alignments (short intervals) adversely affecting the accuracy of the cal
ibration is apparent from the chart. Although it is not shown on the chart,
a large number of misalignment readings using star sightings (without per
forming alignments) would favorably affect the accuracy. Optimization
of star sighting/aligrMnent scheduling for bias calibration is impractical
because of restraints imposed by other activities. However, the perform
ance curve will be taken into consideration when contemplating a gyro bias
update.

IMU alignments are scheduled to preclude a total platform misalignment
greater than an amount that would adversely affect subsequent flight acti
vit ies. For nominal on-orbit activit ies, the maximum allowable platform
misalignment is 0.34° in any axis. This value was chosen to keep the total
misalignment less than 0.5° and thus enhance S TRK ability to obtain star
data. Entry and payload operations require greater accuracy (0.25°).
For planning purposes, the maximian allowable interval between alignments
is based on an estimated drift rate of 0.015 deg/hr for the first few hours
of fli^t and 0.02 deg/hr for the remainder of the flight. The 0.02 deg/hr
value is based on 1-sigma IMU operation that can be maintained through
gyro bias calibration and update. If for some reason a gyro bias calibra
tion is not performed within 17 hr of the last alignment (ground or on-
orbit), a drift rate of 0.035 deg/hr must be anticipated.

ELAPSED TIME BETWEEN ALIGNMENTS (HOURS)

Figure 2-3.- Gyro dr i f t b ias cal ibrat ion factors.
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Bias Is also applied to the accelerometers' outputs to compensate for vari
ations in the equipment and environment; i.e., electrical characteristics:
friction, temperature gradients, g-loading, etc. This bias is checked bythe ground crew at scheduled times during orbital flight and a calibration
value uplinked, if required. The accelerometer bias check is ̂ rforraed by
collecting accelerometer output data, while the flight crew maintains a
quiescent (non-accelerating) attitude over a ground TM receiving station.The ground crew monitors the velocity counter for 320 sec. A ve
locity pulse (equivalent to 0.034 ft/sec) evident over this time periodŜld equate to an acceleration of 1.06 x 10̂ 4 ft/sec2 or 3.32 g. The
accelerometer bias will normally be updated if accelerometer output is inIxcess of 50 .g. This value allows for deceleration from atmospheric drag,a 10-pg instrLent acuity, and other small perturbations.

2.3 STAR TRACKER

2.3.1 Functional Overview

The STS Orbiter S TRK's are strapped-down, wide Field-Of-View (FOV), image-dJssectina electrHptiwl devias. Their primary funct on is to obtain
precise LOS angular measurements of selected staînhipcts (taroets). They also provide magnitude (brightness) data. Data
from the S TRK's are sent to the GPC's in
downlisted to the ground for use in monitoring the health of th. S TRK
and IMU's.

The S TRK's are physically located in an unpressurized cavity, forward andto the left of the crew station. They are mounted on the "®vigation-baseboom which extends through a bulkhead from the avionids bay containing the
IMU's The -Y axis S TRK certerline is approximately 10.5 from the Orbit-pr ?'axis in tĥ  Ly plane. The -Z axis S TRK centerline is approximately
30 from the Orbiter -Z axis in a plane rotated 41® Arbiter +X axistoward the Orbiter -Y axis. The location and components of the S TRK s
are shown in figure 2-4.

ThP TRK system consists of a tracker for dttecting and processing star/
tarqet position and magnitude, a light shade to allow for star/targetJrâ kin̂at closfanglis to bright sources, end a quartz window in frontnf the tracker lens to protect it from radiation and contamination. Then̂dw alto reflerts thl image of a simulatec star. Light Emitting Diode
(LED), into the tracker FOV for self-testing the S TRK. The shadeLntains a Brî t Object Sensor (BOS) integreted with a nomally closedshutter to protect the S TRK against high soiree whichwould damage it or degrade its performance. The BOS contains an LED toself-test its function. The tracker is also provided with a video signalovercurrent sensing circuit that will issue n signal to close the shutterin the event the dynamic range of the S TRK s in danger of being exceeded.
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Figure 2-4.- View looking into S TRK cavity.

The tracker uses a magnetically focused, magnetically deflected image dis
sector tube as shown in figure 2-5. The total FOV is a 10° square that
can be completely scanned in 10 sec. The GPC software can dictate a 1°
square offset scan to search for a specific star. A cruciform track scan,
centered on the light source, is initiated when the star is detected.
The tracker will search out and acquire items of a +3 to a -7 magnitude.
This includes the 150 brightest navigation stars.

When power is applied to the S TRK system and no mode other than term/idle
is commanded, the S TRK will automatically start searching the total FOV.
The search scan pattern is a left-to-right, right-to-left Horizontal (H)
axis sweep. A staircase signal is applied to the Vertical (V) axis to
move the horizontal scan progressively from top to bottom (raster pattern).
The search scan continues until the first star or target that exceeds the
commanded threshold level is encountered. When this occurs, the star/tar
get is acquired and track scan begins.

The track scan pattern (cruciform) centers on the star image and provides
two-axis position signals at the system output. If the star moves within
the FOV, due to small vehicle attitude changes, the track scan pattern will
follow and remain centered on the star image. Tracking on the same star
continues until (1) it leaves the total FOV, (2) its magnitude falls below
the commanded threshold, or (3) the system receives a BREAK TRACK command
from the GPC. When one of these avents occurs, the search scan resumes
and will search the remaining portion of the total FOV.
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Figure 2-5.- Star Tracker operation
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If the S TRK is commanded to a reduced FOV (offset scan) and a star is
acquired, it will track that star throughout the total FOV as described
above. If the star is lost for the same reasons as above, the system will
return to the reduced FOV position originally commanded and start a search
s c a n o f t h a t F O V.

The S TRK system may be commanded to perform a self-test by the GPC. In
self-test, the S TRK generates a simulated star which is returned into the
FOV by a reflective surface on the protective window and is acquired and
tracked. The S TRK shutter is commanded closed during the self-test through
activation of the BOS by a separate light source. The angular position
and magnitude of the simulated star is compared with stored values within
the S TRK to determine if the system is within operational accuracy require
ments. At one point in tfie self-test, erroneous data is used to verify
proper operation of the B TE. The crew will be advised (via the SOP)
whether the S TRK passes or fails the self-test.

Doors in the Orbi ter 's outer surface must be opened to al low the S TRK's
to track on stars or targets. Each S TRK door is equipped with a primary
and secondary motor for redundancy. The door opening circuits are cross-
wired so that the control logic of both primary motors is enabled from one
door control switch (system 1) and both secondary motors from the other
switch (system 2). The door motor control logic requires that power be
applied to a given S TRK in order to apply power (3* ac) to the motor(s)
to open the door covering that S TRK. The presence or absence of power
to the S TRK has no effect on closing the door. Both door control systems
may be activated simultaneously to reduce opening/closing time from 12
sec (one motor) to 6 sec (two motors).

2 . 3 . 2 S o f t w a r e O v e r v i e w

The S TRK SOP controls and monitors the operation of the two S TRK's and
processes S TRK data for use by other program elements. The S TRK SOP in
terfaces with the S TRK hardware to perform the moding functions, tracking
funct ions, data enhancement and se l f - tes ts shown in tab le 2-1 I . The S TRK
SOP responds to inputs from the keyboard and the navigation function and
provides response to the CRT display (fig. 2-6). The S TRK SOP also pro
vides alignment data to the I ML) SOP. When the S TRK is in the operate
mode, the S TRK SOP will respond to requests to perform various submodes
in support of IMU alignments as follows.

A. Terminate/Idle: This submode terminates processing associated with
other submodes and sets S TRK output commands to the nominal idle
c o n d i t i o n s .

B. Self-test: This submode tests the ability of the S TRK to acquire and
track a simulated star. Star Magnitude (SMAG) and position data are
checked against hardware prestored values for reasonableness. Pass
or fail status is made available for display on the CRT (SPEC 22).
The time required is approximately 10 sec.

C. S TRK: This submode accepts either computer- or crew-selected star
identification numbers and issues the required outputs to the S TRK's
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fnr offset scan mode or full field scan mode search. S TRK/star LOS
data are compared to determine If the star is within the S TRK FOV.drta are compensated for optical and celestial aberĵ tion

AnoroDriatG stdtus displays are made available to the crew.TheTm SSlTs nS?mally uJilfzed whenever an IW is sufficient y
alianed to provide a suitable inertial reference. If a crew selected
star is input, this submode will return to term/idle at the completionrfon̂  search cycle. If stars of opportunity are to be selected, this
submode will continue until term/idle is requested.

n rnas sinhtino and Calibration: These submodes perform computations
aŝciated with COAS star sightings. Star LOS vectors are computedfor each star sighting and ai'e stored for subsequent IW alignment cal
culations or to support on-orbit calibration of the COAS.

A target track submode and a target track opWon f ̂ OAS ®utoô  are
available in the S TRK SOP. These submodes do not pertain to IMU align
m e n t s .

TABLE 2-II.- ST SOP FUNCTICMIAL MODULES

Module Description

* S T t e r m i n a t e / i d l e

* S T s e l f - t e s t

♦S t a r Tr a c k

♦Target track

S ta r i n fie ld -o f - v iew tes t

S t a r c o n fi r m t e s t

Sighting data filter routine
♦COAS sighting

♦COAS calibration

ST/COAS star location

ST control/monitor display support

Module Name

ST_TERM__IDLE

ST__SELF__TEST

STAR__TRACK

tar6Et_tiv:k
FOV TEST

STAR_CONFIRM

DATA__FILR

C0ASJI6H

COAS_CALIB

ST̂COAS
DISP SUP

♦Modules are also submodes
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Figure 2-6.- Generic S TRK/COAS CNTL display.

2 . 4 C O A S

2 . 4 . 1 F u n c t i o n a l O v e r v i e w

The COAS is a manually operated navigation instrument consisting primarily
of a light source, a reticle lens, a collimating tube with objective lens
focused at infinity, and a combining glass. To use the COAS, the crewman
sights on the selected star through the combining glass upon which the ret1cle pattern is projected (fig. 2-7). A crewman/software interface is pro
vided to 'snapshot' Orbiter and IMU platform orientation data at the crew-
man's coninand (mark). These data are used by the 6PC to determine star
actual-LOS variation from software computed-LOS for use in calibrating the
COAS or aligning the IMU's. The COAS must be calibrated on-orbit, using
an aligned IMU, to meet subsequent IMU realignment accuracy requirements.
The COAS, which is stowed when not in use is previded with a precision
mounting plate to allow installation in either (f two positions. One moun
ting bracket is located adjacent to the starboard overhead window (W7).The COAS mounted in this bracket is said to be 'n the -Z position. Stars
sighted through the overhead window will have a LOS parallel to the -Z
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dynamic body axis. Likewise, when the COAS is mounted in a bracket above
the port forward window (W3), it is in the +X position.

An aperture stop is provided to assist the crew in sighting on a star by
reducing the field of view. A filter is also provided for use in sighting
on targets in daylight. The aperture and filter both clip on the COfo
lens mounting bracket and they cannot be used simultaneously.

2 . 4 . 2 S o f t w a r e O v e r v i e w

The COAS software is a portion of the S TRK software. The COAS submode
of the S TRK SOP does not interface directly with the COAS hardware. The
crewman uses the keyboard (S TRK/COAS control display, fig. 2-6) to tell
the GPC in which position the COAS is mounted, the desired mode of op
eration (calibration or sight), and the star at which the COAS is pointed.
The GPC assigns the Attitude Reference pushbutton (AH REF pb) the alter
nate COAS/star mark function when either COAS mode of operation is select
ed. The ATT REF pb remains a mark initiator until such time that the COAS
mode is deselected or a S TRK control mode is selected.

The crewman informs the GPC when the star is in the center of the COAS
by pressing the AH REF pb (marks on the star). The GPC records the
Orbiter attitude data (IMU gimbal angles) at the instant the mark is in
itiated to determine the LOS vector to the star. These data are used
to compute the COAS LOS offset from the prime body axis (+X or -Z) for
COAS bias calibration or to determine the IMU platfonn misalignments (two
marks required), depending on the mode selected. The GPC feedback to the
crewrnan is through the CRT display. Although the COAS modes and the S TRK
modes cannot operate simultaneously, there is an S TRK SOP module that
prov des -Z S TRK star position data to the crewman in -Z C0A3 coordinates
(body coordinates for future S/W releases). This feature all)ws visual
veri-Mcation that the S TRK is tracking the correct star.

2 . 5 S TA R S

2 . 5 . : , S t a r C a t a l o g

Epheineris data for designated navigation (NAV) stars are I-loaded into GPC
memory for use in performing on-orbit IMU alignments. These stars are also
mark ad on Flight Data File (FDF) tables and charts to assist the crew in
s t a r a c a u 1 s i t 1 n n w h p n n p o H o r i T h o m .star acquisition when needed. The STS star catalog contains 50 of the
approximately 150 stars that fall within the S TRK's specified detecti
c a p a b i l i t y.

Critaria for choosing the 50 STS NAV stars to be in the catalog are as
f o i l o w s .

A. Apollo NAV stars: Apollo NAV stars thct met the magnitude require-
nents of the STS S TRK were chosen to form a baseline because the
flight crewmen were already familiar w th these stars.
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R. !;Datia1 distribution: Stars were picked to fill the gaps in the
celestial sphere left by the Apollo NAV stars. Consideration was
given to the predicted orbital flight path of the Orbital Flight
Test (OFT) flights when filling the gaps.

r rplestial density; Stars that fell within a 5° angular separation
frm another NAV star or cluster of non-NAV stars were avoided when
possible.

D. Briqhtness: Consideration was given to visual magnitude to allow for
use with the COAS. The brightest stars were selected when other en-
t e r i a w e r e m e t .

The 50 STS NAV stars are listed in table A-I in the appendix, along withtheir visual magnitude, S-20 (S TRK ŝ sitivity)
position. The stars are numbered in descending order of brightness tegin-n̂g with niffliber 11. These nisnbers are the S TRK SOP I;;loa<tedID numbers. ID numbers 1 through 10 are reserved for tte Sun, Moon, Earth,and other celestial or orbiting objects. Star nimber J® is an exaption
in the order of magnitude due to a substitution after the original 50 starsw2re cataloged. Celestial maps showing the NAV stars are included in the
appendix.

2.5.2 Star Selection for Alignments

Anv two stars in the S TRK's catalog may be used to align the IWJ's.
However alignment accuracy improves as the LOS separation approaches
from either direction as shown in figure 2-8. Other factors affectingIMU alignment accuracy will be discussed or the^crew when
for IMU alignments may be accomplished by either the GPC or tte crew wnen
using the S TRK. The crew must select the stars when using the COAS.
In the S TRK's automatic (GPC) star-selection mode, the S TRK SOP us.s
the star catalog to dete mine which stars fFOV and obtains the necessary data on the 'mailable stars. The S TRK S
Dresents data on up to t iree stars in the Star Sighting Table (SSn the CRT display (fig. 2:6) and s®le<=ts two st̂s (a
best satisfy I-load crit.Tia to use for IMU dignment. The criteria useo
brthrsiftware in deternining which stars' oata to retain for display
in the S TABLE are as follows.

A. Data on a newly-acquired star are always retained if the data are de-
termined to be valid.

B If the S TABLE is al -eady full when a nev (fourth) star is acquired,
the SOP looks for a .tar whose data are cider than a specified
loaded) value for el imination.

C If none of the star iata ^s older than the specified value when"ou?th star is acqui-ed, ihe pair of sta. s whose LOS separation angle
is closest to 900 is retained.

D. If two pairs can be formed with the same LOS separation angle variance
from 90O, the pair with the most current data is retained.
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E. After the pair of stars for retention is determined, data on the old
est of the remaining two stars are deleted to make room for the new
s t a r ' s d a t a .

The S TRK SOP also uses the LOS separation angle variance from 90° to
determine which star pair in the S TABLE to select for IMU alignment.
When a star pair's variance is within the I-loaded specified value (55^
for OFT), the software notifies the crewman via the CRT (Align Enable,
SPEC 21}. If more than one pair is within the I-loaded value, the pair
closest to 900 is chosen. Whether or not the software designates a star
pair, the crew may still select any two stars from the table via keyboard
e n t r y .

For OFT IMU/ST/COAS activities, the crewman maneuvers to an attitude which
points the sighting instrument's LOS to specific navigation star(s) to
be tracked. The crewman is assisted in his choice of stars by the Crew
Activity Plan (CAP) which provides star ID'S, names, separation angles,
and Orbiter attitudes for scheduled alignments. The criteria used to
choose the stars contained in the CAP are as fo l lows.

A. Scheduled time of alignment: The time of the alignment determines
which part of the celestial sphere is visible when consideration is
given to occultation by the Earth, Moon and Sun. The orbital trajec
tory of an individual flight dictates how long each star is visible.
Stars are selected that are available for a minimun of 10 min for S
TRK sightings and 20 min for COAS sightings. These times allow for
v e h i c l e m a n e u v e r s .

COAS Sightings
(COAS Cal based on ground
al igned IMU'^2 1/2 hr pr ior
to infl igh t ca l ib ra t ion )

COAS Sightings
(COAS Cal based on flight
aligned IMU immediately
preceding the calibration)

Star Tracker Sight ings

10 30 50 70 90 110 130 150 170

Separation Between Stars, Degrees

Figure 2-8.- Effect of star pair separation on IMU alignments



B. BHoht object avoidance: Stars in close proximity to planets or clus
ters of non-MAV stars were not selected. These light sources, as well
as the Sun, sunlit Earth^and sunlit Moon could interfere with efficient
acquisition of the desired NAV star.

c. Rimhal flip avoidance: Stars that require a vehicle attitude causing
an IMU to operate in the gimbal flip region (pitch gimbal within 3 of
either go® or 270°) were not selected. A high gimbal rate associated
with the gimbal flip could result in the IMU's present platform position
being miscalculated, leading to a gross misalignment when a minor realign-
ment was attempted.

n *;tar seoaration: Star pairs have been chosen that have approximately
900 separation between their LOS's in order to provide maximum IMJ align
m e n t a c c u r a c y.

E. S TRK oeometrv: The CAP calls for both S TRK's to obtain star data^
simultaneously in order to avoid having to maneuver to two differentattitudes. The FOV centerline of the two S TOK's ar̂  InG'Irf laches TRK
an angle of 87.65° as shown in figure 2-9. Since the FOV ̂  each S TRKis a 10° square, theoretically, a star pair separation within 10 of
87.65° would satisfy this criterion. However,
deadbanding and to avoid loss of track, a separation range within 5°
of 87.65° is required, with those within 3° being preferred. The star
pairs which meet this criterion are shown in table A-II.

♦Xfl
COAS Optical

A x i s

Figure 2-9.- S TRK/COAS geometry.
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F. CPAS usage: In addition to being used as a backup star data acquisi
tion device, the COAS may be used to verify the star being tracked by
the -Z S TRK as discussed in paragraph 2.4.2. To assist in both of
these fJ notions, the star pairs chosen for IMU alignments are easily
located and ident ified v isual ly.

G. One S TRK usage: Stars which meet the preceding criteria will also
support one S TRK operation. As is the case with the COAS, an addi
tional maneuver will be required when only one S TRK is available to
o b t a i n d a t a o n b o t h s t a r s .

H. Special note: Although the star Sirius is in the STS NAV star cata
log, it will not be scheduled for S TRK sightings on STS-1 due to a
suspected problem with reflected lights in the S TRK optics. A bright
light source may cause a reflected image bright enough to be tracked
by the S TRK. The reflected image's data should be rejected by the
S TRK SOP; however, Sirius (the only star in the catalog bright enough
to reflect a detectable image) will not be used as a precaution on
t h i s fi r s t fl i g h t .

The detailed procedure for computing the vehicle attitudes given in the
CAP for obtaining star LOS data is presented in the Attitude and Pointing
Procedures Handbook, JSC~10511. Briefly, the procedure involves pointing
one instrument's (S TRK or COAS) centerline at a candidate star, then
rotating about this centerline until the second star lies as close as pos
sible to the second instrument's centerline.

2.6 ALIGNMENT OPTIONS

2 . 6 . 1 S t a r - A l i g n

The primary IMU SOP alignment option uses star LOS data to determine the
present attitude of the IMU platform. This attitude is defined by thePresent REFSMMAT (section 1-6). Misalignment angles (ANG AX, AY, AZ; SPEC
21) between the present attitude and desired attitude are computed asshown in paragraph 2.6.7 for each operating IMU. The IMU is aligned by
physical movement (torquing) of the platform until the misalignment anglesare zeroed. The platform is moved slowly (0.417 deg/min) by means of
additional torquing pulses applied to the gyros. This slow movement allows
the IWJ to continue providing valid inertial reference data. After the
d«cu2S •repositioned, the Current REFSMMAT is set equal to the Desired
REFS^T, if they are different. A difference in these two REFSMMAT'scould result If a matrix alignment (paragraph 2.6.5) had preceded the Star-
Align or if a new Desired REFSMMAT had been uplinked prior to the alignment.
NOTE: Some of the following subsections discuss platform alignment accu-

alignment errors. The total expected error is computedby finding the Root of the Sum of the Squares (RSS) of the contributing
e r r o r s .
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TABLE 2-I1I.- ST/IWJ ALIGNfttNT ERRW BUDGET

SOURCE ERRORS

Ins ta l la t ion measurement e r ro rs
(IMU bench installation)

S t a r T r a c k e r
IMJ

1 4 a r c s e c
1 4 a r c s e c

Line Replacement Unit (LRU) reinstallation errors
Star Tracker
m

2 0 a r c s e c
2 0 a r c s e c

Navigation base thermal bending
(Star Tracker to IMU) < 1 5 a r c s e c

IMU stable member errors

Pitch to outer roll gimbal
Case to outer roll gimbal
R e s o l v e r e r r o r s

3 0 a r c s e c
2 8 a r c s e c
4 4 a r c s e c

Star Tracker error (line-of-sight with respect
to case) 4 2 a r c s e c

TOTAL ALIGNMENT ERROR (RSS l-signa/axis!

All source errors 1-signa
B-si^na error for Star Tracker only

8 2 a r c s e c
145 a r c sec

2 . 6 . 2 S t a r - A l i g n A c c u r a c y

IMU alignment accuracy Is affected primarily through errô
the star sighting instrument, physical relationship between the sighting
instruments and the IMU platform, and platform positioning. COTputer pro
grams have been developed to simulate, scale, and model IWJ performanceusing ground test and specification data. The predicted accuracy valuespresented in this handbook are the results of these cOTouter progr̂ s andtechnical analyses as presented to the on-orbit flight techniques panel.
The error budget for an alignment using S TRK LOS data is shown in table
2-III. This table does not consider the several possible variations in
method of obtaining star data; i.e., manual star selection. autOTatic star
selection, two S TCK's, one S TRK, etc. The l-signa alignment error value
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TABLE 2-IV.- ST/IMU ALIGNMENT VS. STAR PAIR SEPARATION

The on-orbit 1-sigma Star Tracker/IMU realignment uncertainties
with various star pair separation angles are as follows:

Star pair separation
(degrees)

1-Sigma realignment uncertainties
(arc sec/axis)

of 82 arc sec per axis is based on a star pair separation angle of 90°
with star data having been obtained with 1-sigma S TRK's and 1-sigma IMU
operation. The 145 arc sec value is based also on 90° star separation
and 1-sigma IMU operation, but with 3-sigma S TRK's. Greater confidence
can be placed in the latter case because the S TRK's operate independently
while the 3 IMU's are redundant. The effect of various star separation
angles on the alignment was shown in figure 2-10 from data presented in
t a b l e 2 - I V .

The error budget for an IMU alignment using the -Z COAS to sight on stars
90° apart is presented in table 2-V. An error budget for the +X COAS is
approximately of the same magnitude and will be included in later editions
of this handbook. Since the COAS must be calibrated prior to use, the
COAS/IMU alignment budget is based on the following assumptions.

A. COAS remains in -Z position after calibration

B. Ground-aligned IMU-based calibration performed at 02:23:00 MET, 1-
sigma IMU alignment error equal to 160 arc sec per axis

C. S TRK-aligned IMU-based calibration performed back-to-back with the
S TRK/IMU alignment, 1-sigma IMU alignment error equal to 82 arc sec
per ax is ( tab le 2- I I I ) .

D. Error budget for all included errors are random.
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TABLE 2-V.- COAS/IMU ALIGNMENT ERROR BUDGET

SOURCE ERRORS

Ins ta l l a t i on measurement e r ro r
(IMJ bench installation)

LRU reinstallation errors (line and on-orbit)
IMJ COAS
COAS

Navigation base thermal bending
(IMJ to NAV base)

Structural deformation (overhead window)
Cabin pressure variation; -Z(+X)
Temperature variation
Glass bending

Vehicle dynamics

C r e w v i s i o n

IMU stable member errors (stable member
with respect to case)

Pitch to outer roll gimbal
Case to outer roll gimbal misaligrment
R e s o l v e r e r r o r s

14 arc sec/axis

2 0 a r c
2 0 a r c

s e c / a x i s
s e c / a x i s

<15 arc sec/axis

s e c / a x i s
s e c / a x i s

7 5 a r c s e c / a x i s

3 0 a r c
2 8 a r c
4 4 a r c

s e c / a x i s
s e c / a x i s
s e c / a x i s

COAS instrument error (Parallax) 52 ai
COAS on-orbit calibration error (reference dependent)*

52 arc sec/ax is

Ground aligned IMU as reference
On-orbit Star Tracker aligned IWJ

(1-sigma Star Tracker)
On-orbit Star Tracker aligned IMU

(3-signa Star Tracker)

174 arc sec/axis

13/ ai c sec/axis

181 arc sec/axis

TOTAL ALIGNf^NT ERROR
(RSS 1-sî a/Axis/Star measurement using the following for

cal ibrat ion basis)

Ground aligned IMJ; -Z(+X)
Star Tracker aligned IMU; -Z(+X)

(l-sigpia Star Tracker)
Star Tracker aligned IMU; -Z(+X)

(3-signa Star Tracker)

215 (210) arc sec/axis

187 (181) arc sec/axis

221 (216) arc sec/axis

* Includes some of the same errors as above
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The budget considers COAS calibrations based on both preflight (ground)
and on-orbit aligned IMU's. This is necessary since the first calibration
will be performed prior to the first on-orbit IMU alignment. The effect
of star LOS separation angles on COAS/IMU alignments is shown in table
2 - V I .

TABLE 2-VI.- COAS/IMU ALIGfWENT ERROR VS. STAR PAIR SEPARATION

The on-orbit 1-sigma COAS/IMU realignment uncertainties with
various star pair separation angles are as follows.

Star pair separation
(degrees)

1-Sigma realignment uncertainties
(arc sec/axis)

-Z(+X) COAS
c a l i b r a t e d t o
ground aligned IMU

-Z(+X) COAS
c a l i b r a t e d t o
ST aligned IMU
(SPS = 90 deg)

372 (369)
261 (257)
224 (219)
215 (210)
224 (219)
261 (257)
372 (369)

324 (321)
227 (222)
195 (189)
187 (181)
195 (189)
227 (222)
324 (321)

2 . 6 . 3 m i / I M U A l i g n m e n t

This alignment option differs from the Star-Align option in two areas.
First, one IMU is considered to be already sufficiently well aligned to
be used as a reference in lieu of star data. Secondly, if an IMU other
than the reference is to be aligned, the platform is moved rapidly by ap
plying slewing signals to the gyros. The platform gimbals drive (at 1.2
deg/sec) until the platform is within P of the desired position. The
platform is then slewed past the desired position for a given number of
seconds (20 for OFT) and slewed back for an equal number of seconds to
eliminate slew-direction sensitivity. The IMU is removed from the Redun
dancy Management (RM) selection filter while the platform is being slewed.
The reference IMU platform is not slewed. Final positioning is done by
torquing the gyros as is done in the Star-Align option except that a
maximum torque time is set (120 sec) rather than a required time being
calculated. If the misalignment is nulled prior to the set t ime, the
alignment is terminated.

There are three suboptions. of the IMU/IMU alignment option. These sub-
options are presented here to assist in understanding the similarities
a n d d i f f e r e n c e s .
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0 Option A: IMU i v. One or both.may be selected
IMU j / for alignment
IMU k — Selected for reterence only

0 Option B: IMU i n. One or both may be selected
IMU j y for alignment

|( —Selected for alignment and reference

0 Option C: IMU i ̂  Neither selected for alignment
I M U j ^ _
IMU k —Selected for alignment and reference

Opt ion A

0 Assume both IMU's 1 and j are selected to be aligned to reference IMU k
0 Compute Present REFSMMAT's for operating IMU's using Current REFSFMAT

for IMU k and resolver data for pertinent IMU s.
T PC(i) M50 = [T C(k) M50] [T NB FC(k)]*[T_PC(i)_NBl*^ = [rc(k)3i50] [rpcTi )_pc(k)]-
T PC(j) M50 = [T C(k) M50] [T NB FC(k)] [T PC(j)_NB]- = [rc(k)3i50] [rpcT. )_pc(k)]-

T PC(k) M50 = [T C{k) M50] [T NB PC(k)] [T_PC{k)_NB]- = ■r c ( k ) 3 t 5 o - "

*Resolver data

0 Determine misalignment (torquing) angles for IMU i and IMU j using the
respective Present REFSMMAT's and Desired REFSMMAT'S.

0 Remove IMU i and IMU j from RM selection filter.
0 Slew and torque out the misalignment incrementally using the Large

Angle Torquing (LAT) function.
0 Update displayed misalignment angles, as required.
0 Set Current REFSMMAT for IMU i and IMU j equal to their respective

Desired REFSMMAT's.

o Reinstate IMU i and IMU j to RM selection filter.

Option B

0 Assume all IMU's (i, j, and k) are to be aligned with IMU k selected
by the crewman to be the reference.
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0 Perform alignment for IMU 1 and IMU J same as option A.

0 Compute Present REFSMMAT for IMU k using the new Current REFSMMAT of
IMU 1 (computer selected to be pew reference) and resolver data from
IMU 1 and IMU k.

T_PC(k)_M50 = [T_C(i)_M50] [T_NB_PC(i)]*[T_PC(k)_NB]*
= [T_C(i)_M50] [T_PC(k)_PC(i)]

*Resolver data

0 Determine misalignment angles for IMU k using the Present REFSMMAT and
Desired REFSMMAT.

0 Remove IMU k from RM selection filter.

0 Slew and torque out the misalignments using LAT function.

0 Set iMU k's current REFSMMAT equal to its Desired REFSWAT.

0 Reinstate IMU k to RM selection filter after slewing is completed.

Option C

0 Assume only IMU k is operating and is to be aligned to a new Desired
REFSMMAT (i.e., new Desired REFSMMAT uplinked since last alignment).

0 Determine Present REFShWAT by setting it equal to the Current REFSW1AT.

TJC(k)J150 = TJ(k)J150
0 Determine misalignment angles using the Present and Desired REFSPWAT's.

0 Incrementally torque out the misalignment angles (does NOT slew).
0 Update display, as required.

0 Set Current REFSMMAT equal to Desired REFSMMAT.

The IMU/IMU alignment options A and B are useful when platform attitudes
are several degrees from the desired attitudes. Option C is a means to
change the platform position when only one IMU is operating and should
only be used for very minor (i.e., less than 1°) adjustments. Option A will
be used on STS-1 after the new Desired REFSMMATs are uplinked and if IMU's
are reactivated while on-orbit. Options B and C are not available in the
software for STS-1. Option B will be used for Desired REFSNWAT updating
on later flights. Operational use of option C has not been identified.
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TABLE 2-VII.- IMU/IMU ALIGNMENT ERROR BUDGET

E r r o r S o u r c e

Ref IMU CI to M50

Ref IMU CI to case

R e f I M U i n s t a l l e r r

NB pad to pad error

NB bending pad to pad

Align IMU install err

Align IMil cl to case

RSS 1-sigma/axis
3-sigma axis

l o E r r o r l o E r r o r
o e r a x i s 3 a x i s

0 0

6 0 1 0 3 . 9 2

. 20 3 4 . 6 4

14 2 4 . 2 5

13 2 2 . 5 2

20 3 4 . 6 4

6 0 1 0 3 . 9 2

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

2.6.4 IWl/im Alionment Accuracy

The oredicted errors for an alignment of one I(*J when a second IW is used
as the reference is shown in table 2-VII. The 1-signa error of 91.5 arc
sec per axis does not allow for any error to^to M50. The predicted alignment error of the reference IH) would have to
be included in the given RSS value.

2.6.5 Matr ix Al ignment

Thi«; ontion differs from the Star-Align option in that the computed mis-
liJTtiLSŜ lnd'J'hl̂ Ŵ clTrrent̂ ^̂ ^̂
ipl 1 t!ted*̂cf tp?Sv1 ois Slig™ent""tte'misaVign̂nt w11̂  be thes^ as those obtained in the Star-Align option. The matrix alignment option is useful when the platform is misaligned by several ̂ 9̂ ®" ®
is no compelling reason to maintain a particular (skew)
relative to the other IMU platform or to the MSO coordinate system.
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2.6.6 Matrix AVigoment A^cj^nftgy

The accuracy of this type of allgnmeni Is nearly the same as that given in
table 2-IV for the Star-Align option.

2 .6 .7 M isa l ignment Ang le Computa t ion

Misalignment angles are presented on the CRT (fig. 2-7) to assist the
crevflian in deciding whether to proceed with the alignment or change align
ment options. The misalignment values (ANG AX, AY, AZ) given for each IMU
on SPEC 22 indicate the difference between the Orbiter's inertial attitude
based on two different inert ial references. The first reference is the
IMU platform position as described by the Present REFSMMAT. The second
reference is the IMU platform position described by either the Desired or
Current REFSWIAT, depending on which IMU alignment option is selected.

It may be noted that the Orbiter inertial attitude based on the Current
REFSMMAT is presented on the display. The attitude (ANG X, Y, Z) given is
an Euler angle rotation of the body axis from the M50 axis, i.e., ANG X,
Y, Z are the angles about the respective axis through which the Orbiter
would have to be rotated sequentially (roll, pitch, then yaw) to coincide
with the M50 axis. If all operating IMU's were properly aligned, these
angles would be the same for a given axis regardless of the skew between
IMU platforms.

The misalignment angles are computed by the IW) SOP using appropriate
REFSWIAT's as fol lows.

ANG AX, AY, AZ are a function of a directional cosine matrix (T).
ANG AX, AY, AZ = f T

With the Star-Align or IMU/IMU option selected, T is derived from the
Present REFSMMAT and Desired REFSMMAT.

T = [T_PC(k)_̂ M50] [T_M50_DC(k)]
For the matrix align option selected, T is derived from the Present
REFSWAT and Current REFSMMAT (transposed).

T = [T__PC(k)_M50] [T_M50J(k)]
The use of T in deriving the ANG AX, AY and AZ values is the same regardless
of the option selected. The matrix is first changed to a quaternion.

T = M_CB_I-»-Q_CB_I

where Q_CB_I is the equivalent quaternion of matrix M__CB_I
Each element of the quaternion is then used to determine the misalignment
angles.

2 - 3 1



» 5

^ = .(A) (Q CB I(2))/BB
AY = -(A) (Q"CB-I(3))/BB
ffl = -(A) (Q"CB"I(4))/BB

where A Is the Eigen angle of rotation

A = 2 ARCSIN(BB) X 57.29578 deg/rad
BB = [(Q_CB_I(2))2 + (Q_CB_I(3))2 + (Q_CB_I(4))2]l/2

uhpn n Diatform is being torqued to a new position, the misalignment
anglet will rupdateJ Snce every 2 sec {sample rate , However, when aDiatform is being slewed to a new position, the misalignment angles arerecomputed once every 0.3 to 20 sec, depending on the absolute val"® ofJKsa??9̂nt!̂ i:e update rate will t|.o%vary fr̂  every sec
fcamnie r*tp^ to oncfi everv 20 sec. At the end of piattorm slewing, tnerc
will be a 40-sec gap between misalignment angle update as theSlewed p«t the dlsired position for 20 sec and then reversed for an addi
tional 20 sec to null out directional sensitivity.
NOTE: During digital torquing the updated "jisalignment angle v̂ues are
SeSTaCê  Talfd̂rrfsorverdrinSthSst Ŝrefl̂êc? the actual
movement of the platform.
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A s s u r y j i o N S .
SECTION 3

GUIDELINES AND :ONSTRAINTS

3.1 ALIGNMENT MAINTENANCE

During the Operational Flight Test (OFT) program, special consideration
will be given to Inertial Measurement Unit (IMU) platform alignment main
tenance. This section will present pertinent operational decisions which
influenced the procedures and their prospective use on OFT missions.

3.2 STAR TRACKER I-LOADS

Many parameter values are I-loaded into General Purpose Computer (GPC) mem
ory prior to each flight. Of special concern when developing and using the
IMU alignment procedures are those parameter va ues associated with the Star
Track (S TRK) Software Operating Procedure (SOP) for collecting and evaluat
ing star Line-of-Sight (LOS) data. Since all the alignments on OFT missions |will be made using data on specific stars obtained while the vehicle is hold
ing at a specific attitude, with the crew being the final data filter, some
of the I-loaded acceptance criteria are more lenient than will be the case
for later flights. This leniency is primarily to allow for some tolerance
on the system's performance as predicted by mathematical analysis. Without
the tolerance, the software may prevent a si^t ng or discard sighting data
without allowing the crew the prerogative of further evaluation.

Key S TRK Limits (LIM) and Tolerances (TOL) I-loaded for early OFT are as I
f o l l o w s . '

BA. ST Output Back Difference (TOL 6), 0.0244°: A S TRK sighting is
comprised of 21 marks on the stars that are averaged. After each of
the 21 marks other than the first mark, the software does a reason-
ability check to see if the last mark is within TOL 6 of the next tolast mark. Based on hardware performance specs and analyses, TOL 6
could be 0.122°. To be ultra-conservative, the analytical estimate
w a s d o u b l e d .

B. Angular Body Rate Limit (TOL 8), 0.75 deg/sec: If the measured Orbiter
rate of angular rotation in any axis exceeds the I-loaded value during
a sighting, the sighting will be discarded. The S TRK will track with
rates up to 0.2 deg/sec with guaranteed accuracy and at rates up to
A slightly degraded accuracy. Approximate error will beadditional 0.3 deg/sec rotation. All early
So °sed for alignments will be done at attitude hold with' ^ 0.2 deg/sec or smaller rates. The value is placed at 0.75° to allow
sightings at higher attitude maneuver rates between alignments.

C. Star Pair Separation Angle Difference (TOL 10), 0.2° (.001490659 rad):
If, during S TRK SOP interrogation of the sighting data, :he difference
between the reasured star pair separation angle and actual separation
angle is greater than TOL 10, the sighting is discarded. If only oneother star is in the star table, that star's sighting data is also
d i s c a r d e d .
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Based on 3-siana S TRK operation the value could be limited to 0.08«.
The limit was opened up for STS-1 to 0.2 in order to provide a margin
for error on the analysis and to obtain data on as many sighting as
possible. The actual acceptance of data for « ANr®by the crewman using 0.09° as the criterion. This is shown as ANG
ERR on the SPEC 22 display.

Star LOS Rate Limit (TOL 12). 0.03 deg/sec (2.78x10-̂ ): This limit Iis set to preclude accepting data on debris, ice crystals, satellitesor celestial bodfes otĥ r than stars. The S TRK requires 3.2 secto take 21 sighting marks on an object being tracked. If during this"me there i a shift in the inertial position of the object, thelighting data is discarded. Although the limit is designated as arate, the I-loaded value is the square of the '"Slw ̂ asetwe^n the first and twenty-first LOS vectcp. Current IMU, NAV base,and's TRK models predict an angle of 0.06E between vectorŝ  uê ^
to hardware and computational errors. This eQuate first and
deg/sec when divided by the 3.2-sec time lapse between the first andtwLty-first sightings. To provide a margin for model errors, a value
equating to about 0.03 deg/sec is I-loaded for STS-2.

rXr S siSMKe f"l'the"sthe oldest star whose data are older than this limit befor̂  applyirg
Other criteria to eliminate one of the stars already in
In future flights this limit will probably be set equal to the time
recuired to complete one orbit.

Optimum Star Pair Separation Angle (TOL 1450 (̂ 819).X S TRK SOP will automatically select a pair of stars frOT the Mtt22 star table for IMU alignment only if the separation agsllĝ ltween
thf ir LOS's is within the tolerance given ( COS 1450|- COS Jb l u.oiv;Ws tolerlna dies not affect the crew's capability to select anynaii of starffor an alignment. The separation deadband was set at
90O ± 550 for OFT to provide for sighting on many more star pairs
a more nearly optimum value of 900 ± 50 would allow.

SmIHSs fil-rliiSl.
ti'^io sauare- i.e., if the S TRK can find a star, the data will beJocessed' Th4 î ed'fir this limit is teing reviewed for possible
el im ina t ion on la te r fl igh ts .

. Full Scan Mode Star Position Limit (T ̂ IP 2), 1.4°:̂  If ttê required̂
If̂ it̂ lo2ks ontô V̂hing in̂ thri LIM 2 radius of wtere

bliiairiiliugh t̂ priJiit''Ii'Shti n? iHte wrong°̂ tir.' Based on cur-



rent alignment schedules and equipment specifications, the value could
be 10 or less. Since the crew wil l provide the final filter of star
data based on other criteria (ANG ERR > 0.09O), this limit was set at
1.40 to provide a pad on the math.

3.3 SKEW MATRICES

One IMU platform is said to be skewed relative to another If none of their
principal axes are coaligned. The three IMU platforms are skewed in order
to allow fault identification at the 2-level; I.e., If the platform orien
tations were coincident and one IMU failed, the RM function would have dif
ficulty Isolating subsequent attitude faults in the remaining two IMU's.

There are an indefinite number of possible skew relationships between the
platforms. Three skew orientations have been considered for STS-1. They
are named / 2, / 5 and /T" because there are several of the respective
square root values in the nine-element transformations describing the rela
t i v e o r i e n t a t i o n s .

During factory calibration of the IMU's to be flown on STS-1, the ori
entation was thought to optimize failure-detection capability. This skew
was considered when 13 platform positions were developed for the IMU cali
bration program. This extensive program was conducted using these posi
tions to allow optimim IMU operation during launch and orbit insertion.
However, recent studies have shown that the / 6 skew would have been a
better choice for both launch and entry when considering RM requirements
with three IMU's operating. When only two IMU's are operating, the /T~
skew provides the best single-axis RM performance in the flight-critical
(-Z) direction and provides for dual and triaxial failure detection.

Since time and expense versus gained operational capability does not justify
a repeat of the factory calibration, a compromise decision has been made
b y t h e fl i g h t t e c h n i q u e p a n e l f o r e a r l y O F T . * I
A. Launch, and postinsertion activities will be made with REFSMMATS that

provide for / b skewing.
B. The launch and entry skews will be computed such that one IMU plat-

. form's orientation rsnalns constant for both skews. Normally this
w i l l b e I M U 3 .

C. Prior to the final alignment on the first flight day, new Desired
REFSfflATs which provide for a skew will be uplinked to the Orbiter
if jH three IMU's are operational. If only two IMU's are operational
a / 2 skew will be uplinked.

D. The crew will realign the IMU platforms to the new Desired REFSMMAT as
s o o n a s p o s s i b l e a f t e r I t i s r e c e i v e d .
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3.4 GUIDELINES AND CONSTRAINTS LIST

The following guidelines and constraints were used in developing both the
IMU/ST/COAS procedures and the schedule for use of these procedures as
presented in the Postinsertion Deorbit Preparation (POP) book and Crew
Activity Plan (CAP).

Initial calibration will be scheduled to be performed as soon as
possible after entering Operational Sequence (OPS) 2. This action
is to ensure availability of a calibrated COAS as a contingency
star sighting instrunent for IMU alignments.

COAS calibrations subsequent to 4 hours MET will be immediately
preceded by an IMU alignment. This ensures an accurate basis for
c a l i b r a t i o n .

The COAS may be calibrated in both positions. This guideline pro
vides necessary flexibility to ensure availability of the COAS as
a contingency sighting instrunent and to obtain COAS data for sat-
is fact lon o f tes t ob ject ives.

Once a good COAS calibration has been performed, the COAS need not
be recalibrated if removed then remounted at the same station. The
mounting brackets are designed, according to specifications, to al
low precise remounting.

The COAS will be recalibrated at the beginning of each flight day.
These supplemental calibrations are to obtain additional data for
COAS cal ibrat ion verificat ion.

The COAS will be recalibrated if the cabin is depressurized when two
S TRK's are not available. This provides for fail-safe redundancy
for IMJ alignment.

The COAS calibration will be updated (A BIAS value will always
be incorporated) each time the calibration is performed. More
confidence can be placed on later calibration as the Orbiter vehi
cle structure should stabilize, and the crew will gain expertise
in taking COAS/star marks in the orbital environment.
COAS activities will be scheduled to be performed in orbital
darkness. Visual acuity for star sighting is enhanced by lack of
d i r e c t o r i n c i d e n t s u n l i ^ t .

COAS and star tracker(s) will not be scheduled to obtain star LOS
data simultaneously. However, -Z COAS and -Z star tracker can te
used together for star ID verification.̂  The COAS and star tracker
software cannot process star LOS data simultaneously.
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s t a r T r a c k e r s

1. Stars/attitudes for both S IRK and COAS sightings will be selected
prefli^t as specified in paragraph 2.5.2. Real time changes will
be made by the ground Mission Control Center (MCC) crew as required,
when time permits. The selection criteria are established to provide
the greatest accuracy with the minimum expenditure of time and fuel.
The flight crew may use the back-up star table (see Section 4.4) if
circumstances do not allow for ground crew star/attitude selection.

2. At least one S TRK will be continuously powered for the entire on-
orbit portion of flight. This is to preclude loss of both S TRK's
without crew awareness as well as to provide engineer-ing data for
the ground.

3. The powered S TRK's will be placed in auto mode except during sched
uled alignments. The automatic star data-gathering mode will allow
ground monitoring of the S TRK's health.

4. A self-test of the S TRK's will be performed when they are initially
turned on (during postinsertion) and at the beginning of each flight
day. The self-test will provide the crew with information regarding
S TRK data acquisi t ion capabi l i ty. This act iv i ty wi l l also provide
da ta on the se l f - t es t c i r cu i t r y re l i ab i l i t y.

5. Failure of a self-test does not preclude use of the S TRK. The
ground wil l assist in the evaluation of self-test fai lures as the
se l f - tes t i s ve ry s t r ingen t .

I M U ' s

The vehicle will be launched with / 5 skew between platforms. For
r a t i o n a l e , r e f e r e n c e s e c t i o n 3 . 3 .

IMU cluster reorientation for entry will be performed as necessary
to optimize RM, except at the final (entry) alignment. Performing
the orientation at the end of launch day makes the entry skew
W 6 or / 2 ) available in case a nominal deorbit is required.
Although it is not optimum, the launch skew orientation (or almost
any skew orientation) will support a contingency deorbit and land
ing .

All scheduled IMU alignments will be based on star data obtained
while the vehicle is holding at attitude. They will be made using
stars and attitudes provided in the CAP. Manual star data selec
tion gives more control over the star LOS data and assures its
availability when needed.

IMU gyro drift bias terms will be updated following scheduled IMU
align times whenever the drift exceeds 1-signa (.02 deg/hr). The
largest interval between alignments will be in conjunction with the
crew sleep period. This interval could be up to 10 hr. At a 0.02
deg/hr per axis drift rate, the drift (misalignment) would be 0.2O
and thus within the 0.25° (900 arc sec) allowable for deorbit. This
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drift limit will also allow S TRK star sightings In the offset scan
mode.

IMU gyro drift bias terras will be "Plated î edlately when tte
ririft exceeds 3-siOTa (0.06 deg/hr). If left unattended, this
drift rate would result in a platform misalignment greater thanthat needed for deorbit. Star data are necessary to verify the
amount of platform drift since the last alignment.
The IMU's will not be realigned with star rbit''̂ ^
on orbits 2 or 3. The predicted misalignraent at orbit 3burn (3:50 MET) is less than 0.25° considering a 3-sigma IMU.
For launch day deorbits on orbits 4. 5, or 6. fhe IW's will te

ral?S1ora lêii:er"hSild̂5L̂3eVrbn"sirp\Ŝ

Tf thP critical entry IMU alignment has been accomplished and theS TRK̂dSSrs "e S the IW's will not be realigned to supportLckuD̂ ?bit%eorbit. If a NO-GO for deorbit is given prior tothe IMU aliqnraent, and if timeline permits, the alignment will
511D to the sane relative place as nominal with respect ̂  the new
to 3 hr with a 3-signa IMJ n^lflO 'total = 0 243°).
0.063°, drift = 3 x 3 hr x 0.02 deg/hr = 0.18°, total u.cu ).
The IMU's will be realigned with star datatŵ ve hours. These alignments will ensure 3-signa or better ref-
erenoe platforms at any given time.
Th. Mcr i5 nrime for verifying noncritical alignments, 9'̂ °°'"'■ IJeŵill continuously monitor IMU alignments and advise MCC and
the flight crew of any anomalies.

. If the initial misalignment angles •̂ "•[pfy.JŜ rSlJ'wiircollecrthan a value contributable to g^c "pi! areaternew data using two new stars. An ®PP«';;®fT̂ fî ®̂dH?rcould
i-han that attributable to uncompensated 3-sigmaactually be barstar LOS data. To discount fie Possiblility ̂having taken data on debris or malfunctioning star trackers, ne
data will be acquired.

' An IMU shall be declared adequately aligned when
torquing angles are <0.1°. If the torquing angles are >0.1 . the
crew will select two new stars and repeat the measurement.'airowable talue is based on 3-sî a "Prxfrheduted
will allow the IMU to support a deorbit until the next scheou
alignment.
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13. For IMU alignments where the' initial torquing angles are 0.034°,
verification cannot be accomplished. This value fal ls in the
noise region of discernable IMU accuracy.

14. IMU gyro calibration will be based on torquing angles gathered at
least 3 hr from the time an IMU was last torqued. This time lapse
is necessary to allow the gyros to stabilize.

15. IMU gyro and accelerometer calibrations normally will not be
performed during MM301. Major mode 301 will normally be entered
with confidence that the IMU's will support the deorbit and land
ing. Tweaking of the biases is not warranted amidst the other
activities programmed for this time.

16. The IMU accelercmeters will be calibrated after an IMU is powered
up. The accelerometers are heat sensitive; thus it is necessary
to verify that the velocity bias is correct after allowing for
t h e r m a l s t a b i l i z a t i o n .

17. Anytime the ground detects a gross accelerometer error (150 ug),
an IMU accelerometer calibration will be performed ASAP. A larger
accelerometer error may not support a deorbit. It is also possible
t h a t t h e a c c e l e r o m e t e r i s b a d . A n o t h e r c a l i b r a t i o n a f t e r t h e b i a s
update will check this possibility.

18. An IMU accelerometer bias update will be performed after calibration
to keen the accelerometer bias less than 1-sigma (50 pg - 0.0016
ft-sec2). The purpose of the accelerometer calibration is to keep
the Ins t rumen t accu ra te .

19. For nominal IMU alignments, all operating IMU's should be torqued
if the torquing angles are <0.80°. If the torquing angle for any
axis is >0.80°, the IMU should not be torqued without first
receiving guidance from the ground or verifying the torquing
anales using two new stars. TFie first part of this guideline
allows simplification of the nominal alignment procedures by not
requiring the crew to make a decision regarding extremely small
misalignments. The second part avoids moving the platform when
the probability is high that something is wrong with the star data
ra the r than the IMU 's .

D . Cr i t i ca l A l ignments

Two of the scheduled alignments are considered critical and will be
verified upon completion to ensure IMU accuracy. The critical align
ments are the ones performed in conjunction with the postinsertion
activities , and during pre-entry activities on the final day of the
flight, lach is considered critical because there is a possibility
that entry burns (scheduled or contingency) may follow these align
ments. The criterion for acceptance of each of these alignments is
a platform misalignment angle (ANG aX, aY, aZ) value of 0.1° or less.
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Time Estimates for Scheduling Purposes

1. The S TRK wannup time is 15 min. This is the value given in the
S TRK specification for full operational capability.

2. The COAS does not require a wannup time. Power to the COAS is pro
vided for reticle illumination only.

3. The IMU warmup for attitude reference is 30 to 35 min based on nom
inal cabin temperature. This is per specifications.

4. The IMU wannup time for accelercmeter data is 4.5 hr for nominal
on-orbit operations and 8.0 hr for deorbit. The aĉ lerometer
curacy increases as the temperature stabilizes as discussed in par
agraph 2.2.1.

5 Initial COAS calibration time is 20 min. This very conservative
value is used because this will be the crewman's first opportunityto perfonn this task in the orbital environment. It allows for a
maximum (180O) maneuver.

6. IMU alignment times are the following.
0 Five minutes if no maneuver is required
0 Twenty minutes if one maneuver is n,;.np..x/^»r
o Five minutes added to the above for each additional maneuver
0 Five minutes added to the above if the COAS is used
These numbers are best estimates allowing for display preparation,
manual data transcription, and alignment execution.
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SECTION 4

4 . 1 O V E RV I E W

Flexibility in Inertial Measurement Unit (IMU) alignment procedures is pro
vided by several software and hardware combinations. The primary require^
ment for an alignment is determination of the current attitude of the
platforms relative to the stars. This attitude may be computed through the
use of two star trackers (S TRK's), one S TRK, a Crewman Optical Alignment
Sight (COAS) or a reference IMU. Star data for attitude determination can
be obtained by the trackers in either the automatic or manual mode. The
Orbiter may or may not have to be reoriented to obtain sufficient star data.
The second alignment requirement is to either physically drive the selected
IMU platform to its desired attitude or to introduce mathenatical correc
tions into the General Purpose Computer (GPC) to account for the misalign
ment. One, two, or all three IMU's may be realigned. Crew station inter
faces used by the crewman in executing the IMU/ST/COAS procedures are shown
in figure 4-1.

The generic IMU alignment procedures are divided into the following func
tional groups for discussion.

EQUIPMENT ACTIVATION PROCEDURES

0 S T R K ' s
0 I M U ' s
0 C O A S

NOMINAL ALIGNMENT/CALIBRATION PROCEDURES

Normal IMU aligranent using S TRK(s)
IMU/IMU alignment
C O A S c a l i b r a t i o n
I M U A c c e l e r o n ® t e r C a l i b r a t i o n
IMU Gyro Calibration
S T R K s e l f - t e s t

: y p r o c e d u r e s

Matrix alignment
COAS/IMU alignment
One S TRK star data acquisition
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The nominal and contingency IMU
manf hac hppn actlvatcd. On early Orbital Flight Test vOrij rngnis, star
data for alignments will normally be gathered on sta"using both star trackers. The attitude required to ® fcified stars will be included in one or more of the following Flight Data
F i l e d o c u m e n t s .

0 Crew Activity Plan (CAP)
0 Post-Insertation Deorbit Preparation (POP) book
0 Star Pairs cue card

A flow diagram showing the early OFT normal IMU alignment procedure well
as the backup options is shown in Figure 4-2.
in the CAP then moves to the Orbit Operations Checklist (Orbit 0^̂
depicted by the straight lines. The major steps are nunbered as they appearin the IMU Alignment-S TRK procedure. Backup procedures are shaded and the
points where they interface with the normal procedure are designated with
broken lines. The final step in all IMU aligrmient procedures is to place
the switches and CRT display to the nominal on-orbit configuration. After
this clean-up, the crewman resumes CAP directed activities.

NOTE;

Some IMU alignments are considered critical because they support acti
vities reguiring very accurate attitude data. For these alignments, the
align verification procedure is exercised prior to the cleanup activities
d i s c u s s e d a b o v e .

The procedural flow for COAS calibration which must proceed any COAS/IMU
alignment is shown in Figure 4-3. This calibration will probably be per
formed only once per flight after OFT and should be performed as soon
after launch as possible.

The IMU/IMU alignment procedure discussed in Section 4.3.4 will be used
for updating the inertial orientation of the IMU platforms to the desired
skew for reentry. This change in Desired REFSMMAT'S will be accomplished
only once per flight and may be done any time prior to the final predeor-
bit IMU alignment.

4.2 EQUIPMENT ACTIVATION PROCEDURES

Equipment required to support IMU alignments is activated early in the
flight for iwnediate use or functional check as appropriate. The proce
dures for activating the IMU's, S TRK's. and COAS are given in Flight Data
File (FDF) documents other than the Orbit OPS Checklist. A brief descrip
tion of the procedures is given to familiarize the reader with the equip
m e n t i n t e r f a c e s .
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w
• ALIGN IMU'
• MNVR

• m

IMUs ACTIVATEL
S TRKs ACTIVATED
ATT MNVR COMPLETE

CHECK IMU MIS
ALIGNMENT ANGLES

o
STAR ALIGN IMUs

J

S TRK(s) FOR
AUTO STAR-SELECT

CAP
Resume)

Figure 4-2.- IMU alignment flow chart.
4 . 2 . 1 I M U ' s

At least one IMU is operating at all '̂ '̂̂ ĥ mnHp̂ lnPFRATÊ ŜTANDBY
guidance and control. The number of IMU's m each mode (OPERATE STANDBY.nF<;Fi FfT nPFl varies with the particular flight requirements and IMU status eTriy OfI canffor airth?ee IMU's to bl operating continuously. IMUactivation from OFF is made by toggle switches on overhead panêor 016 for IMU 1, 2, or 3, respectively. If the operatinytatus is
changed after a GPC OPS transition or reconfiguration, an Input/Output
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CAP

• Gal COAS
• m n
• PADX^

CAP

(RESUME)

COAS Activated
COAS Cal Prep

(SPEC 22)

Clean Up
S w i t c h e s a n d
CRTs as REQD

Mark on
S t a r

Obtain ABias

Ve r i f y
C a l i b r a t i o n

Calibrate COAS
(Update Bias)

M a r k o n
Star Again

Figure 4-3.- COAS calibration flow charts.

(I/O) reset command must be entered on the keyboard. This cô and clearsa GPC communication fault. Specialist display SPEC 21, IMU ALIGN, is
called up to verify status and proper operation of Powered-up IMU s. Exe
cution of items on SPEC 21 places designated IMU's in the OPERATE, STANDBY
or DESELECT mcde.

4 . 2 . 2 S T R K ' s

The S TRK's are activated by closina circuit breakers on overhead Panels
014 and 015 (-Z and -Y respectively) and placing the power toggle switches
on overhead pcinel 06 to the ON position. If the S TRK operating status is
changed after a GPC OPS transition or reconfiguration, an I/O reset com
mand must be entered on the keyboard. This command clears a GPC communica
tion fault. The S TRK doors are opened by using toggle switches on over
head panel 06. For a S TRK door to open, the S TRK power must be on and
t h e d o o r c o n t r o l t o g g l e m u s t b e i n t h e o p e n p o s i t i o n . ,doors does no: require the S TRK power switch to be on. S TRK epeyetional
status is shown on specialist display SPEC 22, S TRK/COAS control (CNTL),
which also provides control of the mode of operation.
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A s TRK ̂ elf-test mode Is executed once each flight day. This mode checksthe ISiiny to ̂ aTLd î rrogate a simulated star, then presents PASSor FAIL Indication to the crew. ^Th^crerwill notTERM/IDLE mode when power is applied to the ilnLd Earlv OFT
change the mode until the 15 minute warm-up time has elapsed. Early onmissions call for one S TRK to remain o" ̂ "̂ '̂̂ '̂̂ ŝ trp̂ ovide
gathering mode throughout most of the orbital flight. Tnis is to provioeS TRK/IMU data for ground monitoring via telemetry.

4 . 2 . 3 C PA S

The COAS is stored during launch and re-entry to prevent d̂ age.the â ture U stored separately, the first step when activating the COAS

designated the +X and -I positions, respectively. Mounting the in cne+X Dosition requires an adapter plate which is stored separately from the
COAS. Before connecting the COAS cable, After

n i / 4 . Y 1 n r n i Q f - Z l i s v e n fi s d t o b 6 i n t h 6 O r r p o s i t i o n . n i L e

adversely affect COAS observations.

4.3 NOMINAL ALIGNMENT/CALIBRATION

The nominal IMU/ST/COAS procedures, as Presented below, will be part of
the Orbit OPS Checklist and may be used at any time gi.The procedures are described in detail to provide insight into their devel
opment.

4.3.1 IHU ALIGNMENT - S TRK

IMII'C Uill normallv be aligned using 1 be following procedure during OFT
!Au.?̂srnrone"orTorh1̂TrK̂s' in ? Wsfarpê^ toobtain dati on specific stars by holding the vehicle at a predetermined

i n e r t i a l a t t i t u d e .
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iMii fli IRWMENT - S TRK, GNC 201. 301

D
(A6U)

IGNC 22 S '
tRk -Y.-,

FRK/COAS CNTLl
fTRegO 10. ITEM 11,12

STATUS - (no BITE)
SHUTTER - OP

* If SHUTTER
* / A t t
* M A N ( F

CL:
c o r r e c t
ITEM 15(16) EXEC

✓S TABLE CLR, ITEM 20 - (no unwanted data)
The S TRK's and IMU's will have been activated prior to beginning JMs Procedure. An attitude maneuver will have been IfovI of each
cle so that a catalog star will be within the Field-of-View (FOV) of each
S TRK.

The vehicle Digital Autopilot (DAP) will be set for '"alljtjining tbe re
quired inertial attitude to within +1 degree. After calling SPEC 22,S TRK/COAS CNTL, the crew verifies that the required star
numbers for the two S TRK's are set to zero. This ensures that the auto
star-select mode of operation will be entered. If the ID s are not in
itially zero, the crew must place the S TRK's in the S TRK mode.TRK Subsystem Operating Program (SOP) will ĉand the
select mode for one cycle ("1 mm) at the end of which the S TRK s win
return to TERM/IDLE and the REOO ID'S will zero. The crew also verifies
that there are no BITE indications for the S TRK's and
are open. If the shutters are closed, the crew verifies that the attitude
is correct. The crewmen shoulc manually open the closed shutters onlyafter verifying the vehicle attitude (visually verify the attitude if the
shades are not installed) to ensure the tracker is not looking at the Sun.
The status of the S TRK is monitored while trying to obtain star data. An
OUT FOW indication may be seen if the vehicle attitude ̂ S 'n'ong or the at
titude deadband is too large. HI RATE is an indication that the angular
rate of the vehicle may be too high. A FALSE TK indication "leans *S TRK tracked on something that was not stationary in space; i.e.,̂ oba
bly tracked on debris. A NO STAR Indication w 11 be Jisplâ d If softwarehas determined that a NAV star should be visible and the S TRK cannot
find a star to track. The latter may be due to debris or other
blocking the S TRK FOV. A BITE status could be due to a failure detectedin eithei the S TRK itself or in the transmissions between the 5 TRK
and the ' PC s.

The star table is checked for unwanted data entries obtained while the S
TRK's we e configured for automatic star data gathering. Star Qfta ob-
tained i . the automatic mode, while in any attitude other ^naiedIMU alignment attitudes, is unacceptable for use on nominal OFT IMU al gn-
ments. his is due to the very lenient I-loaded tolerance values (ref.
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nav*AnrAnh 3 2^ However. rdndofflly obtdined stdr datd may be used in cer-
tain contingency situations where Reaction Control SystOT (RW) consumables
need to be conserved. For two S TRK opera .Ions, the table should be
cleared of all entries. For one S TRKcleared the first time through this step only. The table will then retain
data on the first star when setting up to obtain data on the second star.

STAR TRK: ITEM 3,4 EXEC (*)
/S TABLE: TRK ID 1,2 - (correct #'s)

ANG ERR 1 - <.09,Red _
SEL, ITEM 17,18 - (*)

* If no data after 3 min or bad data: '
* /At t /Stars /MET - cor rect
* / R o t R a t e - < . 5 d e g / s e c
* /S TRK -Y. -Z: TRK ID - (correct #)
* A A N G - < 1 . 0
* If preceding checks are good:
* Perform S TRK SELF TEST, 6-5, then
* If both STATUS - ST FAIL
* I Inform MCC before proceeding
* If both STATUS - ST PASS
* I Repeat Step 1 at new att, stars
* If one STATUS - ST PASS
* /S TABLE: TRK ID 1(2) - (correct #)
* /TERM/IDLE, ITEM 9,10 - (*)
* D o n o t c l e a r S TA B L E
* M n v r t o n e w a t t , s t a r
* Repeat Step 1 with good S TRK only

The crew outs the S TRK Into the S TRK mode and watches the star table t°r
inourof the specified star ID's. The ID'S should appear within tbree min-

alianment a single S TRK IMU alignment, or troubleshooting per MCC direction
The attitude and star Information for any ofeither be requested from the MCC or obtained from dita provided In the FDF.
An will appear In the Star Present (S PRES) linj when the S TRK detectsa star or Illuminated object. The TRK ID numter wi here
STRK SOP star catalog has listed for that section o 1 6°
Although the I-loaded A ANG limit is set at 1.4°, acould be Indicative of a bad sighting. Zero is the most sensitive
value and It is also the default value.

The crewman checks the track ID's to ensure that thjy ®r® ŝ e as the
specified ID'S. Unless the procedure was interrupted, the elap̂ d time(AMIN) since the sightings will be miniscule and nead not be checked.
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r i ; u r s £ .
I n t h e s t a r t a b l e a n d t h e s e s t a r s w e r e ^ ^
Iĥe'ffs'lo? SSftnTe'Srgt'ni (•- drlîn beside 1tea.s 17 and 18).

2 fHFCK IMU AANGs

\t^O\ Iriu ALKiilCRT /IMirrTzjfTr̂ - blank
/STAR ALIGN, ITEM 13 - (*)
/ANG 1,2,3: dX, AY, AZ - < .80
R e d A N G 1 , ^ 2 • !

A X ( ) ) - - J ' • - -
AY( ).

A 2 ( ) • _ J ) ^ ■ - -
* If ANG AX,AY,AZ - >.80 for two or *
* more IMU's, repeat Steps 1 and Z «

If ANG AX,AY or AZ still >.80
for or (iiorG IMU' si

DO MOT TORQUE PLATFORMS EXCEPT
liirFR MCC INSTRUCTIONS

angles (ANG AX, AY, AZ) are coi^u^ea _o 5

5S5S sSeSi "s;.*ter;pi'. HiiSV; st 'S a,.'Kaw TRK accuracy is discussed in paracraph 2.o.Z.) ine

ttTgliila Sis ?S tS a.t.™ine ppsslM. c»,. »«■ s.ns.«».K..
3 ALIGN IMUs

ALIGN IMU 1(2,3) - ITEM 10(11,12) EXEC
FXFC - ITEM 16 EXEC, Rc« MET __/ :
✓Data transcribed into OP (or UPDATES BOOK)
✓EXEC, ITEM 16 - (no *)

i i r sss i : l l i = . ; s |gsby monitoring the misalignment angles (ANG AX, a , at) or



iMii'c ThP sMiDle rate for these angles is 0.5Hz and the torquing rate is
0 4l7'dea/ra1n' therefore, extremely small incremental value changes should2; imtil thfANG AX AY. AZ values are zeroed. However, the chan-
qes in ANG AX. AY. AZ values do not reflect actual platform movement but
are simply mathaaatical computations based on torquing ratetime In addition to the misalignment angles driving to zero, the absence
of the Enable (ENA) indication after the word ALIGN and the•*' after EXEC 16 are indications that platform
If the '*• behind EXEC 16 does not blank, the creî an will terminate the
alignment manually and contact the ground for assistance.
Aithniidh the crew is instructed to watch the IMU alignment display until
realiĝ nt is completed, the torquing will continue until completion even
if the display is dismissed.

VERIFICATION: If required, repeat Steps
1 and 2 at prescribed attituoe. If
ANG AX.AY, or AZ >.1. repeat Step 3 and
notify MCC

The CAP will orovide guidance at this point. If the alignment is considered critical the crew will be directed to perform an alignment verifica-2iof Thrverification attitude given in the timeline will normally permit sighting on two stars other than those used for the â igm̂^
will force the IMU platforms to move relative to their "oosings. me reso ver dafa uL̂ n̂he verification will therefore b®cfsiderabiy different than that used in the initial alignment. This minimizes the chance ofhaving alignment errors due to hardware or software attitude-dependentctrci?i«itî  The crew repeats step I and collects new star data. In
repeating step 2, IMU misalignment errors are verified to be less than
Lrns until the next scheduled alignment. If any angles exceed 0.10, the crew is directed to repeat step 3 and realign the IMU s.

4 S TRK AUTO STAR-SELEa

loir ?? S TRK/COAS CNTLl
CRT /$ TftK -Y(-Z): RtUU lU. ITEM 11(12) - 0

S TRK - ITEM 3(4) EXEC (*)
/Shutter not MAN OP. ITEM 15.16 - (no *)

via Items 3 and 4 (STAR TRK).

The S TRK's will gather data on navigation ®bars in thecome into the FOV if I-load criteria are m^. The f 1 /
be stored in the star table of the S TRK SOP. The S TRK software wi



4.* iiw cAiort two sets of star data when available and transmitautOTiatically se i. nf coftware for comoutation of IMU misaliQ'^"

for general monitoring of S TRK and IMU health.

4.3.2 r.nftS Calibration

Tho rna-; lqs variation from the Orbiter axis must be accurately known to

wt\r"9S'»rdiUU»%Ksi; SmTTSIS'SI
mounted at each station one at a time, and calibrated for that station by
storing a calibration bias in the 6PC.
It is assumed that the IMU's and COAS have been activated. The CAP di
rects the maneuver to the proper attitude to begin the COAS calibration.

COAS CALIBRATlOli. GNC 201. 301

0 1
(019)
COAS

1 nOAS CALIBRATION PREP

✓Barrel Index - FW(0tO
IOnC 20 MP COtiPlGl
DAP A(B) COMP VERN - ITEM 7(21) +.0 0 3 EXEC

. . . IF +X COAS WITH PRCS
Select Tail only control
DAP A{8) JET OPT P - ITEM 12(26 +3 EXEC^ ' Y - ITEM 13(27) +3 EXEC

F 6
(A6U)

imc 22 S fRXyiiOftS tMiL I
COAS- REOD 10- ITEM 21 + EXEC

POS+X̂ Z) - ITEM 26(277 EXEC (*)
CAL MODE - ITEM 24 EXEC (*)

FLT CNTLR PWR - ON

COAS Dower is provided by a switch on either overhead panel 019 (-Z) or
01(+X). The COAS barrel must be rotated to the correctniilllno out on the knurled knob and aligning the barrel index with the ap'prĴilte hasK mark On%PEC 20. DAP cSnFIG. «/°tatvDnal compensationvalue of 0.003 is entered for use with the vernier jet>. °more precise vernier jet control by virtually eliminating rotations in
n o n - c o n m a n d a x e s .
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ThP s TRK/CQAS CNTL display is configured for COAS calibration by designat-

f u n c t i o n .

H ' r 3 s ; s
tail-only option for attitude control.

C3
(A6U)

2 HARK ON STAR
IAP; as required for precise manual ranvr
Mnvr to center star in COAS:

Fb ATT REF pb - push
(AbU)

NOTE

Repeat mark to ensure ABIAS
c o n s i s t e n c y

(03) DAP ROT: DISC/DISC/DISC
(A6U)

m IS =.sf(9.rej f»; 'S."cMSrtu/p3^«rll'.".'ri;s9
F H s s f ro n t n e s x a r . i n i b m a i M n y f u a f t h p ^ t a r w a s c e n t e r e d i n t h epeated until the crewman is ovlrri^ the previous

DAP is configured to discrete rate to maintain the desireo
t i t u d e .

3 CALIBRATE CPAS AND VERIFY
SFTnEHIFSc.-RCD MET _/_ _
✓ABIAS goes to zero

T« cr.. records »s .0 bys (««S)for future ground yise. 1n COAS Line-of-Sight (LOS). The software
Sl4Tfh.'3S?« » r.'r.lS1L;"LH;'..''!b.".P.rUi.i is cleted.

Repeat "(WIK ON STAR'
✓ABIAS <.12

* If ABIAS >.12. repeat step 3 *
* If still >.12, notify HOC

4 - 1 2



A r;%iibrAt1on verification is performed to ensure that the bias is as accu-« «n be Mpected. The Acceptable iBlAS value for iskbcah nn » 3-«lana eauioment accuracy» nominal visual acuityt and nominalAvÂhaAd ?eswnfA ttre!"̂!? a "bias 1«s than the specified value cannot
be obtained by repeating the calibration procedure twice, the crew should
contact the ground for further directions.

4 a E A M - U P . .
COASiDES - ITEM 25 EXEC (*
llSc 20 mP CONH(j|
DAF A(B) C0H>, VERN - ITEM 7(21) +.0 0 0 EXEC

. , .IF +X COAS WITH PRCS
DAP A(B) JET OPT P - ITEM 12(261 +1 EXEC .

Y - ITEM 13(27) +T EXEC .

01 COAS - OFF
(019)
F6 FLT CNTLR PWR - OFF
(AbU)

/Data transcribed into CAP

NOTE
If S TRK(s) toTe left in auto
star-select mode, go to IMU
ALIGNMENT - S TRK, 6-3, Step 4

The COAS calibration mode is deselected and the ATT ̂
turned to ils primary function by executing ITEM 25 (DES). On SPEC 20,the DAP to load A(B) vernier compensation value is set back to .000.
Power is rennved from the COAS and from the RHC until it is needed. Ifthe S TRK's were not in TERM/IOLE mode when the ML selected,
the deselection will have automatically placed thOT in that mode if theyare powered. The crew then configures the S TRK for automatic star data
gathering until needed to support an IMU alignment.

4.3.3 IMU Accelerometer Calibration

Bias is app ied to the accelerometers* output to compensate for variationsin the equiiraent and operating environment (friction, thermal gradients,
g-loading, etc.). This bias is checked for accuracy by the ground using
downlinked data at scheduled times during orbital
made with the vehicle in a Quiescent (non-accelerating) attitude while
over a Telemetry (TM) receiving station. Normally, this calibration will
be done dur'no a crew sleep period and thus not require crew participation If Aniwakrperiod Calibration is desired, the Mission Contro Center (MCC) w 11 call out the time to begin this procedure so that veMcle
raotiens wil be danpened at ground station Acquisition of Signal (AOS).
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IMll ACCELERC»gTER CALIBRATION. SM 2 //

1 f<;tablish free DRIFT
✓R o t R a t e < 0 . 1 " / s e c „ , n c c

LI FLASH EVAF CNTLR PRI A,B (two) - OFF
C3 MP ROT; PULSE/PULSE/PU.SE

DAP: A/MAN/VERN
Prepare to remain still for
-6 minutes after AOS

2 AT AOS
Inform MCC you are configured for IMU CAL
Remain still until MCC reports CAL completed

The rotation rate is verified to be less than 0.1 deg/sec to delete the pos-
cihilitv of centripetal acceleration causing unwanted biases. The f'eshEvaîrato? Sys?OT ̂ES) will be turned off during the calibration procedureto prevent acceleration (thrust) caused by flash Jrow willnAP is confiaured to out the vehicle into free drift. The flight crew wiii
attanpt to avoid any sudden motions and any manual vents which might causeaccXat?ors f'onos until MCC notifies tĥ  J,ll®Kor%ild°r"ecord'outru 'cient data or until LOS. The ground crew will monitor and record output
data from the IMU's velocity counters.

Ground station coverage will bf scheduled for at least 3M ŝondŝ  Al
though TM data for the entire 320 sec period are desirable, bias caiiora
tion data can be obtained in a shorter period of time.

UFHICLE RECOVERY AND FES RESTART
MP Rflff: bISC/DISC/DlML
l̂M »8 APU/ENVIRON THERM 1
If EVAP OUT TEMP <47

LI RAD CNTLR OUT TEMP - HI
WHEN EVAP OUT TEMP = 50+2

or FLASH EVAP CNTLR PRI ATB) - ON
I RAD CNTLR OUT TEMP - NORM
If EVAP OUT TEMP >47

LI FLASH EVAP CNTLR PRI A(B) - ON

The Orbiter is then returned to a nominal fll9|]b
is placed In attitude hold by changing to the dis
A c r e w m a n c a l l s S P E C 8 8 . T J
output temperature. The FES is reactivated if
perature is greater than the 470 F required for r
ator controller outlet temperature is set to the
bring the temperature up. When the temperature i
reactivated and the radiator controller outlet tt
the normal (NORM) position.

configuration. The DAP
Crete rotation rate mode,
nitor the FES evaporator
le evaiwrator output tem-
estar-,. If not. the radi
High (HI) position to

is about 57", the FES is
:fflipera;ure is set back to
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4.3.4 IMU ALlGWtCNT - IMU/IMU
This orocedure assumes that at least one IMU is sufficiently aligned to
serve as an inertial reference for computing misalignment angles in theother IMU's. It will be used if the IMU*s are to be aligned to the
desired REFSMMAT without obtaining star J'
angles exceed l.QO. It is especially useful if an IMU has been powereo
down or if new REFSMMATS are uplinked.

TMII Al TfiNtffNT - IMU/IMU. SNC 201. 301

iGNC 2l IMU ALIUil
CRT /IMU 1(2,3): SI'Ar- blank

IMU/IMU - ITEM 14 +_ (ref IMU) EXEC
R e d A N G 1 , ^ 2 3

A X ( ) ) • _ _ ( )
4 Y ( ) . _ _ ( ) )

ALIGN'̂IHUV(2.3r-'lT̂  TOliT.lb̂EXEC~{*)"
" " C A U T I O N

Do not select ref IMU for
realignment

EXEC - ITEM 16 EXEC (*). Red MET _/_ _

NOTE
Align will require 3 to 6 min

✓DATA transcribed into CAP (or UPDATES BOOK)
✓EXEC, ITEM 16 - (no *)

The IMU believed to have the best alignment is selected by the crewman to
be ihe reference IMU. Misalignment angles are calculated and displayed
for all operating IMU's.

Slewing signals to move the platform 1.2 deg/sec will be initiatedIten 16 is executed. The time of execution is recorded for ground use in
postflight evaluation. The displayed angles for the IMU's being alignedwill decrease to indicate how the IMU platform should be moving toward the
new orientation. The incremental changes in the misalignment angles and
the displayed values will not be uniform. Although the sample rate for
the display is 0.5 Hz, the actual update rate depends on the absolute
value of the misalignment. The update rate while the platform is slewed
varies from once every 20 sec when the misalignment angle is computed tobe greater than 32® down to once every 0.3 sec when bb®.™ ŝalignraent
should have decreased to 2®. There will be a 40 sec
angle update as the LAT function slews past the desired position and back
again to eliminate the slew-direction sensitivity. After this 40 sec period. the angles will be updated at the 0.5 Hz sample rate as the platform
is rroved to the final position. The remaining misalignments are zeroed
out at the digital torquing rate of 0.417 deg/min applied for a maximum of
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$hat'ih1"llignn«nt*is completed. The maximum misalign
ment (1800) can be zeroed In 6 min.
F o r e a r l y O F T m i s s i o n s , u p l i n k n e w
sired REFSIWT iSJ 3 refSMMAT will not be changed, thereby
REFSMMAT's for IMU's 1 and 2. IMU 3 Rtrsnwi wi m . ^

sellctld̂M̂thr-Sonltant' IMU due to powerdown considerations.
4.3.5 5 TRK Self-Test

A self-test of the S TRK's
self-test provides an end-to-end check of the S TRK system

■sTAR TRACKER 5ELF-TEST. GNC 201. 30,1
i c w r I k K y c W S I H T C„T A I.K -T.-.= ; Ij. "«)

* If SHUTTER - CL, mnvr to avoid bright object In BOS.*
* Do not manually open shutter

SELF-TEST -Y,-Z - ITEM 1,2 EXEC (*)✓S TRK -Y,-Z: SĤJ® - CÛ
STATUS - BITE (momentarily)
SHIHTER - OP
STATUS - ST PASS

* If STATUS - ST "AIL, repeat ^
* SELF-TEST
* If still FAIL, use only if directed ^
* by MCC

NOTE
If S TRK(s) to be left 1" a"to
sissir! r;ss.'s" SS.«

.aiicl. mt » "'SS'"S: SiSe P«-t «f ». self-Mit" r J S p S » . . i . .
possibility of performing a self-test.

4 - 1 6



One or both S TRK* s may be selected for self-test at the same tinie. How
ever the S TRK SOP is programmed to run only one test, so the trackers
wiiractually be tested individually in the sequence in which they wereselected on the keyboard. It takes a to test a S TRK.
A n i n d i c a t i o n t h a t t h e t e s t I s m p r o g r e s s I s a < •
status win be seen as a result of the self-test toipr-
TRK's ability to detect purposely bad tracking data. The S TRK SOP toler
ance for passing the test Is so tight that a good Sfailed. The test Is repeated to confirm the failure. If the S TRK fails
twice, the crewman Is to contact the ground for assistance.

4.4 CONTINGENCY PROCEDURES

These procedures are contained in the FOP In case one of the
dures cannot be accomplished because of technical or operational require-
m e n t s .

4 . 4 . 1 M a t r i x A l i g n m e n t

The specific steps to accomplish the alignment are in the MALF took. This
type of alignment is useful when star LOS data is obtainable but the platform misalignment angles are large, and there is no sfMcn
tain particular platform attitudes or skewing. A matrix ®]̂ ^9nment is also
useful if a failure makes it impossible to reposition the IMU platform, as
it updates the software mathematics and does not require platform movement.
This procedure requires that star data be obtained through either S TRK or
COAS data takes. The data collection steps are identical to those in the
nominal procedures. Since circumstances leading to the use of the proce
dure may be varied, there is nc caution as to misalignment angle magnitude,
Upon execution of ITEM 16, the misalignment angles zero immediately. This
form of alignment is purely a mathematical alignment and therefore occurs
instantly. No platform repositioning occurs.

4.4.2 IMU Alignment - COAS

The specific steps to accomplish the alignment are in the MALF book. The |
COAS is used to obtain star LO!) data when S TRK's ̂ t'e not operational or
when the IMU's are misaligned j:o the point where ̂ he S TRK ̂  <:annot be
used. The IMF's may or may no*: be sufficiently aligned to us2 the DAP au
tomat ic maneuver opt ion.

Using the COAi to obtain star data for an IMU jl̂ snmentl similar to ob
taining calibration star data v/lth three exceptions. The COA.> SIGHT rautIs used Instead of the CAL MOK (SPEC 21), the mark must be followed by an
'ACCEPT' entry, and data must he obtained on two stars.

After obtaining data on the first star, the crewman will pick a second star |
that forms a pair with an LOS separation angle of 90® + 60 , preferably
close to 90°. When at the second star attitude, the Orbiter is maneuvered
to sight on the star. Note that the position of the stars in the S TABLE

4 - 1 7



u not Shifted to the right when the CO/\S is used. The first acquired
star will be In position two and the second will go into position one.
The star data acceptance criterion Is an error (ANG ERR) of not ""Olfe0 20 in ANG DIP computed by the S IRK SOP. This acceptance value takes
into account COAS calibration accuracy, IMU
An choiilrl noDpar beside items 17 and 18 to indicate tne stars are
selected for use In the alignment. he The%lat-cedure are the sane as If data were obtained with the S TRK(s). The platforms can be torqued to the desired (prientatlon through use of the StarAlign option or the matrix align option U ̂ |,̂ .""stances warr̂ ^rnA<i ai-innfflpnt wa<; reouired because the IMU had drifted too tarS m JiraSutsUioT Hetter IMU alignment using S TRK data should
follow this course alignment.

4.4.3 One S TRK Star Data Acouisitlon
n.... tn t TRK failure S TRK door failure, or some software anomaly, it maySSa if
TaragJkph i.Cd of this handbook may be used to pick a star pair for use
with ei ther S TRK.

4.4.4 Backup Star Pairs Cue Card

as described in 4.4.3.

is; awZ-tsK Se.l. .»« t».t .f th, Cf(,<« ""the star pairs can be determined as a function of ME ( 9

For any particular orbit the stars may become available "̂ J.̂ l̂f'jtĵ sr'the

Ĥ?a ind?cI??on of AK tlL remaining. \b individual star availabil-
m is included as an aid In one S TRK or COAS star sightings. In theseca«s, the crew can begin gathering data on the earliest available star n-

to attitude information on the back of the cue card.
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For each star pair, six attitudes are given on We cue cart. Two attitudes

SttlSTi'S SnSSv.? riM'S's.Jing (roJel1a«l. Fo«-

Wsi'i dri;i,-srrs A i 1
acquired the necessary star data, the vehicle Is wM''thenipntarv second attitude (A' If A was the Initial attitude, B 1f B was ine
Initial attitude etc.). Because these complementary attitudes have beencoiSuJed trte iilniS;̂  maneuvers to boreslght the star tracker on one starof the pair and then the other, this Intermediate maneuver ®
approximately the same as the ANG SEP between the two stars In the pair.
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SECTION 5
ppnrFniiRES DESCRIPTION. STS-2

0 . 1

This section describes n̂ i/Ŝ-mK/Crewinan Optical Alignment ̂i n g t h e I f U n i U I W ) / S ^ e U m i n ^
'n̂ faSSilfâ TtS bf̂ eatS'ô  flights and whether thefrocedSm'will bTmS3i?te5'Sn a flight-to-flight basis.
These STS-2 flight-peculiar procedures will be discussed.
0 Postinsertion IMU/S TRK/COAS activities
0 COAS verification
0 S TRK Horizon Limit Test
0 S TRK Threshold Verification

r.K'SsSsi;!ir
Deorbit Preparation (POP) book.

5,1.1 «:ts-2 Flight Description
The second manned orbital flight of the Space Shuttle will he launched

with an orbit inclination of 38.0".

5 12 Hardware/Software Configuration

STf-rdi??e'rr
llightly froS STS-1 and will be further modified for subsequent flights.
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5.1.3 Flight Test Purpose and Ob.iectives
One purpose of the flight is to verify the in-flioht of theIMU's. The flight will also demonstrate normal alignment capabilities
and verify the backup aligninent capabilities.
The STS-2 IMU/S TRK/COAS activities will satisfy the following Functionallest SbjLtSes (FtS as Resented in the STS Flight Requirements Document
(JSC-10782).

A. COAS Calibration: Demonstrate COAS calibrations (as
flight as possible for -Z position) to verify the on-orbit calibrationcapability and to provide the data necessary to perform a backup
COAS/IMU alignment (FTC 273-01, 03).

B. COAS/IMU Alignment Verification: Verify the operating capabilities
of the -Z COAS as a backup device for alignments
by performing an alignment evaluation (FTO Z73-02J.

C Star Tracker Threshold Level Verification: Operate both S TRK's at
each of the four selectable star magnitude threshold detection levels
(FTO 273-07).

D Star Tracker Horizon Limit: Verify the S TRK subsystem performance bySterllSg Itnbnity to track a star elevation angle is lessthan 20 degrees above a sunlit Earth horizon (FTO 273-11).
E. Star Tracker Performance: Verify the S TRK subsysten performance by

determining its ability to track within limits of the Sunity to perform an alignment while the vehicle is rotating (FTO 273-12).
F. COAS Calibration Verification: Perform a -Z ̂ 0̂  calibration threetimes during a single night pass to determine thermal effects and ver

ify initial calibration (FTO 273-06).
6. Star Tracker/IKU Alignment Verification: Operate the S to ac

quire and track catalog stars and determine the angular ̂ itterence between the measured position and the GPC computed position
ground aligned (FTO 273-05).

5.1.4 Functional Test Ob.lectlve Schedule
The IMU/S TRK/COAS FTO's for STS-2 will be satisfied concurrently wit̂rsfhor activities with the exception of the COAS ver if ica Jons (FTO 273-02
and FTO 273-06). Procedures to satisfy these two FTO's have ̂ en combinedand sISeduld is a special test during a single night pass T̂e time when
data for each FTO will be obtained is indicated in table 5-1.
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Table 5-1,- FUNCTIONAL TEST OBJECTIVE SCHEDULE ON STS-2
(Assumes Sept 30, 1981 launch date)

! F T O
! N u m b e r

FTO 273-01

T i t l e

Aft CO AS calibration

FTO 273-02 ! Aft COAS/IMU Alignment Verification
I (Procedure integrated with that for
! FTO 173-06.)

FTO 273-03 ! FWD COAS Calibration

I S c h e d u l e d
! (DD/HH:MM)
! M E T

3/22:10-3/22:22

4/09:52-4/10:35

I P o s t I n s e r t i o n

i FTO 273-05 ! Star Tracker Alignment Verfication I Post Insertion

FTO 273-06 ! Aft COAS Calibration Verification

FTO 273-07 ! Star Tracker Threshold Test

FTO 273-11

FTO 273-12

Star Tracker Horizon Limit Test

! Star Tracker performance
! (Assumed accomplished by data col-
! lected by ground during Passive
! Thermal Control (PTC) using Star
! Tracker Auto Track Mode. No spe-
! cial activity has been scheduled.)

4/09:52-4/10:35

0/21:55-1/22:00
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5.2 POSTINSERTION ACTIVITIES
The Dostlnsertion IMU/S TRK/COAS activities will determine the IMU's capa-

.MarraiuSS s;'-
flight beyond the first fen orbits. .Specificfor continued flight were discussed in section 3.4 of this handbook.
Data to satisfy two of the FTO's will be obtained in conjunction with the
postinsertion activities. These FTO's are as follows.
0 Forward COAS calibration capability
0 S TRK alignment verification

5.2.1 Procedures, Seneral Cownents

ground contact or reference to another document.
The nrocedures in the POP are basically adaptations of those in the ̂ bitm ffil7st as presented in 4 of this handb̂k. The individual
steps will be discussed but not repeated in this section.

5.2.2 COAS Calibration

The COAS will be calibrated as soon as P°"1ble after launch to p̂ ^
backup alignment capability using a ground aligned IW w reference mtore

orbital daylight, the S TRK will be checked first.
The COAS is calibrated in the same manner as discussed in paragraph 4.3.2.

5.2.3 Desired REFSMMAT Update
The REFSMMAT's are "P̂ 'ted during .P̂ fihen̂ 'thê L-
tinqencŷ(freeze-dried̂  FD) GPC is refrozen after the OMS-4 burn (07:10 MET).Since IMU 3 REFSMMAT's are the same for both the ascent and entrypJScldu™ LkS all three IMU's available in case the FD GPC is needed.
If the FD GPC is not activated and refrozen after the REFSWAT s are up
dated the FD GPC would still have the ascent REFSMiAT s after IMU 1 and2 wlr4 aligned to the entry REFSWAT's. Then, if a contingency required
use of the FD GPC, IIW 1 and 2 would have to prevent them
from overriding IMU 3 and providing erroneous attitude data.
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A SAlf-Ust I. prMHl/ '» "-"'f «'s*^ wSlS;

not in itself preclude future use of the S TRK s.
^ I5lngiIScĥUmra)ld'feed-bair2l?°cu£nĴ%Ŝ

5.2.5 s TRK Data Acquisition

Snh TlS»rrtVep>r.tl«. »ile wlthlA 0.09« tA. «t..l
angle.

;iK;AS".s?i2'i?;o"A.SA:'s
and*no"longer used in postinsertion activities. (At a later t" t''®nioht maKtion procedures will be conducted to determine if this S
TRK will be used for IMU alignments for the remainder of the flight.)^ WUhout clearing the star table, the crew will maneuver as required to ob
tain sighting dita on two additional stars comprising a n̂  star pair. Thectar table will Still retain data on one star in the old pai^- me star
pairs wil l have been selected so that th^^can be used for an alignment. The crew will select the pair with thecmaiiLrASe ERR overriding the S TRK SOP selection if necessary. Thisidt .m bj .s« tt m
ment angles before further jud^ent on the 5 trk s.

5,2.6 IKU Alignment

iiQ-ina the star sighting data obtained, the IMU's will be aligned to ver-
ifv this caoablllty The IMU Star-Align option will compute misalignment

' and expected performance, including a maximum 3-sigma platform drift in
the elapsed time since that alignment.
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MET
(HR:NIN)

MAX
AX.AY.AZ

2 : 1 5 - 3 : 1 5 0 . 1 2
3 : 1 5 - 4 : 0 0 0 . 1 3
4 : 0 0 - 4 : 4 5 0 . 1 4

If the preceding 1s "GO", the IMU's will be realigned. If the misalignment
angles exceed the values given, there Is a possibility that the star dataIs bac, rather than that the IMU has excessive gyro drift. For this reason,
new star sightings will be made. When using two S TRK's, if
failec the self-test (but still provided star separation data with ANG ERR
less han 0.09O), it will be declared failed at this time and no longer
used. Using one or two star trackers, new star sighting data will be
obtalred and the misalignment angles checked again. If the angles are
still too large, the crew will look at the data from the previous sight
ings end declare the star tracker with the largest AWG, bad. If bothS TRK's have failed at this point, the crew Is to call MCC for further
d i r e c t i o n .

5.3 COAS VERIFICATION

This Orbit OPS Checklist procedure is simular to STS-1 and satisfies two
F T O ' s .

0 Aft COAS/IMU Alignment Verification
0 Aft COAS Cal ibrat ion Verificat ion

The FTO's have been combined to obtain the necessary data in the minimum
amount of time with minimum fuel expenditure. A procedural flow diagram
is shown in figure 5-2. The Aft COAS/IKU alignment verification requires
sighting data on two stars and IMU Subsystem Operating P'̂ og'̂ am (SOP) de
termination of the IMU misalignment (ANG AX, AY, AZ) based on +X COAS
obtained sighting data. The IMU's will not be actually aligned. The Aft
COAS calibration verification requires three COAS A BIAS readings evenly
spaced during an orbital night pass to determine thermal effects (cabin
deformation) on the +X COAS LOS stability.
An INOJ Alignment - S TRK procedure will have been completed immediately
preceeding this special test. A maneuver will have been completed to
place a catalog star along the +X COAS line of sight. The Crew Activity
Plan (CAP) will designate the time to begin this test to ensure proper
day/night vehicle transition.
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CAP
• MANEUVER TO FIRST

STAR ALTITUDE
COMPLETE

• IMU's
ALIGNED

SUNSET STAR
SIGHTING

CALIBRATE
-Z COAS

•1st ALIGNMENT
CAPABILITY STAR
SIGHTING

SUNRISE STAR
SIGHTING

RECORD -Z COAS
A BIAS

MIDNIGHT STAR
SIGHTING

RECORD -Z COAS
A BIAS

MANEUVER
TO SECOND
STAR ATTITUDE

2nd ALIGNMENT
CAPABILITY STAR
SIGHTING

RECORD IMU
MISALIGNMENT
ANGLES

Figure 5-1.- COAS verification FTO flow chart

. r - s
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VrmFICATlON (FTP 273-02 and 06, GNC 201

0 1 9
(01)
COAS

1 rOAS CALIBRATION PREJ'
tOAS PWR - ON

yftARREL Index -OW

DAP̂A{B) ?OMP?''vtFN • ITEM 7(21) +.0 0 3 EXEC
If +X COAS WITH PRCS

Splect Tai l only controlÂ̂ltB) OET 0,.̂  P - ITEM 12j26j EXEC .
I BMC ZZ b i°RK7:OAS CNTCI
COAS* REQD ID - I lEM 21 + EXEC

POS -Z - ITEM 27 EXEC (■»)
CAL MODE - ITEM 24 EXEC (*)

A6U FLT CNTLR PWR - ON
(F6)

2 MARK ON STAR (Sunset)
DAP: as requirecJ for precise manual mnvr

(C3)
Mnvr to center star in COAS:

(F6) ATT REF pb - push
NOTE

Attempt to g«it mark as soon as
possible after entering darkness.
Repeat mark lo ensure aBIAS con
s i s t e n c y

3 CALIBRATE COAS
CRT Red CAL -Zl+X) ABIAS: . (Sunset)

UPDATE - ITEM 29 EXEC, RCO MET _/_
/tf IAS goes to zero

The only differences between this of the C0«the nominal COAS calibration P'"""''";;®® ̂P?̂?8râ  4.3.3) are tM

position bias is updated in t is pai t of the procedure.
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4 mfl«;/IWI ALIGNMFWT VERIFICATION PREP
S TABLE CLR - ITEM ZO EXtC
SIGHT MODE - ITEM 22 EXEC (*)

5 1ST ALN VER TAKE
H D U l \ C B c a u r i r u \ i > w i *

(03) PAP ROT: DISC/DISC/DISC
CRT CPAS: ACCEPT - ITEM 23 EXEC

✓S TABLE: TRK ID 2 - (REQD ID)

! Do not deselect CPAS SIGHT
! mode between sightings

6 AUTO MNVR TO 2ND AHITUDE
Mnvr to 2nd star attitude (given in CAP)

m r r M P s m !
C0AS:REQD ID - II tM 21 _ EXEC
Repeat "MARK ON STAR'
DAP ROT: DISC/DISC/DISC
COAS: ACCEPT - ITEM 23 EXEC

vS TABLE: TRK ID 1 - (REQD ID)

8 EVALUATE STAR DATA
vS TABLE: ANG ERR 1 - <.2

SEL, ITEM 17,18 - (*)

9 CHECK IMU MISALIGNMENT ANGLES

✓IMU 1,2,3: STAT" blank
✓STAR ALIGN, ITEM 13 - (*)
R e d A N G 1 ^ 2

4 X ( ) . _ _ ( )
&T( ).

AZ( ).
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Usinq the leme star previously used for COAS calibration, the first sight
ing for COAS/IMU alignment verification Is made without a major raaneuverto a new attitude. The star table Is verified to be clear of data. This
assures that star data used for calculating IMU misalignment angles has
been gathered using the COAS. The CWS SIGHT MODE isCOAS marks are used to compute IMU misalignments rather than COAS ̂ lAS.
A mark is taken on the star and is accepted as the first
COAS IMU alignment verification. A maneuver must be
Ing data on a second star. This star will be used for allsightings. The maneuver and steps 7, 8, and 9 are essentially the same asin the COAS/IMU alignment procedure discussed in paragraph 4.4.2 oT this
handbook. However, note that the alignment execution is OTitted. The pur
pose Is to obtain the sighting data and IMU platform misalignment anglesfor comparison with the S TRK/IMU alignment performed just prior to this
t e s t .

It is important that the required data be obtained as quicklyas the following step (10) in this procedure is time critical. No further
large maneuvers are required.

10 CPAS CAL VERIFICATION (Midniaht/Sunrise)
!GNC 22 STRK/COAS CNTLl

CRT cOAS: CAL MOM - 1 ftM 24 EXEC (*)
Repeat 'MARK ON STAR' as close as
possible to orbital midnight and
s u n r i s e

A6U DAP ROT: DISC/DISC/DISC

Red CAL +X(-Z) ABIAS:
Red mark time: MET

Red CAL +X(-Z) ABIAS:
Red mark time: MET

(Midnight)

(Sunrise)

ThP stsDS in this part of the proeedure provide a ABIAS reading indiea-
tive of any change in -Z COAS position incurred during the time since thevehicle structure began cooling down. The data points are to be at orbit il
midnight and at sunrise. The time for the sighting will ,CAP timeline. The COAS position bias is not updated regardless of the mai-
nitude of a ABIAS.
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11 CLEAN UP
COAS: DES - ITEM 25 EXEC (*)
<; TABl E CLR - nm 20 EXEC

- ITEM 7(21) +.0 0 0 EXEC
If +X COAS WITH PRCS

019 COAS PWR - OFF
(01)
A6U FLT CNTLR PWR - OFF

yOata transcribed into CAP
NOTE

If ST(s) to be left in auto
star-select mode, 90 to IMU
ALIGNMENT - ST, 6-3, Step 4

The COAS mode is deselected at the end of the Pî ocedure to return AHRFF Dush button to its primary function and to allow use of the S TRK s.
The star table is cleared to provide an open table Thfre-

V while the S TRK's are in the auto star-select moae. ine
mainder of the cleanup is the same as for the COAS/IMU Alignment proce
d u r e .

5.4 STAR TRACKER HORIZON LIMIT TEST
This procedure satisfies FTO 273-11, which I® tô Ĵ termine the S m'sahilltv to ooerate with its LOS close to the Earth s horizon. This abilSJ iŝmSre ?Sl for target tracking than for star df a acquisition;however useful data will be obtained that will be applicable to bothês of S T̂ K operation. The test will be <=r''r'?l''?J''h'orTzon '
attempting to acquire data on a star as it sets behind the horizon.

S TRK HORIZON LIMIT TEST (FTO 273-11)
1 mRIZON TEST PREP

AT 6 min prior to star LOS

C T - 5 » j M f "
MAN OP - ITEM 15(16) EXEC (*
STAR TRK - ITEM 3(4) EXEC (*)
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2 STAR TRACK
✓S TABLE: TRK ID 1 - (correct t
Wait 15 sec
S TABLE CLR - ITEM 20 (EXEC)
(Repeat Step 2 as often as reqJ)

'̂M/ŴOP -°ITEM 15(16) EXEC (nc*)
The vehicle and one S TRK are "nfigu'-ed about the as for |Ĉ ring

M ferê tL1?ar-irenrat?v:?;
fl.STgf?»a? WearlnJ.tSrsrartaEle If the J m ĉn tracK̂at̂_
r an1Kec"e3]̂ a Se""«iFt?â 1irb:°"â
atlOTaVpiilht^Inst^S post-mission analysis.
The S TRK shutter Is released from the manual-open node after the test is
completed.

5.5 STAR TRACKER THRESHOLD VERIFICATION

s m M w m m M wvous target will n??raally be brighter than ""wy stars. By making the J
TRK insensitive to diniiter obiects, the search phase of the a 3
mode can be shortened.

S TRK THRESHO-D VERIFICATION (FTP 273-07)
1 SET TH)LD AND TRACK STARS

C3 /DAPTP 'AUTO/VERN
(A6U)

!GNC 22 TRK/COAS CNTL! ^

SHUTTER - OP

* I f S H U n E R - C L ; *
* / A t t . M E T - c o r r e c t , I
* MAN OP - ITEM 15(16) EXEC (*) *
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S TRK -Y(-Z); THOLD - ITEM 13(14) +2 EXEC
S TABLE CLR - ITEM 20 EXEC
STAR TRK - ITEM 3(4) EXEC (*)
After 2 min or when:
S TRK -Y(-Z): STATUS - NO STAR,
proceed to next threshold level

When star acquired go to Step 2

- ITEM 13(14) -t? EXEC

2 pFmnn data and clean UP
ic TPif I Irnuire THOLU 1 STAR iD I Ht-T !

CRT /S TRK -Y.-Z: THOLD. ITEM 13,14 - 0
The method of verification is to acquire and track three stars of knovnmagnitude at various flf̂ĥd̂leveJs.̂̂ THeĵeMclêand̂onê  TO

is acquired.

The crew will record acquisition data for post-flight caparison with the

of opportunity.

NOTE* Numerical values for visual magnitudes are inverselyto hHahS- i.e. -1.0 is brighter than +1.0. which in turn, is bright
er than +2. S TW sensitivity threshold levels correspond to visua g
nitudes as follows.
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THOLD I Visual Magnitude
0 + 3 . 0 o r b r i g h t e r

1 + 2 . 4 o r b r i g h t e r

2 + 2 . 0 o r b r i g h t e r

3 1+1.0 -7 (BOS level)

5.6 PRE-ENTRY IMU ALIGNMENT

The pre-entry IMU alignment will prepare the IMJ's to support deorbit and
entry guidance, navigation and control functions. The procedure is con-
talned In the POP book. The POP procedure essentially combines the steps
In the normal IMU alignment and alignment verification procedures dis
cussed in paragraphs 4.3.1 and 4.3.2. The one major difference betweenthis alignment and others Is that the GPC's have been transitioned to Oper
ational Sequence (OPS) 3. Any maneuver required to ̂ Int the star tracKers
at stars to support the alignment will have to be made in mapeu-
ver mode since automatic maneuver mode Is not avall̂ le in OPS 3. my re
quired accelerometer and gyro calibration biases will have been uplinked
to the IMU SOP prior to the transition to OPS 3.
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TABLE A-I.. SHUTTLE NAV (50) STARS FDR EARLY OFT FLIGHTS
Vi sua ! R i g h t D e c l i n a t i o n

S i r i u s
Canopus
Rigel
Vega
H a d a r
A c h e r n a r
A c r u x
Capella
Sp ica
A r c t u r u s
Procyon
A l t a i r
Betelgeuse
B e l l a t r i x
Regulus
F o r m a l h a u t
Deneb
A 1 N a ' i r
A l k a i d
A n t a r e s
C a s t o r
A1deba ran
Peacock
M i a p l a c i d u s
Nunk i
K a u s A u s t r a l i s
Alpheratz
Gib (Navi)
A l h e n a
M i r f a k
D e n e b o l a
Alphecca
Rasalhague
Merak
P o l a r i s
Phoeda
G i e n a h
Z u b e n e s c h e m a l i
K o c h a b
A v i o r
A t r i a
H a m a l
M e n k e n t
Diphda
Alphard
A 1 S u h a i l
A c a m a r
Denab Algeid
S c h e a t
E n i f

magnitude magiitude a s c e n s i o n

3 . 1 5 0 0 - 1 . 4 1 0 0 . 9 5 ^ - 1 6 . 6 8
1 . 5 0 0 0 - 0 . 5 9 4 5 9 5 . 8 3 - 5 2 . 6 8

. 8 6 1 0 0 . 0 0 8 3 7 8 . 2 8 - 8 . 2 3

. 8 0 3 0 0 . 0 8 4 0 2 7 8 . 7 5 3 8 . 7 5

. 7 4 5 0 0 . 1 6 5 4 2 1 0 . 4 3 - 6 0 . 2 2

. 6 9 1 0 0 . 2 4 7 1 2 4 . 1 5 - 5 7 . 3 8

. 6 6 7 0 0 . 2 8 5 5 1 8 6 . 2 3 - 6 2 . 9 3

. 5 1 4 0 0 . 5 6 8 4 7 8 . 6 3 4 5 . 9 7

. 5 1 3 0 0 . 5 7 0 5 2 0 0 . 9 0 - 1 1 . 0 0
.4880 0 . 6 2 4 7 2 1 3 . 5 8 1 9 . 3 3
. 4 7 7 0 0 . 6 4 9 5 11 4 . 4 3 5 . 3 0
. 3 6 9 0 0 . 9 2 8 2 2 9 7 . 3 3 8 . 7 8
. 3 0 8 0 1 . 1 2 4 4 8 8 . 3 3 7 . 4 0

. 2 7 4 0 • 1 . 2 5 1 4 8 0 . 8 8 6 . 3 2

.2690 1 . 2 7 1 4 1 5 1 . 7 0 1 2 . 1 2

. 2 6 7 0 1 . 2 7 9 5 3 4 4 . 0 0 - 2 9 . 7 8

. 2 5 4 0 1 . 3 2 5 2 3 1 0 . 1 0 4 5 . 1 7

. 2 0 5 0 1 . 5 6 6 4 3 3 1 . 5 8 - 4 7 . 1 2
.1970 1 . 6 0 9 6 2 0 6 . 6 0 4 9 . 4 7
.1930 1 . 6 3 1 9 2 4 6 . 9 0 - 2 6 . 3 7
. 1 9 1 0 1 . 6 4 3 2 11 3 . 1 8 3 1 . 9 5
. 1 9 1 0 1 . 6 4 3 2 6 8 . 5 5 1 6 . 4 5
. 1 8 8 0 1 . 6 6 0 4 3 0 5 . 8 3 - 5 6 . 8 3
. 1 8 7 0 1 . 6 6 6 2 1 3 8 . 2 3 - 6 9 . 6 0
. 1 8 3 0 1 . 6 8 9 7 2 8 3 . 3 5 - 2 6 . 3 3
. 1 5 8 0 1 . 8 4 9 1 2 7 5 . 5 5 - 3 4 . 4 0
. 1 4 8 0 1 . 9 2 0 1 1 . 7 0 2 8 . 9 2
. 1 4 6 0 1 . 9 3 4 9 1 3 . 7 3 6 0 . 5 5
. 1 3 7 0 2 . 0 0 4 0 9 9 . 0 0 1 6 . 4 3
. 11 6 0 2 . 1 8 4 6 5 0 . 5 5 4 9 . 7 5
. 11 2 0 2 . 2 2 2 7 1 7 6 . 8 8 1 4 . 7 3
. 11 0 0 2 . 2 4 2 3 2 3 3 . 3 5 2 6 . 8 ?

. 1 0 9 0 2 . 2 5 2 2 2 6 3 . 3 8 1 2 . 5 8

. 0 9 6 0 2 . 3 9 0 1 1 6 5 . 0 0 5 6 . 5 5

. 0 9 5 9 2 . 3 9 1 2 3 0 . 6 3 8 9 . 1 3

. 0 9 0 2 2 . 4 5 7 8 1 7 8 . 0 5 5 3 . 8 7

. 0 8 9 3 2 . 4 6 8 7 1 8 3 . 5 8 - 1 7 . 3 7

. 0 8 6 9 2 . 4 9 8 2 2 2 8 . 8 5 - 9 . 2 7

. 0 6 3 4 2 2 2 . 7 1 7 4 . 3 6
.0764 2 . 6 3 8 0 1 2 5 . 4 8 - 5 9 . 4 0
. 0 7 4 0 2 . 6 7 2 7 2 5 1 . 3 8 - 6 3 . 9 8
. 0 7 2 0 2 . 7 0 2 5 3 1 . 3 8 2 3 . 3 2
. 0 7 1 4 2 . 7 11 5 2 11 . 2 3 - 3 6 . 2 3
. 0 6 9 8 2 . 7 3 6 1 1 0 . 5 3 - 1 8 . 1 5

.0682 2 . 7 6 1 3 1 4 1 . 5 3 - 8 . 5 3

.0540 3 . 0 1 4 8 1 3 6 . 7 3 - 4 3 . 3 2

.0540 3 . 0 1 4 8 4 4 . 2 8 - 4 0 . 4 2

. 0 4 9 5 3 . 1 0 9 3 3 2 6 . 3 5 - 1 6 . 2 7

.0473 3 . 1 5 8 6 3 4 5 . 5 8 2 7 . 9 2

. 0 4 5 8 3 . 1 9 3 6 3 2 5 . 6 8 9 . 7 5
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