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DOCUMENT ORGANIZATION

The Shuttle Flight Operations Manual (SFOM) will be published in separate in-
dividually bound volumes. Publication of the updated editions of the volumes

will be staggered throughout 1980. . .

The following listing of all SFOM volumes shows the responsible book managers
to whom all technical questions should be addressed. Requests for single
copies of specific SFOM volumes should be addressed to the book manager in
writing or by telephone. Multiple-copy requests for a specific volume must
be addressed to the book manager in writing stating the number of copies re-
quired and giving a brief statement of justification. Requests for a com-
plete set of SFOM volumes must be addressed to the Division Chief/CTPD in

writing including a statement of justification.

VOLUME TITLE 'BOOK MANAGER PHONE NUMBER
1 Caution and Warning CG3/J. Cotter (713) 483-2213
2 Electrical Power System D. Cole -2213
3 Environment Control and Life J. Cotter -2213

Support Systems
4 Communications & Instrumentation
A. Audio CG3/J. Pickering -2213
B. S-Band J. Pickering -2213
C. Ku-Band R. DePaolo -2213
D. TV .D. Brooks -2541
E. Instrumentation P. Amin -2213
5 Data Processing ‘System CG6/K. Abotteen -3291
6 Guidance, Navigation, and CG3/R. DePaolo -2213
Control Hardware
7 Applications Software CG6/M. Brekke ~-4637
8 Propulsion
A. Main Propulsion System CG3/D. Holkan -2213
B. Solid Rocket Booster System D. Holkan -2213
C. Orbital Maneuvering System K. Black -2213
D. Reaction Control System K. Black -2213
9 Auxiliary Power Unit/Hydraulics S. Harrison -2213-
10 Structures and Mechanical S. Harrison -2213
A. ET Umbilical Doors System S. Harrison -2213
B. Active Vent System S. Harrison -2213
C. Payload Bay Door/Radiator System S. Harrison -2213
D. Landing/Deceleration System S. Harrison -2213
11 Aerodynamic Performance CG6/D. Zwingman -4637
12 Crew Systems CG3/R. Snyder -2541
13 Shuttle Displays and Controls D. Brooks -2541
14 Shuttle CRT Displays CG6/M. Gremillion -3753
15 Extravehicular Activity CG3/T. Neal -2541
16 Payload Deployment and Retrieval CG5/B. Kain -2611
Systems
17 Inertial Upper Stage System CG6/G. Laski -4794
18 Spinning Solid Upper State System L. Vande Zande -4794
19 Spacelab Support Systems A. Holt -4794
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SECTION 2
GUIDANCE, NAVIGATION, AND CONTROL APPLICATIONS SOFTWARE

The Shuttle GN&C applications software consists of several principle
functions. They are; guidance, navigation, flight control, redundancy man-
agement, subsystem operating programs and moding, sequencing, and control.
An o;egv{ew of these functions relating inputs and outputs is shown in fig-
Ure U™l

Software processing of these principle functions is highly dependent upon
flight phase. Therefore, each section contains a general functional de-
scription followed by descriptions for each Operational Sequence (OPS)
where appropriate. ' '

For those functions for which the BFS processing differs from the Primary

Avionics Software System (PASS), an additional paragraph is included fol-
lowing the PASS description.
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SECTION 1
INTRODUCTION -

1.1 PURPOSE

The purpose of the Shuttle Flight Operations Manual, Vol. 7 - Applications
Software, is to provide a compilation of the functional description of the
Space Transportation System (STS) application's software, including Guid-

ance, Navigation, and Control (GN&C), Redundancy Management (RM), software
sequencing, Subsystem Operating Programs (SOP), hardware data processing,

and Systems Management (SM) software.

1.2 SCOPE

This SFOM provides GN&C and SM applications software reference information
specifically for the flight crew and flight operations personnel. It is
comprised of the following sections:

o Section 1, Introduction - This section describes the purpose, scope,
authority, control, publication, and revisions of this volume.

o Section 2, GN&C Applications Software - This section provides a func-
tional description of the guidance, navigation, and flight control
software, software sequencing, RM, and SOP, along with the related

. hardware data processing for each flight phase.

e Section 3, Systems Management Software - This section provides a func-
tional description of the software which is responsible for acquiring
subsystem data, performing Fault Detection and Annunciation (FDA), and
processing the data for display.

1.3 AUTHORITY

The Crew Training and Procedures Division (CTPD) within the Flight Opera-
tions Directorate (FOD) has the responsibility to develop crew procedures
and to provide documentation necessary to support training operations as

defined in the Flight Operations Directorate Program Support and Manage-

ment Plan (JSC 10750).

This document, SFOM Volume 7, is CTPD's partial fulfillment of this respoh-
sibility for STS/OPS in the applications software area.

1.4 CONTROL

The STS/OPS Shuttle Flight operations manual (SFOM) is controlled by the

Training Control Board as defined in the Space Shuttle Training Management
Plan (JSC 0993L).

1-1



1.5 FORMAT

This document covers all applications software pertaining to the Space
Shuttle. GN&C software is discussed in section 2 and SM software is
covered in section 3. Sections 2 and 3 are further divided into multiple
subsections to facilitate reference.

The Backup Flight System (BFS) software is not covered in a section of its
own. Instead, BFS deltas are covered immediately following the PASS dis-
cussion of each section.

1.6 PUBLICATIONS AND REVISIONS

This document will be published in Preliminary and Final editions. Each
edition will be revised as required via Page Change Notices (PCN's) or, if
extensive changes are required to a milestone edition, the document will
be issued again as a Revision. The Flight Training Branch of the CTPD has
the responsibility for preparing, coordinating, and maintaining this docu-
ment.

Any organization having requests for changes in distribution, comments,
questions, suggestions, or proposal changes concerning this document
should contact M. A. Brekke (phone 713-483-4637 or FTS 525-4637).

1.7 ACKNOWLEDGMENTS
This manual has been prepared by personnel of the Flight Training Branch,
Crew Training and Procedures Division with documentation and graphics sup-

port by LTV/Kentron International, Inc.

Authors of the various subsections are listed below. All technical ques-
tions should be directed to them.

Section Author Extension
2.1.1 A. S. Marino X4637
2.1.2 A. M. Patterson ' X3048
2.1.3 A. M. Patterson X3048
2.1.4 A. M. Patterson X3048
2.1.5 A. M. Patterson X3048
2.1.6 D. W. Johnson X4637
2.1.7 T. H. Browder X3048
2.1.8 W. A. Chanis X3048
2.1.9 W. E. Powers X3048
2.1.10 W. E. Powers X3048
2.1.11 T. J. Gluszek X3048
2.1.12 P. J. Beauregard X5348
2.1.13 P. J. Beauregard X5348
2.1.14 A. Cavello X3048
2.1.15 A. Cavello X3048
2.1.16 A. Cavello X3048
2.1.17 A. Cavello X3048
2.1.18 J. E. James X4637
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2.1 HARDWARE DATA PROCESSING

2.1.1 Ineftia1 Measurement Unit

Subsystem operating program: The Inertial Measurement Unit (IMJ) SOP
prov!ﬂes accumu1at§3 veioc?ty and compensated attitude data. Also, the
SOP processes both hardware and software Built-in Test Equipment (BITE).
The SOP sends the three sets of IMU attitude, ve-'locitys and BITE data

to RM and other GN&C users (fig. 2.1-1 and fig. 2.1-la

Redundancy management: The IMJ RM software is discussed in terms of atti-

tude and velocity RM. RM is then further discussed in terms of the Se-
}ecti?n Filter (SF) and Fault Detection Identification and Reconfiguration
FDIR).

A1l IMJ RM functions require knowledge of which IMU's are candidates for
RM processing. An IMJ is defined as a candidate for RM processing if the
following are satisfied.

e Crew selection - The IMJ must be crew selected or if crew selection is
not available, the selection status shall be configured as it was at
the end of the most recent flight phase (OPS) in which selection capa-
bility was available. Selection status shall be carried across oPS
transition in protected memory.

o No previous failure - The IMJ must not have been previously declared
Tailed by either the attitude or velocity fault identification
functions.

o No communications fault - The IMJ commfault flag must not be valid.

o No IMJ slewing in progress - The IMJ is not being slewed (realignment
in progress).

Velocity SF: The purpose of the velocity SF is to select single-velocity
values %o provide to navigation.

o Three good IMJ's - The SF middle-value selects the three total velocity
vectors on a component-by-component basis.

o Two good IMU's - The SF averages the two total velocity vectors on a
component -by-component basis.

o One IMJ - The SF will pass the velocity data.

o Zero IMJ - The selected velocity will be set equal to its previous
value.

2-3
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Figure 2.1-1.- Ascent (GNC OPS 1 & 6) IMU data processing.
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Velocity FDIR: The purpose of velocity FDIR is to determine which

In

, 2, or 3) should be declared failed for velocity purposes.

Three gqood IMJ's - FDIR compares each of the IMJ relative velocity

error differences (ejj) to a threshold tolerance (k). Where ej is a
representation of the difference vector between total velocity vectors
for IMJ 1 and IMJ 2, etc. FDIR will declare velocity failures on the
following bases:

IMJ 1 failed if ej2 > k and e13 > Kk
IMJ 2 failed if e12 > k and e23 > k
- IMU 3 failed if e23 > k and e13 > k

each case, the failure is declared after three consecutive miscompares.

Two _good IMU's - FDIR compares the IMU relative velocity vector differ-
ence (ejj) to the threshold tolerance (k). If ejj > k, a fault is
detected, but identifying the faulty IMU presents a dilemma situation.
If BITE indication is present for an IMJ, that IMJ is declared failed.
If not, the dilemma still exists and identificaton of the fault pro-
ceeds into a scheme (skew logic) where each individual accelerometer
(four accelerometers for two IMU's) is checked for bias error. If one
2ccelerometer is found to be bad, that associated IMU is declared
ailed.

One IMU - None.

Zero IMJ - None.

Attitude SF: The function of the attitude SF is to select an IMJ for atti-
tude purposes.

Three good IMJ's - The SF compares each of the IMU relative attitude

vector Terences (ejj) to each other, where ey is a representation
of the difference vector between total attitude vectors for IMJ 1

ang IMU 2. The SF selects the middle value IMU, using the following
scheme:

If ej2 > e13 and ej2 > e23,
then IMJ 3 is se*ected.

If e13 > e23 and e13 > e12,
then IMU 2 is selected.

If ep3 > e13 and e23 > ey,
thgg IM 1 is se1ected%

Two good IMU's - The SF chooses the last IMU selected if this IMU is a

candidate; otherwise, the SF chooses the lowest numbered IMU. The atti-
tude data good threshold is calculated and compared against the atti-
tude error vector (e;j). If the threshold is exceeded, the attitude
data good flag is set”and modes the attitude processor not to use IMU
data until the attitude data good flag is set "good" again.

2-6
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One good IMU - The SF will pass that IMJ's attitude data.

Zero IMJ - The selected attitude data will be set equal to its previous
value and attitude data good flag will be set "bad".

Attitude FDIR: The purpose of attitude FDIR is to determine which IMU (1,

2,

In

or 3) should be declared failed for attitude purposes.

Three good IMU's - FDIR compares each of the IMJ relative attitude

vector differences to a threshold tolerance (k). Where ejz is a repre-
sentation of the difference vector between total attitude vectors for

gMU.l and IMU 2, FDIR will declare attitude failures on the following
asis:

IMU 1 failed if e12 > k and e13 > k
IMU 2 failed if ej2 > k and ep3 > k
IMU 3 failed if ep3 > k and e13 > k
each case, the failure is declared after .three consecutive miscompares.

Two good IMJ's - FDIR compares the IMU relative attitude vector differ-

ence (ejj) to the threshold tolerance (k). If ejj > k, a fault is
detected but identifying the faulty IMU presents a dilemma situation.
If BITE indication is present for an IMU, that IMJ is declared failed.
If not, the dilemna still exists and identification of the fault pro-
ceeds into a scheme (skew logic) where each individual gyro (four gyros
for two IMJ's) is checked for a drift misalignment. If one gyro is
found to be bad, that associated IMJ is declared failed.

One good IMU - None.

Zero IMJ - None.

OPS 9 inertial measurement unit: The IMU SOP is primarily concerned with

ground calibration and alignment of the three IMU's during preflight (GNC
OPS 9). The SOP will also monitor IMU hardware BITE, communications fault,
and some software BITE (fig. 2.1-2).
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' During ground operations, the SOP processes attitude and velocity data.

This data is used to generate calibration and alignment terms since there
are no GNC users during GNC OPS 9.

Each IMJ GNC 9 SOP submode can be described as follows:

o Terminate/Idle - This submode monitors IMJ BITE and status discretes,
sets torque and slew commands to zero, and sets Capacitance Reset
Integrator (CAPRI) scale factors to low gain. TERM/IDLE is called by
software whenever another submode is terminated or defaulted.

o Attitude Determination - This submode uses attitude and velocity data
etermine the transformation from nav base to North/West/Up (NWU)

for each IMU. This submode is required whenever the Orbiter has been
moved on the ground while the IMJ was not inertial. The correct value
of the nav base to NWU transformation for the current navigation base
attitude must be available prior to performing IMJ calibration and
alignment. It requires about four minutes and is done simultaneously
in a1l operating IMU's. At completion of attitude determination, the
TERM/IDLE default submode is automatically called.

e Hangar Calibration A - This submode torques each operating IMJ to 13
cTuster orientations and, using the measured acceleration and accelera-
tion drift at each position, updates the accelerometer and gyro compen-
sation parameters. A1l IMU's are commanded simultaneously and the
submode takes v5.5 hours. At completion, the TERM/IDLE submode is auto-
matically called. _

e Hangar Calibration B - Each IMJ is torqued to four positions, with
rates applied in each position. Comparison of resolver data with a ref-
erence IMJ provides an update of gimbal angle offset errors, outer roll
non-orthogonality errors, and gyro/accelerometer misalignment error
terms. The calibration sequence is IMJ 1-2-3; the reference IMU's are
3-3-1 respectively (a minimum of two IMi's are required). The time
required is 150 minutes. At completion, the TERM/IDLE submode is auto-
matically called.

o Hangar Calibration C - This submode computes the IMJ to IMJ transforma-
tions for the selected launch orientation. Relative attitude error
angles are computed for use in gyro compassing to make the gyro compass
goodness test more sensitive. For three IMI's in operate mode, the
pairwise calibration will be IMU's 1:2; 1:3; 2:3 respectively and takes
3 Tinutes. At completion, the TERM/IDLE submode is automatically
called.

o Preflight Calibration A - Each IMJ is torqued to the seven cardinal
positions to collect vertical acceleration and acceleration drift data.
The terms updated are accelerometer biases and scale factors and gyro
restraints. The gyro mass unbalance error terms are computed, but are
not used to update the gyro mass unbalance compensation parameters.
This submode will calibrate all IMU's (in the operate mode) that are
selected and takes v1.5 hours. At completion, the TERM/IDLE submode is
automatically selected.




e Gyrocompass Alignment - This submode provides an accurate, defined clus-
ter alignment for each IMJ prior to platform release by updating/refin-
ing for each IMJ a transformation relating NWU to an aligned cluster.
Gyrocompass alignment will compute azimuth misalignment for each clus-
ter, the relative azimuth errors between clusters, and a new cluster to
reference transformation for each IMU. The relative azimuth misalign-
ment is used in a reasonableness test performed with IMJ pairs (1:2;
1:3; 2:3 nominally). At the end of this submode, the program will auto-
matically advance to the velocity tilt submode.

o Velocity Tilt - This submode provides an estimation of tilts and drift
between gyrocompass completion and platform release. This data is used
to generate an updated cluster to M50 transformation (REFSMMAT) for use
during in-flight operation. ’

IMJ backup flight system: The BFS will not control the IMU's during warm-
up or runup. %Fe §¥S assumes that upon BFS engagement, the IMJ's are in
the operate mode; hence, the BFS is not required to initialize the IMU's.
However, in the operate mode, the BFS will control the IMJ's for inertial
operation using primary system transferred IMU errors. The BFS IMJ Hard-
ware Interface Program (HIP) does no IMJ moding; however, the BFS must
jssue operate commands upon engagement to all IMU's (fig. 2.1-3).

The BFS will assume IMU low gain CAPRI operation, and will therefore only
command low gain operation. '

A11 PASS IMU errors are compensated in the BFS software except for the
gyro misalignment errors which were determined to be negligible.

The IMU HIP will monitor the hardware BITE and commfault for possible IMU
downmoding. None of the IMJ software BITE is processed by BFS.

For IMJ RM in the BFS, there is no Fault Detection and Identification (FDI).
The only protection provided is the IMJ SF processing. Generally, the BFS
will downmode for BITE and commfault's and generate the "RM FAIL IMU" class
3 message, tone, and down arrow ("+") on the GNC SYS SUMM display.
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Specifically, the velocity data is mid-value selected at the three level,
prime selected to the lowest numbered IMJ at the two level, and prime
selected at the one level. The attitude data is selected similar to the
primary system at the three level. Any downmoding from the velocity SF
will downmode the attitude SF accordingly. At the two level, the attitude
SF will use the same IMJ that the velocity SF is using.” The attitude SF
will pass the attitude data at the one level. Upmoding will occur upon de-
tection of the absence of commfault's during a given cycle. There is no
select/deselect capability in the BFS for IMU's. If all three IMU's have
commfault's/BITE detected simultaneously, then IMJ attitude processing
will not be performed in BFS.

2.1.2 Orbiter Rate Gyro Assemblies

Subsystem operating program: The four Orbiter Rate Gyro Assemblies (RGA's)
provgaé bo%% rates for flight control stability augmentation and Attitude
Direction Indicator (ADI) rate needle signals. The RGA SOP functions are
unit conversion from voltages to deg/s and rate compensation. RGA self-
test is carried out in OPS 9 (prelaunch) and OPS 8 (on-orbit). The RGA
SOP sends RGA 1, 2, and 3 roll, pitch, and yaw rates to RM for selection
filtering and fault identification. Roll, pitch, and yaw rates from RGA

4 are held in standby until RGA 1, 2, or 3 is declared failed (fig. 2.1-4).

Redundancy management: The status of each RGA can be found on the GNC SYS
SUM 1 display, which receives failure and commfault indications from FDIR.

FDIR: The purpose of RGA FDIR is to determine which of the RGA parameters
{ro11 rate, pitch rate, or yaw rate) should be declared failed.

e Candidates are roll, pitch, and yaw rates from RGA 1, 2, and 3.

o FDIR will detect the first failure only. Once the failed RGA is identi-
fied, the failure will be annunciated through a fault message, "RM FAIL
RGA", an SM alert light and tone, and status indication on GNC SYS SUMM
1 of a "¥" on "M" to indicate which RGA has failed. Rates from RGA 4
will then be incorporated into the selection filter and FDIR will
terminate.

e MWhen all four RGA's are operating, RGA 4 rates are held in standby
until RGA 1, 2, or 3 is commfaulted or deselected. For each parameter
type (ro11, pitch, and yaw rate), the following comparisons are made:

Py - P2 > LIM
P1 - P3 > LIM
P2 - P3 > LIM
where LIM = SELECTED RATE * SCALE FACTOR + BIAS
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An RGA is declared failed if any parameter of that RGA is the common
parameter in two miscomparisons for three consecutive times. FDIR sub-
stitutes the RGA 4 rates for the failed RGA and then FDIR terminates.
No subsequent failures will be detected, only commfaults will downmode
the selection filtering scheme.

e A parameter is downmoded (removed from FDIR, but not declared failed)
for a commfault, and the commfault is annunciated for the particular RGA.
If the commfault disappears, the parameter would become a selection fil-
ter candidate again. Should a commfault occur before any failures, the
commfault would be treated as a "first failure" by FDIR, such that FDIR
would terminate upon recognition of that commfault. Should that comm-
fault be resolved, FDIR would resume processing.

Selection filter: The purpose of the RGA SF is to select single values of
roll, pitch, and yaw rates to provide to users.

o Candidates are the rates from RGA 1, 2, and 3. RGA 4 rates are held in
standby until RGA 1, 2, or 3 is commfaulted or declared failed by FDIR.

o Selection filter is downmoded for commfault. If the commfault disap-
pears, the selection filter will upmode.

MVS - When three good rate sets are available, the SF will select the mid-
dTe values of the three roll rates, three pitch rates, and three yaw
rates. Subsequent to the first failure, the SF will always Middle

Value Select (MVS) except for commfaults. No second or third failures
will be detected.

AVE - When two good rate sets are available, the SF will average the two
roTl rates, two pitch rates, and two yaw rates. This mode is achieved
only through commfaults.

PASS - When only one good rate set is available, the SF will pass the good
roll, pitch, and yaw rates to the users. This mode is achieved only
through commfaults.

OPS 8 RGA self-test procedures: Self-test for the Orbiter RGA's is car-
ried out in OPS 8 using the SENSOR SELF-TEST SPEC 40. After the display
has been called, vehicle rates are to be nulled using the RCS JETS VERN,
and minimum accelerations are to be established by placing the vehicle
in free drift (DAP MAN/PULSE mode). After the previous rate nulling has
ge?n accomplished, verify that the rates are within the limits listed
elow.

ROLL < 0.02 deg/s
PITCH < 0.02 deg/s
YAW < 0.02 deg/s
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Next, the hardware bias data needs to be verified by examining the sensed
rates shown on the display. It should be within the limit listed below.

ROLL (R) % .25 deg/s
PITCH (P) £ .165 deg/s
YAW (Y) t ,165 deg/s

If bias data are outside these limits, the option exists to deselect the
appropriate hardware unit. Note that the hardware will be tested, regard-
less of whether a unit is selected or deselected.

After the above verifications have been accomplished, the high or low test
js to be initiated. When the test has been completed, the data are checked
to verify that they are within the proper limits (listed below). If the
data are out of limits for either high or low tests, deselection of the
appropriate RGA is recommended. If an RGA had been previously deselected
and the test looks good, the option exists to reselect that RGA. When one
test (high or low test) is finished, that test must be terminated by a key-
board item number entry before the other test is initiated. Status symbols
will be displayed beside the appropriate data indicating any of the follow-
ing.

4 Data above limit
+ Data below 1limit
M Data missing

A SMRD status indication will be displayed under the STAT column to indi-

cate if a spin motor is not spinning synchronously.

OPS 9 prelaunch rate gyro assembly self-test: The display that will be
used for prelaunch sei%-fest for %ﬁe RGATs is shown in figure 2,1-5.
Items 7 through 10 enable an RGA for self-testing. Under test control,
item 15 initiates self-testing with high values on the enabled sensors;
jtem 16 initiates self-testing with 1ow values on the enabled sensors;
jtem 17 initiates self-testing with both high and low values on all sen-
sors listed; item 18 terminates testing and inhibits all sensors; and
item 19 inhibits all sensors with regard to self-testing. A SMRD indica-
tion will appear under the STAT column if the spin motor on any RGA is
spinning unsynchronously. The 1imits used for on-orbit self-test are also
used for the prelaunch self-tests.
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BFS Orbiter RGA: The main functional module for the Orbiter rate gyro as-

sembly backup flight system is the Orbiter RGA Hardware Interface Program
(ORB RGA HIP). The ORB RGA HIP consists of two submodules that perform se-
lection filtering and rate compensation. In the ORB RGA HIP, selection
filtering is performed before rate compensation. In the primary system,
rate compensation is performed before selection filtering.

Selection filtering in the ORB RGA HIP is performed using mid-value selec-
tion of the measured rate signals from RGA 1, 2, and 3 only. There is no
capability for use of rates from RGA 4 in the selection filtering. One
roll, one pitch, and one yaw rate are selected and sent for rate compensa-
tion. Mid-value select is the only mode of selection filtering used for
ORB RGA HIP. There is no FDIR contained in the ORB RGA HIP. If failures -
or bad rates occur, mid-value selection is performed using the bad rates;
for commfaults, the last value that was seen in compool will be used as
the selection filter input for the commfaulted RGA.

Selected rates are then processed through a rate compensation module which
multiplies the selected middle value rate for each axis by a scale factor
and then adds a bias to obtain compensated rates. The scale factor and
bias values are I-loaded. The compensated rates are then output to the ap-
propriate users.

2.1.3 Solid Rocket Booster Rate Gyro Assembly

SRB RGA SOP: The six Solid Rocket Booster (SRB) RGA's provide pitch and

yaw body rates for flight control stability augmentation in addition to

the Orbiter rol1l rate gyros during ascent until SRB separation. The SRB
RGA SOP performs rate compensation and unit conversion. The SRB RGA SOP
sends the compensated rates to RM for selection filtering and fault identi-
fication (fig. 2.1-6).
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SRB RGA RM: SRB RGA RM consists of FDIR and an SF; however, there is no
provision for fault annunciation to the crew. The SF will select a rate
from the left SRB RGA's and a rate from the right SRB RGA's and flight con-
trol will average them. .
FDIR: FDIR operates only until the first failure. After the first RGA
Failure, FDIR is not available for that SRB. SMRD signals are available,
but are not used and data good flags are not generated. Candidate ele-
ments for FDIR shall be those RGA signals currently selected for the selec-
tion filter. For each parameter type (pitch rate and yaw rate), the fol-
lowing comparisons are made:

Py - P2 > LIM
P1 - P3 > LIM
P2 - P3 > LIM
SELECTED
where LIM = LA%E R SRB * SCALE FACTOR + LIMIT CONSTANT
R

An SRB RGA is declared failed if any parameter of that RGA is the common
parameter in two miscomparisons for three consecutive times. The selec-
tion filter will be notified which SRB RGA has been failed. After the
first failure, FDIR terminates processing for the SRB (L or R) where the
failure was detected. Subsequent failures for that particular SRB will
not be detected. When one RGA is declared failed, a "fourth" set of rates
will be incorporated. This "fourth" rate set will be the selected value
for pitch and yaw, from the other SRB; e.g., if the left SRB has a fail-
ure, the selected pitch and yaw rates from the right SRB will replace the
failed rates for use in left SRB selection filtering.
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Selection filter: The SRB RGA SF shall be considered as a four input SF
with an SF command indicating the usability status of its inputs. The
fourth signal shall be ignored by the SF until one of the three SRB RGA
signals is not usable. The selected SRB rate from the other side, about
the same axis, shall be the fourth parameter and will be used only when
one or more RGA parameters are not available. The fourth input, when ac-
tive, shall not be declared unusable.

The SF will select rates through use of mid-value selection such that when
three good rate sets are available, the SF will select the middle values
of the three pitch and three yaw rates for the left SRB and right SRB.

The SF will not downmode except for a commfault; in which case, the SF
would average two good rate sets or pass one good rate set through to the
users.

BFS SRB RGA: The main functional module for the SRB RGA BFS is the SRB
RGA HIP. The SRB RGA HIP consists of two submodules that perform selec-
tion filtering and rate compensation. In the SRB RGA HIP, selection
filtering is performed before rate compensation. In the primary system,
rate compensation is performed before selection filtering.

The SRB RGA HIP selection filter performs mid-value selection only on the
measured pitch and yaw rates from each SRB. Mid-value selection is the
only mode of selection filtering available to the SRB RGA HIP as there is
no FDIR available to the SRB RGA HIP. 1If failures or bad rates occur,
mid-value selection would be performed using the bad rates; for a comm-
fault, the last value that was seen in compool will be used as the selec-
tion filter input for the commfaulted RGA. ,

Selected rates are then processed through rate compensation which multi-
plies the selected mid-value for each axis for each SRB by a scale factor,
and then adds a bias to obtain compensated rates. The scale factor and
bias values are I-loaded. The compensated rates are then output to the ap-
propriate users.

2.1.4 Accelerometer Assembly

Subsystem operating program: The four Accelerometer Assemblies (AA's) pro-
vide normal and lateral body accelerations for load relief in ascent first
stage, flight control stability augmentation in entry, and for ADI error
needle signals during entry Major Modes (MM's) 304 and 305. The AA S0P
performs acceleration compensation and unit conversion. AA self-test is
accomplished during OPS 9 (prelaunch) and OPS 8 (on-orbit). The SOP sends
compensated accelerations from AA 1, 2, 3, and 4 to RM (fig. 2.1-7).
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RM: Status indications for the AA's are displayed on the GNC SYS SUMM 1,
;;?r ascent and entry) which receives commfault and failure status from
R.

FDIR: The purpose of AA FDIR is to determine which AA should be declared
failed.

e Candidates are normal and lateral accelerations from AA's 1, 2, or 3.

o FDIR will detect the first failure only. Once the failed AA is identi-
fied, the failure will be annunciated through a fault message, "RM FAIL
ACC", an SM alert light and tone, and status indications on GNC SYS
SUMM 1 of a "+" or "M" to indicate which AA has failed. Accelerations
from AA 4 will then be incorporated into the selection filter and FDIR
will terminate.

o FDIR downmoding is on an LRU basis. An AA that has been declared
failed may not become a candidate for FDIR again unless it is rese-
lected during OPS 8, self-test.

o Three good parameters sets - When all four AA's are operating, AA 4
accelerations are held in standby until AA 1, 2, or 3 is commfaulted
or declared failed. For each parameter type (normal and lateral
accelerations), the following comparisons are made:

A1 - Ap > CONSTANT
"A} - A3 > CONSTANT
Ay - A3 > CONSTANT

where the constant term is an I-loaded value.

An AA is declared failed if any parameter of that AA is the common
parameter -in two miscomparisons for three consecutive times. FDIR
substitutes the AA 4 accelerations for the failed AA and FDIR
terminates. No subsequent failures will be detected, only
commfaults will downmode the selection filtering scheme.

e An AA is downmoded (withheld from FDIR, but not declared failed) for
commfault. Should the commfault disappear, the AA will become an RM
candidate again. Should a commfault occur before any failures, the
commfault would be treated as a "first failure" by FDIR, such that
FDIR would terminate upon recognition of that commfault. Should that
commfault be resolved, FDIR would resume processing.

Selection filter: The purpose of the AA selection filter is to select
single values of normal and lateral acceleration to provide to users.

e Candidates are the accelerations from AA 1, 2, and 3. AA 4 accelera-
tions are held in standby until AA 1, 2, or 3 is commfaulted or de-
clared failed by FDIR.

e The selection filter is downmoded for commfault. If the commfault
disappears, the selection filter will upmode.
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o MVS - When three good acceleration sets are available, the SF will
select the middle values of the three good normal accelerations and
three good lateral accelerations. Subsequent to the first failure,
the SF will always MVS except for commfaults. No second or third
failures will be detected.

o AVE - When two good acceleration sets are available, the SF will av-
erage the two normal and two lateral accelerations. This mode is
achieved only through commfaults.

o PASS - When only one good acceleration set is available, the SF will
pass the good normal and lateral accelerations to the users. This
mode is achieved only through commfaults.

OPS 8 accelerometer assembly self-test: When the AA SELF-TEST command is
Initiated, an external signal 1s applied to the pendulum causing it to de-
flect a known amount and thus allowing light from the pickoff lamp to hit
the photodiodes. The on-orbit sensor self-test (SENSOR TEST) CRT display
will indicate the test results and test data. After the SENSOR TEST dis-
play has been called, procedures require that the vehicle rates must be
nulled through use of the RCS JETS VERN and minimum accelerations are to
be established by placing the vehicle in free drift (DAP MAN/PULSE mode).
Vehicle rates must be verified according to the limits listed below:

ROLL < 0.02 deg/s
PITCH < 0.02 deg/s
YAW < 0.02 deg/s

The next step is to verify that hardware bias data are within the limits
listed below.

LATERAL Y * 0.9 ft/s2
NORMAL Z * 0.34 ft/s2

If bias data is not within the listed limits, the appropriéte AA is to be
deselected. Initiators of the sensor test are next. When the sensor test
js complete, the self-test limits are to be checked.

LOW LIMIT HIGH LIMIT
LATERAL Y 11.43 ft/s2 20.73 ft/s2
NORMAL Z 45.90 ft/s2 82.80 ft/sl

Status indicators will show whether test results are above (4) or below

(+) limits or if the data are missing (M). Deselection of the appropriate
AA is recommended if the test results are above, below, or missing. If the
self-test data looks good for an AA that had previously been deselected,
the option exists to reselect the AA. When satisfied with the self-test
results, terminate the sensor test (fig. 2.1-7a).

OPS 9 prelaunch sensor test: The display used for self-testing the AA's .
{and some other sensors) during OPS 9, prelaunch, are shown in figure
2.1-8. Self-test information for the accelerometers is at the bottom of
the display.
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Prelaunch self-testing requires that the particular unit to be tested must
be selected or enabled by item number entry. For example, if one wanted
to test AA 2, AA 3, and AA 4, the AA's would have to be enabled by key-in:

ITEM 10 EXEC
ITEM 11 EXEC
ITEM 12 EXEC

If a unit is enabled, an * will appear next to the item number.

To initiate the sensor self-test on the enabled sensors, the START command
(under test control) must be executed by item number entry. The auto se-
quence (AUTO SEQ) command initiates self-testing on all sensors, whether
enabled or not. The terminate (TERM) command terminates testing and in-
hibits all of the sensors. The inhibit all (INH ALL) command inhibits all
of the listed sensors with regard to self-testing. Limits to be checked
for prelaunch self-test are the same as those for on-orbit self-test.

BFS accelerometer assembly: The main functional module for the AA BFS is
the ORB AA HIP, The ORB AA HIP consists of two submodules that perform se-
lection filtering and acceleration compensation. In the ORB AA HIP, selec-
tion filtering is performed before acceleration compensation; in the pri-

mary system, acceleration compensation is performed before selection
filtering.

Selection filtering in the ORB AA HIP is performed using mid-value selec-
tion of the measured accelerations from AA 1, 2, and 3. There is no capa-
bility for use of accelerations from AA 4 in the selection filtering. One
lateral and one normal acceleration are selected and sent for acceleration
compensation. Mid-value select is the only mode of selection filtering
used for the ORB AA HIP. There is no contained in the ORB AA HIP. If
failures or bad accelerations occur, mid-value selection is performed using
the bad accelerations; for commfaults, the last value that was seen in com-
pool will be used as the selection filter input for the commfaulted AA.

Selected accelerations are then processed through the acceleration compen-
sation module which multiplies the selected middle value acceleration for
each axis by a scale factor and then adds a bias to obtain compensated
accelerations. The scale factor and bias values are I-loaded. The com-
pensated rates are then output to the appropriate users.

2.1.5 Controllers/Switches

Three-axis RHC SOP: During MM 102 through 106, 301 through 303, and 601,
The three-axis Rotational Hand Controller (RHC) SOP performs the following
functions for the left (COR) and right (PLT) RHC's (fig. 2.1-9).

e Changes the RHC voltage output to degrees.

o Outputs zero commands for all three axes of an RHC if any one of the
pitch, roll, or yaw data good flags is "bad".
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o Applies a deadband to pitch, roll, and yaw command signals for each RHC.

o Generates an auto to manual downmode signal by axis for flight control
when an RHC deflection exceeds a predetermined detent threshold in an
axis. (While the ascent Digital Autopilot (DAP) is active, a Control
Stick Steering Pushbutton Indicator (CSS PBI) must be depressed for man-
u?} input§ to be implemented in flight control. Downmoding occurs for
all axes.

¢ Generates a software softstop indicator by axis for flight control to
change from a rate command mode to an acceleration command mode when an’
RHC deflection exceeds the software softstop in an axis (only affects
Reaction Control System (RCS) jets - no effect on Orbital Maneuvering
System (OMS). ~

e Sums the deadbanded commands by axis from both RHC's to generate single
manual roll, pitch, and yaw commands.

e For the aft station RHC, transfo}ms the aft RHC outputs based on the
sense switch position prior to any station selection (table 2.1-1).

TABLE 2.1-1.~ AFT RHC GUTPUTS

Tfansformed aft

! ! !
! ! !
! Aft ! RHC outputs (to body axis) !
! RHC ! !
! inputs ! ! !
! ! ! !
% (RHC axis) ! -X sense % -7 sense %

' . .
! T ] o
| +Rol1 ! -Ro11 ! -Yaw !
! Ro ! +Ro 11 ! +Yaw !
! +Pitch ! -Pitch ! -Pitch !
! -Pitch ! +Pitch ! +Pitch !
! +Yaw ! +Yaw ! -Ro11 '
| Yaw ! -Yaw ! +Ro 11 !
! ! ! !

2 axis RHC SOP: During MM 304, 305, 602, and 603, the two axis RHC SOP per-
forms the above functions for the left (CDR) and right (PLT) RHC's for
pitch and ro11 commands only.

SBTC SOP: During MM 102, 103, and 601, the Speed Brake Thrust Controller
ESBTE} S?P1p§rforms the following functions for main engine throttling
fig. 2.1-10). A

e Converts the pilot's compensated manual throttle command to a manual
throttle setting in percent for guidance.
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Provides AUTO and MANUAL flags to illuminate both SBTC AUTO PBI's and
the pilot's MAN PBI. A

During MM 304, 305, 602, and 603, the Speed Brake/Thrust Controller (SBTC)
SOP performs the following functions for manual speed brake control.

Converts the selected manual speed brake command from volts to degrees
for flight control.

Provides takeover latch flags for flight control to identify which
crewnan is presently in control.

Performs station selection for manual speed brake commands.

o The output command shall be chosen from the crewmember who last
depressed the takeover switch. :

e If the command selected for output has a bad data good flag, then
the output command will be held to the value of the last output
command.

o If both crew stations generate simultaneous takeover commands, the
commander shall take precedence.

RPTA SOP: During MM 304, 305; 602, and 603 the RPTA SOI5 performs the fol-
Towing functions (fig. 2.1-10):

Converts the selected transducer commands from volts to degrees.

Performs station selection by selecting either the right or left Rudder
Pedal Transducer Assembly (RPTA) signal provided the associated data
good flag is good, and the command has the largest magnitude of

the two. If both data good flags are bad, the selected signal shall

be set at zero.

Applies a breakout deadband to the station selected command.

Translational Hand Controller (THC) processing: THC processing begins
and continues through MM 303 (fig. 2.1-11).

post Main Engine Cuto

Monitors the sense switch position and transforms the aft station THC
corilmgr)\ds from the -X or -Z sense to the forward station sense (table
2. - . :
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TABLE 2.1-2.- AFT THC QUTPUTS

Transformed aft

! ! !
! ! !
! Aft ! THC outputs (to body axis) !
! RHC ! !
! inputs ! ! !
! ! ! !
! (THC axis) ! -X sense ! -Z sense !
! ! ! !
! ! ! !
! +X (in) | =X 1 -7 !
1 <X (out) ! +X | A !
I +Y (rt) ! -Y ! -Y !
Py (1t) ! +Y ! +Y !
! +Z (dn) ! +7 ! -X !
! -Z (up) ! -7 ! +X !
! ! ! !

o Generates a resultant positive signal if a forward THC positive signal
or a transformed aft THC positive signal is present.

o Generates a resultant negative signal if a forward THC negative signal
or a transformed aft THC negative signal is present.

e Outputs a zero command when both crew stations (COR and aft) generate
conflicting translation commands in an axis.

Checksum SOP: During all flight phases, a checksum word based on certain

General Purpose Computer (GPC) output signals is generated by the checksum
SOP. The checksum word is used by system software to determine the integ-
rity of the flight software.

The checksum word is generated by summing predetermined parameters when-
ever the principal function of their origin is active. At the beginning
of each process cycle, the checksum word shall be nulled. The checksum
word has the least significant bit tolerance, and a disagreement for three
consecutive times in even the least significant bit of a GPC sum word
causes crew annunciation to occur.
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Flight control switch SOP: During OPS 2 and 8, the flight control switch
SUPSperForms the following functions (fig. 2.1-12):

o Performs station selection (the logical "OR") of the forward and aft
orbital DAP switches and the manual mode translation and rotation
switches.

e Transforms the aft manual mode rotational switches according to the po-
sition of the aft sense switch.

TABLE 2.1-3.- AFT ROTATION SENSES

1 1 |
! ! Transformed aft !
| Aft ! mode outputs !
! mode ! !
! inputs* ! ! !
! ! -X sense ! -Z sense !
! ! ! !
! ! ! !
! Roll ! Ro11 ! Yaw !
! Pitch ! Pitch ! Pitch !
! Yaw ! Yaw ! Roll !
| | | |

*For each of the discrete, accel, and pulse modes.
e According to the position of the sense switch, transforms the manual

mode rotational PBI commands from the on-orbit DAP which are used
to illuminate the aft rotational PBI's.

TABLE 2.1-4.- AFT DAP PANEL SENSES

! T !
! ! Transformed aft !
! Aft ! PBI outputs* !
! PBI ! !
! inputs* ! T !
! ! -X sense ! -Z sense !
! ! | !
! | T !
! RoN ! Rol ! Yaw !
! Pitch ! Pitch | Pitch !
! Yaw ! Yaw ! Ro11 !
! ! ! !

* For each of the discrete, accel, and pulse modes.
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Controller RM: Controller RM receives triple redundant signals from the

Teft, right, and aft controllers, and provides the controller SOP with the

selected signal. RM receives the following controller signals:

Left, right, and aft RHC pitch commands A, B, C
Left, right, and aft RHC roll commands A, B, C
Left, right, and aft RHC yaw commands A, B, C
Left and right SBTC commands A, B, C

Left and right RPTA commands A, B, C

Three Good Signals (Nominal Case)

The middle valued signal is selected in the selection filter for output to
the SOP. For the three level RM, the data good indicator is always set
good. The FDIR subtracts pairs of signals and compares the results to an
I-Toad limit:

|A-B| < 1-LOAD, |B-C| < I-LOAD, |c-A] < I1-LOAD

A signal is declared failed by the FDIR if it differs from the other two
signals by more than the I-load 1imit for three consecutive times.

First Failure (Two Good Signals)

When a signal is declared failed by the FDIR, it is deselected from the se-
lection filter and the FDIR. Fault annunciation occurs for failed RHC and
SBTC signals. (For an RHC, a failure in one axis causes the comparable
signals in all axes of that RHC to be deselected from the selection filter
and FDIR.) RM is downmoded to the two level and the two signals are aver-
aged and output to the SOP. The data good test is jmplemented by subtract-
ing the two signals and comparing the results with an I-load 1limit. The
data good flag is set good if the data good limit is not exceeded. The
FDIR continues to subtract the two signals and compare the results to an
I-load limit. If the limit is exceeded for three consecutive times, a di-
lemma condition is annunciated for RHC and SBTC signals. (This is the sec-
ond failure.) A failure caused by a commfault will also downmode RM, but
if the commfault clears, RM will upmode back to the previous level.

Second Failure (One Good Signal)

A second failure caused by a bad signal will not cause RM to downmode, but
will result in the selection filter averaging the remaining good signal
with the bad signal for output to the SOP. However, if the data good
limit is exceeded, the data good flag will be set bad and all signals from
that controller will be set to zero by the SOP. Fault annunciation occurs
for RHC and SBTC dilemma conditions.

A second failure caused by a commfault will result in the selection filter
and the FDIR downmoding to the one level. The remaining signal (good or
bad) is passed through RM with no processing. The data good flag is set
good for one level RM. If the commfault clears, RM will upmode to the two
level.
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Third Failure (No Good Signals)
If RM is at the two level:

® A third failure by a coomfault downmodes the selection filter to the
one level and the remaining signal (good or failed) -is passed through
RM with no processing. The data good flag is set good. If the comm-
fault clears, RM will upmode to the two level.

¢ A third failure caused by the remaining good signal failing will not
change RM and the selection filter will average the two failed signals.
Thedggta good flag will be set good until the data good limit is ex-
ceeded. ‘

If RM is at the one level:

e A third failure by a commfault downmodes the selection filter and FDIR
to the zero level. The data good flag is set bad. The SOP sends zeros
to the flight control system for the controller output. If the comm-
fault clears, RM upmodes to the one level.

o A third failure caused by the remaining signal failing will not affect
RM. The signal is passed through RM with no processing. The data good
flag is set good.

THC RM: RM is performed on the six positions of the left and aft THC's

- Tfig. 2.1-13). Each position (+X, =X, +Y, -Y, +Z, -Z) has three contacts
and is analogous to a three contact switch. (RM writeup follows.) THC

failures are annunciated for the crew. .
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Figure 2.1-13.- THC data processing.
GNC switch RM: Switch RM monitors switch contacts and determines the
outputs for certain switch positions. An example is shown in figure
2.1-14.

Three Contacts Available - The se1ectidn filter output is the majority

vote of the three contacts. That is, two of the three contacts must be
closed (made) for the switch to be in the monitored position. The FDIR
compares all three contacts and declares a contact failed if it differs
from the other two contacts for three consecutive FDIR cycles. A
failed contact is deselected from the selection filter and the FDIR,
and thus downmodes RM to the two contact level.

Two Contacts Available - Both contacts must be closed (made) for the se-
Tection f1lter output to indicate that the switch is in the monitored
position. The FDIR compares the two contacts and declares a dilemma if
the¥ miscompare (one closed and one open) for three consecutive FDIR
cycles.

One Contact Available - The selection filter output is the same as the

single contact input for the monitored position. There is no FDIR
processing at the one contact level.

Commfaults downmode the selection filter and FDIR for as long as the
commfault is present. If the commfault goes away, the selection filter

and

FDIR upmode to the next higher level.
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2.1.6 Aerosurface Actuators

The aerosurface hardware data processing modules and system interface are
shown in figures 2.1-15, 2,1-16, 2.1-17, 2.1-18, 2.1-19. The aeroactuator
command SOP, the primary delta pressure feedback SOP, primary deita pres-
sure feedback RM, body flap command RM, four position feedback SOP's, and
position feedback RM are the modules that are used to perform the interface.
They are described below.

Aero actuator command SOP: Processing of flight control commands for the
Rerosurface Servo Amplitiers (ASA's) is performed by the aero actuator SoP
which accomplishes the following functions.

e Changes the aerosurface position commands from degrees to volts for the
left inboard elevon, left outboard elevon, right inboard elevon, right
outboard elevon, speed brake, and rudder actuators.

e Changes the flight control generated nosewheel steering command from de-
grees to volts and applies compensation factors.

e Converts body flap commands to enable, up, and down solenoid commands.

o Processes bypass commands accomplished through GPC read/writes and over-
ride commands from the Flight Control System (FCS) channel switches (lo-
cated on panel C3) for the elevon, rudder, and speed brake.

Elevon primary delta pressure feedback SOP: During MM 102, the elevon pri-
mary aeita pressures are used by TTight control for load relief indications.
The elevon delta pressure feedback SOP converts the RM-selected primary

delta pressures for the left and right inboard and outboard elevons from
volts to psi for use by the ascent DAP,

Elevon primary delta pressure feedback RM: During MM 102, the elevon pri-
mary aéita pressures are used by tiight control for load relief indications.
The elevon delta pressure feedback RM receives four redundant delta pressure
feedback signals from each of the elevons and provides the SOP with a selected

delta pressure feedback for each elevon.
There are four levels of RM which process signals as follows:

e Nominal three level RM (mid-value select) is performed for the four
good input case with the fourth signal held in standby, and for the
first failure case where the failed signal is replaced with the standby
fourth signal. This is done for all elevons on a Line Replaceable
Unit (LRU) basis.

o Two level RM is performed after the second failure occurs. The two
values are averaged.

o One level RM is performed when a commfault occurs on an Multiplexer/

Demultiplexer (MDM) associated with one of the two existing signals.
The remaining signal is merely passed through the selection filter.
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o Zero level RM occurs when a commfault exists on the MDM associated with
the final signal. At this level, the last valid signal is continually
output by the selection filter.

Body flap command RM: Body flap command RM enables and disables the body
flap pi%ot valves based on crew selection of individual pilot valves.

(Nominally, the crew selects all three pilot valves.) The change in posi-
tion of the body flap and the direction of motion or lack of motion is
computed based on the body flap position feedbacks.

If the body flap is not being commanded to move by the flight control sys-
tem, but movement of the body flap is detected (body flap position change
is greater than 1.5 degrees for an accumulated error count of six), RM
sets a hold on channel 2. That is, channel 2 is commanded in the opposite
direction of the detected body flap motion. The hold on channel 2 is
removed if the body flap motion is not stopped, and a hold is then set on
channel 1. If the motion continues, all holds are removed for six cycles
and then alternately applied to channels 2 and 1 as RM continues to at-
tempt to isolate the failure. Annunciation will occur to alert the crew
of the problem.

If the body flap is being commanded to move by flight control system, but
the direction of body flap motion is not following the flight control com-

mand for a rate count of three, RM checks for a hold on pilot valves 1lor 2.

If no HOLD's are set, crew annunciation occurs. If a HOLD does exist, the
direction of the HOLD is compared to the direction of body flap motion. If
it is the same, the HOLD is removed. If the HOLD is opposite to the direc-
tion the body flap is moving, crew annunciation occurs.

Position feedback SOP's: The four position feedback SOP's are the elevon

,_the rudder POS FDBK SOP, the speed brake POS FDBK SOP, and
the body flap POS FDBK SOP. These SOP's receive RM selected position feed-
backs and perform the following functions:

e Elevon
e Changes the selected elevon feedback data from volts to degrees
for flight control and the crew interfaces.
e Computes the elevator position for flight control by averaging
the selected elevon position feedbacks for the four elevon panels.

¢ Rudder
o Changes the selected rudder feedback data from volts to degrees
for flight control and the crew interfaces.

o Speed Brake
o Changes the selected speed brake feedback data from volts to
degrees for flight control and the crew interfaces.
o Computes the percentage of maximum speed brake position for crew
displays.

e Body Flap

o Changes the selected body flap feedback data from volts to degrees
for flight control and the crew interfaces.
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Aerosurface position feedback RM: Position feedback RM receives four
redundant actuator position feedback signals from the elevons (four

panels), rudder, speed brake, and body flap; and provides the position
feedback SOP with a selected actuator position feedback.

Four Good Actuator Position Feedback Signa1s (Nominal Case)
ChanneT 4 is held in standby, and the middle-vaiued signal is selected in

the selection filter from the remaining three signals for each actuator.
The FDIR subtracts pairs of feedback signals and compares the results to
an I-load limit.

|PFB1-PFB2| < I-LOAD, |PFB2-PFB3| < I-LOAD, |PFB3-PFB1| < I-LOAD

First Failure (Three Good Signa1sE
en a signal 1s declar ai y the FDIR because it differs from the

other two by more than the I-load limit for three consecutive times, the
failed signal is deselected from the selection filter and the FDIR and is
replaced by the standby fourth signal. (For the elevons, deselection

of failed signals is done on an LRU basis.) The select10n filter and FDIR
continue as in the nominal case.

Second Failure (Two Good Signals)

The second failure causes the selection filter and FDIR to downmode to the
two level. The two remaining good signals are averaged in the selection
filter for each actuator and subtracted with the results compared to an
I-load Timit by the FDIR. IF a result exceeds the limit three consecutive
times, a dilemma is declared. (This is the third failure.)

Third Failure (One Good Signal)
A third failure caused by a bad signal will result in the selection filter
averaging the remaining good signal with the bad signal (since it is impos-
sible for RM to isolate the failure) for output to the SOP. FDIR declares
a dilemma. A third failure caused by a commfault will cause the selection
fi]ter and FDIR to downmode to the one level, and the remaining signal is
passed through RM with no processing. If the commfault clears, RM will
upmode to the two level and operate as described above for two level RM.
(Note: A commfault is treated as a failure and will always cause RM to
downmode to the next lower level. However, unlike a bad signal failure,
if the commfault clears, RM upmodes back to the next higher level.)

Fourth Failure (No Good Signals)
e If RM is at the two level:

e A four failure by a commfault downmodes the selection filter and
FDIR to the one level and the remaining signal (good or failed) is
passed through RM with no processing.

o A fourth failure caused by the remaining good signal failing

will not change RM; the selection filter will average the two
failed signals.
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o If RM is at the one level:

o A four failure by a commfault downmodes the selection filter and
FDIR to the zero level. The selection filter outputs the tast valid
signal valve to the SOP.

o A fourth failure caused by the remaining signal failing will not af-
fect RM. The signal is passed through RM with no processing.

H¥drau11c thermal conditioning: The Orbiter hydraulic systems may be therm-
ally conditioned for entry. lhe purpose of the hydraulic thermal condi-

tioning function is to generate simultaneous slew position commands to the
four elevons, rudder, speed brake, and body flap upon receiving a crew in-

dicator, and speed brake commands use a triangular function and the body
flap uses integer commands.

The slew position commands for all the aerosurfaces but the body flaps are
incremented from the initial position to the upper 1imit by a unique con-
stant delta and then decremented by delta to the lower Timit. For the body
flap, all three pilot valves are enabled and the slew command is cycled be-
tween upper and lower limits by integer commands +1. The aerosurface com-
mands are generated cyclically between upper and Tower limits until the
surface drive terminate flag is set. At this time, the commands remain un-
changed from the previous commanded positions.
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2.1.7 Hydraulic System

The hydraulic system SOP monitors triply-redundant hydraulic system pres-
sures to determine fail status of each of three hydraulic systems and de-
termines the total number of good systems available for Priority Rate
Limiting (PRL) in flight control. The nosewheel and main landing gear/
door discretes are also monitored to determine the gear/door status. The
hydraulic system SOP is executed at a 25 Hz rate. Following are the func-
tions, in more detail, of the hydraulic system SOP (fig. 2.1-20):

When the AUTO/MAN failure determination flag is selected AUTO by

the crew via the item entry on the OVERRIDE display, the SOP monitors
each hydraulic system for.a low pressure condition by comparison

to a pressure low limit value, provided the data good flag is "good".
If the pressure is less than the low limit value for a given number
of cycles, a hydraulic system fail status indicator is output to
flight control. If the pressure subsequently exceeds the low limit
value, the hydraulic system status will be set to "not failed”.

When the AUTO/MAN flag is in the manual mode, the hydraulic system
fail status will be output when the crew deselects the hydraulic
system using the RM SENSOR display.

The total number of good hydraulic systems is calculated by subtracting
the number of failed hydraulic systems from the total number of
hydraulic systems and is output to flight control.

Data good flags. are monitored from the selection filter and when
the flag indicates "bad" data, the pressure data from the previous
cycle is sent for processing.

If one or more hydraulic systems has been declared failed, the uplock
discretes and associated commfaults are monitored to determine if a
“gear not up" condition exists. A "gear not up" discrete is sent to
flight control for PRL if three noncommfaulted discretes or more of
the six uplock discretes from proximity sensors indicate a "not up-
locked" state. If the "gear not up" discete is set for a given number
of cycles, a downlock indication is set and output to flight control.
Below a given altitude when a "gear not up" condition exists, a gear
down discrete is sent to flight control.
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When BFS is engaged, the hydraulic system HIP (fig. 2.1-21) performs the
same functions as the hydraulic system SOP with the following exceptions:

There is no failure determination flag and therefore no crew capability
to manually deselect a hydraulic system, causing a system fail status.

No monitoring of altitude or "gear not up" condition is done to set the
gear down discrete.

A11 uplock discretes are monitored, whether commfaulted or not, in
determining "gear not up" condition.
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2.1.8 Main Propulsion System

The Main Propulsion System (MPS) Thrust Vector Control (TVC) Command
(CMD) SOP has two major functions:

o Processes the MPS pitch and yaw actuator position commands.
o Processes the MPS actuator bypass/override requests.

The MPS TVC CMD SOP monitors dump, stow, and control law main engine com-
.mands. Compensation and biasing is performed on position commands from
the ascent DAP when the dump flag from ET SEP SEQ is not set and the stow
flag from MPS DUMP SEQ or ET SEP SEQ is not set.

When the dump flag is set, the MPS TVC CMD SOP cyclically increments (0.20)
the last pitch and yaw position commands until each actuator is in the des-
ignated dump position. The dump position commands take precedence over the
ascent DAP position commands.

When the stow flag from MPS DUMP or ET SEP SEQ is set, the MPS TVC SOP cy-
clically increments (0.20) the last pitch and yaw position commands until
each actuator is in the stowed position.

The stow position commands will take precedence over the dump position com-
mands. During MM 301, the Main Engine (ME) pitch and yaw actuators shall
be cyclically commanded to the stow positions.

The outputs of MPS TVC CMD processing are four redundant commands to each
of the three main engines' pitch and yaw actuators.

The MPS TVC CMD SOP also performs actuator bypass/override processing.
This function shall generate bypass and override secondary channel command
discretes to the three main engine pitch and yaw actuators.

The override discrete will be generated by monitoring the following
override requests:

¢ When a channel switch is in OVERRIDE, override discretes are sent to
all actuators on that channel.

e Forced override command from Redundant Set (R/S) launch sequence is
monitored and results in all the pitch and yaw actuators for all three
ME's receiving the override discrete.

e ME shutdown flags are monitored for each engine. When an engine is in
shutdown, all pitch and yaw actuators for the engine receive the over-
ride discrete for (I-load) cycles (equivalent to 4 sec). The discrete
is then removed.

SSME SOP: The Space Shuttle Main Engine (SSME) SOP monitors ME data for
engine status and for detecting data path and command failures. ME status
and data/command path failure indications are sent to applications soft-
ware for sequencing and display (fig. 2.1-22).
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The SSME SOP disc monitors for command flags.

When a command flag is set,

the SSME SOP will send from a mass memory a command corresponding to the
The commands output by the SSME SOP are sent to the ME

flag that was set.
controllers via the

and 2.1-6 for definitions.

GPC
Command

START ENABLE

START

THROTTLING SETTING

LIMIT CONTROL
INHIBIT

LIMIT CONTROL
ENABLE

SHUTDOWN ENABLE

SHUTOOWN

LO2 DuMP

LH2 DUMP

TERMINATE SEQUENCE

-SELECT CHANNEL B

Engine Interface Units (EIU's). Refer to tables 2.1-5

-

@

TABLE 2.1-5.- SSME SOP COMMAND DEFINITIONS

Engine Controller

Operating Phase

Checkout
Start preparation
Postshutdown

Next Command after
START ENABLE

Al

AN

A

All

Next command after
SHUTDOWN ENABLE

Checkout
Start preparation
Postshutdown

Checkout
Start preparation
Postshutdown

Checkout
Start preparation
Postshutdown

Mainstage
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Function/Engine Controller Acceptability

Valid START ENABLE command regquired by controller
for acceptance of START command. If any command
is transmitted other than START, effectivity of
START ENABLE is terminated. For START command
then to be accepted by controller, START ENABLE
must be retransmitted. (START ENABLE issued at
To -5 seconds.)

(1) Initiates start phase; (2) Terminates purge
sequence 4 (fuel purge); (3) Closes bleed valves.
(START issued at T, -3.8 seconds.)

Sets main engine chamber pressure level, Given in
percent Pc (100 percent thrust level defined as 2960
(psia). Range is 60 percent to 109 percent in 1 per-
cent increments. '

(1) Inhibits controller-initiated engine shutdown;
iZ) deactivates emergency shutdown solenoid valve.
Controlled by LIMIT SHUTDN switch, Pnl C3.)

(1) Enables controller-initiated engine shutdown;
(2) allows activation of the emergency .shutdown
solenoid valve. (Controlled by LIMIT SHUTDN switch.)

Valid SHUTDOWN ENABLE command required for accept-
ance of SHUTDOWN command. If any command is trans-
mitted other than SHUTDOWN, the effectivity of
SHUTDOWN ENABLE is terminated. For SHUTDOWN command
then to be accepted by controller, SHUTDOWN ENABLE
must be retransmitted.

Initiates engine shutdown phase if in start or
mainstage phases. (Sent next cycle after SHUTDOWN
ENABLE is sent.)

Starts oxidizer dump and maintans Main Oxidizer
Valve (MOV) open. (Requires OMS 1 ignition signal
or MPS PRPLNT DUMP LO2 sw-START at MECO + 10 sec
(earliest time) before MPS DUMP sequence issues
command request. to SSME SOP.)

(1) Terminates oxidizer dump; (2) performs fuel
system purge; (3) initiates fuel dump; and
(4) then maintains Main Fuel Valve (MFV) open.

(1) Terminates any sequence during start preparation
or postshutdown and closes all propellant valves;
(2) transfer phase to the postshutdown phase.

Selects main engine controller channel B VDT for
output to that controller's EIU.



——

Data
Indication

MPS

Engine
Ready

Percent Pc

Shutdown
Phase

Postshutdown
Phase

Data
Word

TABLE 2.1-6.- SSME SOP DATA DEFINITIONS

Definition

Following parameters within limits:

o Low Press Fuel Turbop Disch Temp
370 R - 400 R

o Low Press Fuel Turbop Disch Press
42 - 50 psia

o Hi Press Oxid Turbop Disch Temp
163° R - 170.5° R

o Low Press Oxid Turbop Disch Press
101 - 113 psia

o Emergency Shutdown Press
20 - 50 psia

Percent thrust (range 0 - 109 percent)

Affected main engine-is in process
of shutting down.
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Destination

RS LAUNCH SEQ

{a) RS LAUNCH
SEQ

(b) SSME oPS
SEQ

(c) MPS DD SEQ

(a) RCS LAUNCH
SEQ

(b) SSME OPS
SEQ

(c) MPS DD SEQ

{a) RS LAUNCH
SEQ

(b) SSME OPS
SEQ

(c) MPS DD SEQ

Function/Use

Enables RS launch
seq to issue START
commands .

Used for checking

that all three

SSME's > 90 percent
enabling SRB ignition.
If all three > 90 per-
cent after 4 sec,
SSME's shutdown and SRB
ignition inhibited.

T8D

Drives Pc meter.

When percent Pc > 30
percent inhibits manual
and GPC prevalve close
logic; i.e., prevalve
cannot be commanded
¢losed by crew or GPC.
Inhibit removed when
percent Pc < 30 percent.

SRB ignition inhibited.
Remaining two engines
shutdown after a time
delay.

(1) Applies time delays
for prevalve closure
depending upon cause
of engine shutdown
and if RTLS selected.

(2) Used for terminating
MAIN ENGINE SHUTDOWN
pb commands.

(3) If LIMIT SHUTDOWN
switch - ENABLE,
then sends inhibits
to other two engines
to prevent controller
initiated shutdown.

Drives red main engine
status light.
Same as 3

Same as 3

Same as 3



TABLE 2.1-6'.- Concluded

Data . Data
Indication Word Definition Destination Function/Use
Electronic 3 Loss of flow meter data used (a) RS LAUNCH Results in SSME shutdown
Hold (part) mixture ratio control results in SEQ and SRB ignition inhibit.
main engine controller freezing
engine at last commanded position.
(b) Gax Sends electronic hold
indication to systems
software for Class 3
alarm (SM Alert).
(c) MPS DD SEQ Used to turn on amber
main engine status light.
Hydraulic 3 One or more of the following engine (a) RS LAUNCH Results in SSME's shutdown
Lockup valves is outside of position limits SEQ and SRB ignition imhibit.
6 percent channel A; 10 percent
channel B - engine controller:
(b) GAX Sends electronic hold
e main fuel valve indication to systems
e main oxid valve software for Class 3
¢ fuel preburner oxid valve alarm (SM ALERT).
e oxid preburner oxid valve
o chamber ccolant valve
(c) MPS OD SEQ Used to turn off amber
main engine status light.
Major 3 One of the following has failed: (a) RS LAUNCH Resuits in SSME shutdown
Component e Onre controller channel SEQ and SRB ignition inhibit.
Fail e Any shutdown parameter out-of-
limits
o Any main engine prepellant valve
actuator failure
Limit 3 One of the following engine limits MPS DD SEQ Used to turn on red engine
Exceeded exceeded: status light,
Flag o Pc (Ignition to 3.2 sec) =
450 - 3312 psia
(>3.2 sec) = 1183 - 3312 psia
o Hi Press Fuel Turbop Shaft
Speed - 39,100 rpm
o Hi Press Oxid Turbop Shaft
Speed - 32,300 rpm
o Hi Press Fuel Turbine Disch
Temp = 760 - 20100 R
Hi Press Turbine Disch
= 760 - 2140° R
o Hi Press Oxid Turbop Interm
Seal Purge Press = 40 - 270 psia
Pad Data 1,2,4 Either PRI or SEC data lost (a) RS LAUNCH Results in SSME shutdown
Path Fail (prelaunch only - MM 101). SEQ and SRB ignition inhibit.
Data Path 1,2,4 Both PRI and SEC data lost (MM 102, (a) GAX Sends data path fail indi-
Fail 103, and 601). cation to systems software
for Class 3 alarm (SM ALERT).
(b) SSME OPS If LIMIT SHUTDN Switch -
SEQ AUTO, sends inhibit com-
mand to other two engines,
preventing controller-
initiated shutdown.
(c) MPS DD SEQ Used to turn on amber
main engine status light.
Channel 3 Single command chanmrel Tost RS LAUNCH Results in SSME shutdown
Fail (MM 101 only). SEQ and SRB ignition inhibit.
Command 3 Two command channels lost (a) GAX Sends command path fail
Path Fail (MM 102, 103, and 601). indication to systems

software for Class 3
alarm (SM ALERT).

(b) MPS DD SEQ Used to turn on the amber
2.56 main engine status light.
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2.1.9 Solid Rocket Boosters

The SRB Pc RM receives three compensated/calibrated Pc signals from each
SRB. The RM uses a selection filter to output to the SRB SEP SEQ one se-
lected Pc value from each SRB. For no failures, the MVS mode is used on
each set of Pc signals. For one failure, the average of the two good Pc
signals in each set is used. For two failures, the single good Pc signal
is passed through with no selection taking place (PASS mode).

Solid rocket booster thrust vector control command subsystem operating pro-
ram: The purpose of the SRB TVC SOP shall be to perform the goT1ow1ng
unctions:

e Data compensation and unit conversion of the rock and tilt deflection
commands.

o Processing of the SRB actuator bypass/override request.

The SRB TVC actuator bypass/override processing shall generate bypass and
override secondary channel command discretes to the two SRB engines, rock
and tilt actuators.

The override discrete shall be generated by monitoring the following
override requests:

e When the switch is in override, override discretes are sent to all
actuators on the given channel.

e The SRB override flag from Launch Processing System (LPS) shall be
monitored during Auxiliary Power Unit (APU) start-up. When the flag is
set, all the roll and tilt actuator override discretes shall be set.
When the SRB slew indicator from LPS is set, the SRB override discretes
are unset.

o When the SRB SLEW COMPLETE flag is set, all the SRB rock and tilt
actuator override discretes are set. When the SRB FDIR ON flag is
set, the override discretes are unset.

o A1l SRB rock. and tilt actuator override discretes are set when the SRB
SEP MODE flag is received from SRB SEP SEQ.

2.1.10 Reaction Control System

The RCS RM monitors the RCS jets' chamber pressures, temperatures, reac-
tion jet driver output discretes, jet fire commands, and manifold valves
status. It also provides a limited amount of automatic jet deselection
and alerts the crew when a fault is detected.

The Data Processing System (DPS) software provides status information on

MDM Input/Output (I/0) errors to the RCS RM software, referred to as MDM
commfaults (communications faults).
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Commfaults are included in the RCS RM requirements to help prevent the
redundant GPC's from moding to dissimiliar software, to optimize the num-
ber of jets available for use, and to prevent the RCS RM from generating
additional alerts to the Flight Control Operational Software (FCOS)-
generated alerts associated with commfaults. The RCS RM uses the MDM and
Line Replaceable Unit (LRU) commfaults (where LRU is defined to be either
one RCS jet or one RCS manifold), and will reconfigure for commfaults, re-
gardless of whether the commfault is permanent, permanent and subsequently
removed, or transient. Note that moding for RCS manifold LRU commfaults
occurs only in OPS 1.

A jet with an LRU commfault will not have any of its status flags or
counters modified as long as the fault exists, except by subsequent crew
action. LRU commfaults or transducer failures will cause the quantity mon-
jtor to use substitute measurements or constants, and the CRT's will show
an "M" to indicate missing data. If a substitute is not available, or a
constant is used, the calculations are suspended, a "+" appears on the

CRT, and a class 3 alarm is output.

The input signals associated with each RCS jet are a chamber pressure dis-
crete, fuel and oxidizer injector temperatures, and reaction jet driver
output discrete. The input signals associated with each manifold are the
op?n and close discretes for the fuel and oxidizer manifold isolation
valves.

Jet failed on monitor: The jet failed on monitor uses the Reaction Jet
Driver (RJD) output discretes and the jet fire command discretes provided
by the RCS CMD SOP to detect jets failed on.

The jet failed on monitor uses the jet fire command A discretes, the RJD

output discretes, the jet RM inhibit discretes, and the jet LRU commfault

discretes as inputs; and outputs the jet failed on indicator discretes and

ghe jet failed on counter discretes. There are 44 of each of these
iscretes.

The jet failed on logic AND's the reaction jet driver output discrete with
the complement of the jet fire command A discrete, and declares the jet
failed on if this calculation is true for three consecutive cycles. Con-
secutive passes are not affected by commfaults or by cycles in which there
are fire commands for the affected jets. The three consecutive cycle logic
will be reset, however, if the noncommanded jet has its reaction jet driver
output discrete reset to indicate the jet is not firing. A jet failed on
will not be automatically deselected by RM, nor will the DAP reconfigure
.the jet selections.

A jet failed on determination will set the jet failed on indicator discrete
and the jet failed on counter discrete. These discretes will be reset when
the associated jet's RM inhibit discrete is reset. The jet failed on mon-
itor outputs the jet failed on indicators to displays and controls and to
the jet fault limit module.

The jet failed on monitor design is valid for a minimum jet fire command
pulse of 80 msec on and 80 msec off. The crew will be alerted by a class
2 alarm, the backup C&W light and RCS jet light on the Caution/Warning
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(C&W) matrix on panel F7, a fault message on the CRT fault message line,
and jet on indications on the RCS SPEC display and the GNC SYS SUMM 1 and
2 displays. The jet failed on monitor is active in OPS 1, 2, 3, 6, and 8
in the PASS; and 1, 3, and 6 for the BFS, but only if BFS is engaged.

Jet failed off monitor: The jet failed off monitor uses the jet fire com-
mand discretes provided by the RCS CMD SOP, and the jet chamber pressure
feedback discretes provided by the RID's to detect jets failed off.

The jet failed off monitor uses the jet fire command A discretes, the jet
chamber pressure discretes, the jet RM inhibit discretes, and the jet LRU
commfault discretes as inputs; and outputs the jet failed off indicator
discretes and the jet failed off counter discretes. There are 44 of each
of these discretes.

The jet failed off logic AND's and the jet fire command A discrete with
the complement of the jet chamber pressure discrete, and declares the jet
failed off of this calculation is true for three consecutive cycles. Con-
secutive passes are not affected by commfaults or by cycles in which there
are no fire commands for the affected jets. However, consecutive passes
leading to a failed off indication miust begin anew if, prior to reaching
the third consecutive cycle, the fire command and its associated pressure
discrete indicates that the jet has fired. The RCS RM will automatically
deselect a jet which has failed off, and the DAP will reconfigure jet se-
lection accordingly unless the jet deselection limit for that RCS pod

has been reached.

A failed off jet determination will set the associated jet failed off indi-
cator and the jet failed off counter discretes. These discretes will be
reset when the associated jet's RM inhibit discrete is reset. The jet
failed off monitor outputs these jet failed off indicator discretes to the
jet fault limit module and to displays and controls. The jet failed off
monitor will be inhibited for that jet which has failed off until the crew
resets the RM inhibit discrete. '

The jet failed off monitor design is valid for a minimum jet fire command
pulse mode of 80 msec on and 80 msec off. The crew is alerted to a fail-
ure by a class 2 alarm, the backup C&W light and RCS jet light on the C&W
matrix on panel F7, a fault message on the CRT fault message line, and a
jet off indication on the RCS SPEC display and the GNC SYS SUMM 1 and 2
displays. The jet failed off monitor is active in OPS 2, 3, 6, and 8 in
the PASS: and 1, 3, and 6 for the BFS, but only if BFS is engaged.

Jet leak monitor: The jet leak monitor uses the jet fuel and oxidizer
injector temperature transducer outputs of each jet to detect a leaking
jet.

The jet leak monitor uses the jet fuel and the jet oxidizer injector temp-
eratures, the jet RM inhibit discretes, and the jet LRU commfault discretes
as inputs, and outputs the jet failed leak indicator discretes and the jet
failed leak counter discretes. There are 44 of each of these discretes.

2-59



The jet leak logic compares the jet fuel injector temperatures and the jet
oxidizer injector temperatures with the specified temperature 1imit of 30°
F for three consecutive cycles. Consecutive passes leading to jet failed
leak indication will begin anew if the fuel and oxidizer temperatures are
both greater than 300 F before the jet leak counter reaches 3. The RCS RM
will automatically deselect a jet which is declared leaking and the DAP
will reconfigure jet selection accordingly unless the jet deselection
1imit has been reached for that RCS pod.

A jet failed leak determination will set the associated jet failed leak
indicator and jet failed leak counter discretes. These discretes will be
reset when the associated jet's RM inhibit discrete is reset. The jet
leak monitor outputs the jet failed leak indicator discretes to the jet
fault 1imit module and to crew displays.

The crew is alerted to a failure by a class 2 alarm, the backup C&W light
and the RCS jet light on the C&W matrix on panel F7, a fault message on
the CRT fault message line, and a jet leak indication on the RCS SPEC dis-
play and the GNC SYS SUMM 1 and 2 displays.

The jet leak monitor is active in OPS 2, 3, and 8 for the PASS; and 1, 3,
and 6 for the BFS, but only if BFS is engaged.

Jet fault limit module: The jet fault limit module limits the number of
Jets which can be automatically deselected in response to failures de-
tected by RCS RM. The limits are modifiable by crew input on the RCS
SPEC display (RCS F, L, R jet fail limit integers - one integer per pod).
This module also reconfigures a jet's availability status (jet deselect
output discretes (44)) in response to crew inputs on the RCS SPEC display
(jet RM inhibit discretes (44? and jet deselect input discretes (44)).

@nfgugomatic deselection of a jet occurs if all of the following are sat
isfied: :

o Jet detected failed off or leak (jet on failures do not result in auto-
matic deselection)

o Jet select/deselect status is "SELECT"
o Jet's manifold status is "OPEN"

e RM is not inhibited for this jet

e Jet failure has not been overridden

e The number of automatic deselections of primary jets on this pod is
less than the associated jet fail limit (no 1imit on vernier jets)

A1l jet failures detected will be announced to the crew, even if they do
not cause automatic jet deselection. If multiple failures occur on a jet,
9n1y the last failure will be annunciated. Failure indications are as
indicated in the jet failed off and leak monitors.
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The jet fail 1imit counter is incremented by the number of jets which has
been automatically deselected for that pod by the RCS RM, and it is decre-
mented by one for each automatically deselected jet that is reselected.
The vernier jets do not increment or decrement the jet fail limit counter.
The jet fail limits are individually changeable in major modes 2 and 3on ¥
the RCS SPEC display. An increase in the 1imit allows previously failed
jets to be deselected, providing the above requirements are met. A de-
crease in the limit will not cause a change in the status of any jet.

Note that setting the jet fail limit equal to or less than the number of
jets which have been automatically deselected will effectively inhibit the
RCS RM for that pod.

A jet's status can be changed from deselect to select only by item entry
on the RCS SPEC page. Failure resets or reductions in the jet fail limit
will not cause the status to be reset to select. The select item entries
cause the override to be invoked if there is a declared failure for that
jet, and will make those failures inoperative in the jet fault 1imit mod-
ule. An overridden failure will remain overridden until the applicable
failure is reset.

Automatic deselection of a jet can be prevented by the use of the inhibit
jtem entries on the RCS SPEC page. Changing the inhibit to not inhibited
will reset a jet's failures, but will not cause the jet fail limit to be
incremented or decremented. Reset by use of the RM inhibit of a failure
which has been overridden will reset the override. Jet failures are un-
ordered; that is, if there are more candidates for automatic deselection
than is permitted by the jet fail limit, there is no preference as to
which of the candidates will be deselected.

Manifold status monitor: The manifold status monitor uses the open and
close discretes of the oxidizer and fuel manifold isolation valves (pro-
vided by the motor control assemblies) to determine the open/close sta-
tus for each jet manifold.

The manifold status monitor uses the fuel and oxidizer manifold valve open
discretes (15 of each discrete), the fuel and oxidizer close discretes (15
of each), the manifold status discrete (15 discretes), the manifold LRU
commfault discretes (15 discretes), the MDM commfault discretes (8 dis-
cretes), and the manifold status override discrete (one discrete) as in-
puts; and outputs the manifold open/close status discretes (15 discretes),
the RCS manifold RM dilemma discretes (15 discretes), and the RM power
fail discrete (one discrete).

The manifold status monitor monitors the open and close discretes for each
manifold for any changes of state. A change of state in any one or more
of these discretes will cause a redetermination of that manifold's open/
close status, independent of status changes made by the crew. This re-
determination also contains logic which will determine if a power failure
has occurred, and will determine whether a dilemma exists on a manifold
(tables 2.1-7 and 2.1-8). A power failure condition exists when all of
the open and close discretes on a manifold are false for three consecutive
cycles, and will cause the RM power fail flag to be set. The manifold
sets identified in table 2.1-8 are the only manifolds which require power
failure determination. This flag will remain set until the GAX honors
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it and will then be reset. There is only one RM power fail flag, and all
manifolds are capable of setting it, but each can set the flag only once.
Whenever a dilemma exists for three consecutive passes, the RCS manifold
RM dilemma flag for that manifold will be set. MDM or LRU commfaults will
not modify the dilemma pass counter or the dilemma flag. The flag will be
reset, however, if any of the four manifold open/close discretes change
state.

TABLE 2.1-7.- MANIFOLD STATUS

! LOGICAL STATE ! ! !
! oF ! ! !
! 1 ! i RCS !
! INPUT DISCRETES ! ! MANIFOLD ! MANIFOLD !
! ! ! : ! STATUS ! RM !
! OPEN ! CLOSE ! POWER ! ! DILEMA !
! Fuel ! Ox ! Fuel ! Ox ! FAILURE ! ! !
] 1 ] ] ! es T revious ! No !
it 0 !t 0o !0 Y N ! Close ! No !
tr 0 ! 0! o0 Yt 1 ! NA ! Close ! No !
t 0 ' 0! 1 1 0 ! NA ! Close ! No !
10 ¢ O !l 11 U NARA ! Close ! No !
!0 't 1 Vv 0 Y O ! NA ! Close i Yes !
.o ! 1 ! 0 ' 1 ! _NA ! Close ! Yes !
1o ! 1 11 1Y 0 ' NA ! Close ! Yes !
tr 0 ! 1t 1 !'1 ' NA ! Close ! No !
11 v 0!t o0 !t 0 't NA ! Close ! Yes !
11 ' 0 ' 0 11 ! N/A ! Close ! Yes !
tr'1 't 0 !'Y1 t 0 ! N/ ! Close d Yes !
11T 1r o t*1 t 1 t NA ! Close ! No !
1 1 1 V0 P 0 ! NA ! Open ! No !
!'1 !t 1 v 0 11 v N/ ! Open ! No !
¢t 1 1 1 11 Vv 0 ! N/A ! Open ! No !
1.1 ¢+ 1 11 v 1 ' NA ! Close ! Yes !
1 ] ]

! ! ! ! ! !
dThe manifold status from the previous pass 1s to be maintained.

TABLE 2.1-8.- MANIFOLD SETS
FOR POWER FAILURE DETERMINATION

o Forward No. 3 and Forward No. 4

o Aft Left No. 1 and Aft Right No. 1

o Aft Left No. 2 and Aft Right No. 2

o Aft Left No. 3 and Aft Right No. 3

o Aft Left No. 4 and Aft Right No. 4
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The transition of an MM commfault discrete from false to true will cause
the status of all affected manifolds to be set to close in all major modes.
In Major Mode 1, the same is true of an LRU commfault. In Major Modes 2
and 3, the transition of an LRU commfault will cause no change in manifold
statuses.

The crew is able to override the status of all manifolds on an individual
basis by item entries on the RCS SPEC display via the manifold status over-
ride discretes. The setting of this discrete for a manifold will change
that manifold's status to its complementary state, and will then reset

the override discrete. The use of the manifold status override feature
will not inhibit or modify any of the other functions of the manifold sta-
tus monitor. The module will continue to honor subsequent changes in the
affected manifold's input signals (open/close discretes, commfaults, over-
ride discrete) as specified in this section.

The manifold close status override is used in OPS 1 and 3 to open all mani-
folds whose status is closed and whose open/close discretes are in dilemma.
This discrete can be set by item entry on the override page, and will be
reset to false after the reconfiguration is complete. The use of the man-
ifold close status override feature will not inhibit or modify any of the
other functions of the manifold status monitor.

Available jet status table: The available jet status table module pro-
ziagi a 1ist of jets available for use by the Flight Control Systems
FCS).

The available jet status table uses the manifold open/close discretes (15
discretes) from the manifold status monitor, and the jet deselect output
discretes (44 discretes) from the jet fault 1imit module as inputs; and
outputs the jet available discretes (44 discretes) and the jet status
change discrete (one discrete).

The available jet status logic AND's the jet deselect output discrete with
the manifold open/close status discrete and statuses a jet as _available to

the FCS if the discretes indicate select and open, respectively. The avail-
able jet status table will be computed each time that the jet status change
discrete is true.

In the BFS, jet failures are detected only when BFS is engaged. Jets failed
leaking and jets failed off are detected in the BFS the same as in the PASS,
but the jet chamber pressure feedback discrete is used for fail on detection
in the BFS, rather than the RJD output discrete which is used in the PASS.

2.1.11 Orbital Maneuvering System

OMS engine FDI: The objective of the OMS engine Fault Detection and Iden-
Tification (FDI) is to detect and identify off-nominal thrust performance
of the OMS engines. The OMS engine FDI notifies the crew of the following
conditions:
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o Off - failures during OMS burns

e On - failures prior to commanded ignition

e On - failures after commanded shutdown

The OMS engine FDI is initialized at:

e SRB ignition and terminated at either the end of purge after OMS 1 burn

or at OPS transition from MM 602 to 603 if in RTLS abort

® OMS ignition minus 15 seconds during any OMS burn and terminated after

end of purge

OMS ENGINE FDI PROCESS SUMMARY

1.

DETERMINE WHICH ENGINE(S) SHOULD FIRE, IF ANY

These indications are obtained from guidance (ENGINE ON command) and
from MNVR Display Interface Processor (DIP) (engine selection for
the maneuver)

DELTA VELOCITY -CHECK

If post-MECO, continue; if pre-MECO, go to step 3.

a) Check 2-ENG AV threshold, or 1-ENG AV threshold according to the
number of -engines that should be firing.

b) If AV check fails, set VEL FAIL flag = true.
CHAMBER PRESSURE CHECK

a) If no commfault in the chamber pressures reading, continue; if
commfault is present, go to step 3c. '

b) Check left and right OMS engines' chamber pressures (Pc) against
threshold. Set Pc fail flag if Pc > 76 percent and engine should
be off, or Pc < 76 percent and engine should be on. (The left (or
right) Pc fail flag results in a class 2 alarm with left (or right)
OoMS Pg message, left (or right) OMS C&W light, master alarm, and
tone.

c) If Pc fail flag is true and VEL FAIL flag is true, set OMS ALERT
flag "true" for failed engine. (OMS ALERT flag is used in the
MNVR DIP to display a "+" by the failed engine. This flag is also
used in the next step. Note: the OMS ALERT flag cannot be
set if P, is commfaulted.)

REQUEST ENGINE SHUTDOWN

If the OMS ALERT flag is true for an engine and the engine switch
(panel C3) for that engine is off, set left (or right) OMS fail in-
dication to be used by the OMS firing sequence and guidance.
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2.1.12 Star Tracker Software

The Star Tracker (S TRK) SOP provides coordination of S TRK functions and
processing of S TRK and Crew Optical Alignment Sight (COAS) data. S TRK
SOP then provides line of sight vector measurements of two stars to the
IMU SOP for IMU alignments. Software data flow is shown in figure 2.1-23.
The SOP modules are as follows:

o First-level Keyboard input processor
S TRK supervisor

o Second-level (Called by supervisor) Self-test
- COAS processing
S TRK processing

TERM/IDLE

¢ Third-level (Called by S TRK processing) Occulation test
‘Field-of-view test
Data filter processing
S TRK to COAS processing

Keyboard input processor:

e Transfers the majority of keyboard inputs to the S TRK SOP.
e Automatically modes COAS to deselect whenever a S TRK mode is commanded.

. B]a?ks status message line if S TRK TERM/IDLE mode is selected (per S
TRK). :

e Transfers the manual OP commands directly to the hardware via GPC output
command .,

e Directly processes the selected star commands for the sighting table.

o [If COAS sight or calibration mode is commanded, the status message line
is blanked and S TRK processing is stopped.

o If IMU alignment is in progress, no keyboard inputs will be accepted and
an error message will be displayed.

wn

TRK supervisor:

e Keyboard processing processes the following:

Manual break-track commands

S TRK mode commands

Crew-input star ID's

COAS axis command - default is -z axis
COAS mode commands

COAS update commands
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TRK self-test monitoring
TRK display processing processes the following:

o e
wwn

S TRK magnitudes from hardware

Input vertical displacements from hardware

Input horizontal displacements from hardware

Status line messages

Built-in Test Equipment (BITE) indications

Angle differences and angle errors for sighting table
Sighting table clear keyboard. command

Sighting table delta times

e COAS control processing processes:

e COAS MARK command

e COAS ACCEPT keyboard command

e Calls COAS processing module if either a current MARK or ACCEPT com-
mand has been received

S TRK self-test: Consists of determining if there is a bright-object-
alert. If there is a bright-object-alert, an OCCULT status message - is
displayed and the test is terminated. If there is no bright-object-alert,
then self-test provides a series of test conditions to test the hardware,
after which pass/fail signals are sent to the supervisor.

COAS processing: This will be discussed in the following section.

S TRK processing: First by using selected IMU data, determines if the S
TRK is 1in an UC%ULT position by calling the occult-test module. If there

is no occultation, then either a crew-input star or software selected star

of opportunity will be tested to determine if it is within the S TRK field

of view. If no star is found, OUT-FOV is displayed. If the candidate star
is within the S TRK field of view, SEARCH will be displayed.

o Two types of searches may occur - offset scan or full field scan

e If, during a search period, a star is locked onto, data filter
processing will commence.

o If the data filter processing determines that false tracking has occured.
"FALSE TK" is displayed, a "BREAK TRACK" command is issued, and searching
is resumed. If no false tracking occurs, searching does not resume.

o If no good star is locked onto in either search interval, NO STAR will
be displayed.

e If there is occultation of the S TRK LOS, OCCULT is displayed. Last
pass logic is executed when all other S TRK processing is complete:

o If the -Z S TRK processing is in progress, then the star to COAS
processing module is called.
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o If the crew provided a candidate star, the software automatically
modes to TERM/IDLE.
e Cleans up and reinitializes

S TRK TERM/IDLE: Initializes to zero the output commands to the S TRK.
However, it initializes the horizontal and vertical offset commands equal
to the smallest positive angular valves available. TERM/IDLE also ini-
tializes software flags, including mode indicator for display. As long as
a S TRK is commanded to TERM/IDLE. TERM/IDLE processing will occur once
each time a keyboard entry is executed.

Occultation test: Checks the Orbiter's position against the location of
the Sun, Moon, and Earth to determine occultation (Sun, Moon, or Earth is
in the Field-of-View (FOV) of the S TRK being tested).

Field-of-view test: Determines horizontal and vertical offset angles for

a S TRK and the associated candidate star. The angles are then compared

go a p;eset FOV test angle to determine if the candidate star is with the
TRK FOV.

Data filter processing: Performs first pass initialization. It checks

S TRK input gata for unreasonableness. As long as data is reasonable, aver-
ages of the gimbal angles and offset angles are computed. (If the data be-
comes unreasonable data filter processing is terminated and "last pass"
processing is initiated.) During this process vehicle body rate is checked,
and if it is too high, HI-RATE is displayed and again data filter pro-
cessing is terminated and last pass processing is initiated. If the vehicle
body rate is acceptable, then the "star confirm" logic is executed which
determines if false tracking is occurring. Star confirm logic also deter-
mines if the star sighting data are acceptable for storage into the star
sighting table and controls how the data is moved. If the star confirm
logic stores data on two or more stars, then the two stars with a separation
angle closest to 900 are selected automatically for use by IMJ alignment,
and star alignment is enabled. : .

S TRK to COAS processing: Determines the location of a star in the -Z

coordinates when the star is being tracked in the -Z S TRK axis. The
star unit line-of-sight vector is used to compute the COAS offset angles
for display.

2.1.13 Crew Optical Alignment Sight

The COAS software is controlled and processed by the S TRK SOP which con-
tains the COAS processing module. COAS processing occurs only if there is
a current MARK and/or a current ACCEPT command. The three modes of dese-
lect, calibration, and sight are mutually exculsive. If there is a MARK
command, then either sight processing or calibration processing occurs.

If sight processing occurs, then either COAS target track processing oc-
curs or non-target track processing occurs. If there is an ACCEPT command
and the COAS mode is sight, then COAS sighted stars are processed for data
placement in the star sighting table.
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2.1.14 Microwave Scan Beam Landing System

2.1.14.1 SOP.- The three Microwave Scan Beam Landing System (MSBLS) units
provide range, azimuth, and elevation referenced to antennas located near
the runway for navigation updates and display on the Horizontal Situation
Indicator (HSI). The SOP performs two major tasks during Major Modes

305 and 603. (fig. 2.1-24).

MSBLS input processing:

o Determines if the rate of change of each measurement is reasonable
when compared to a limit. :

o Provides a time tag associated with each measuremeﬁt for navigation.
() Monitors'requests for crew display of data on the HSI.
MSBLS data processing: N

o Converts the range, azimuth, and elevation words received from the
MSBLS input processor to engineering units for the selection filter,
FDIR, and area navigation elements. :

o Generates a range, azimuth, and elevation lock-on status for the
selection filter, FDIR, and GNC SYS SUMM 1 display.

o Generates a range, azimuth, and elevation commfault/lock-on status
for the area navigation function.

¢ Generates an elevation self-test failure indication to FDIR to assist
in resolving dilemmas. C

® Determines if course with respect to runway centerline is within
limits.
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2.1.14.2 RM.- There are no CRT displays associated with MSBLS RM control.
MSBLS RM results are displayed on GNC SYS SUMM 1 display. The only

other indication of an MSBLS problem is the appearance of certain flags
and anomalous data on the HSI if the affected unit is choosen for display.

FDIR: The purpose of MSBLS FDIR is to determine which parameters (range,
azimuth, and/or elevation) should be declared failed and to mode the
se}ection filter in response to these failures during major mode 305
only.

o Candidates are range, azimuth, and elevation from MSBLS 1, 2, and
3 that have not been previously declared failed.

e A parameter is temporarily withheld from FDIR (but not declared
failed) for loss-of-lock or commfault.

o Declaring a parameter failed results in fault annunication and FDIR
downmoding of all parameters associated with the affected MSBLS.

Three good MSBLS's: The following comparisons are made:

[P1 - P2| <K, [P1 - P3| <K, |[P2 - P3| < K.

A parameter (range, azimuth, or elevation) is declared failed if it

is the common parameter in two miscomparisons three consecutive times.
FDIR is downmoded for the entire MSBLS regardless of which parameter
failed.

Two good MSBLS's: The following comparison is made for the remaining
unfailed parameters.

|Ps - Pkl <K

If the tolerance is exceeded three consecutive times the presence of eleva-
tion self-test for each applicable MSBLS is checked. If the indication of
a self-test failure is present, that MSBLS is declared failed and FDIR is
downmoded to the case of one MSBLS. In the event that both MSBLS's or nei-
ther MSBLS indicates a self-test failure FDIR continues as in the two case
and annunicates a dilemma.

One good MSBLS: No FDIR

Selection filter: The purpose of the MLS selection filter is to select
single values of range, azimuth, and elevation and to provide an indica-
tion of validity (DATA GOOD) for each parameter to navigation and the navi-
gation sequences during major modes 305 and 602.

e Candidates are range, azimuth, and elevation from MSBLS 1, 2, and 3
that have not been declared failed.

e A parameter is temporarily withheld from the selection filter for
loss-of-lock or commfault.
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Three good MSBLS's: Selects middle values of three ranges, three
azimufﬁs, and three elevations.

Two good MSBLS's: Averages two ranges, two azimuths, and two elevations
and performs a data good test for each parameter as follows.

|Pi - Pkl <K

whenever the comparison fails, navigation will not utilize the affected
parameter. ‘

One _good MSBLS: Passes the range, azimuth, and elevation.

2.1.14.3 MSBLS self-test processing.- The purpose of MSBLS self-test
processing is to compare the hardware generated range, azimuth, and ele-
vation to onboard limits contained in Vehicle Utility (VU) software. Ad-

ditionally, VU software receives an indication associated with each MSBLS's
internal hardware status.

GNC OPS 9 (preflight): A request for any MSBLS to be in the self-test
mode is made through item entries from the SENSOR SELF-TEST display. WU
software performs its comparison in two steps. First, the range, eleva-
tion, and plus azimuth is compared and then the minus azimuth is compared.
The WU software will not transition to the minus azimuth comparison if
the plus azimuth is out-of-tolerance. This causes the display to freeze
until the test is terminated by item entry. The transition to the minus
azimuth will occur if range and/or elevation is out-of-tolerance. An
out-of-tolerance MSBLS is determined by visual inspection of the various
indicators on the display (e.g., BITE, 4, +). There is no provision to
deselect an MSBLS from software candidacy in GNC OPS 9.

GNC OPS 8 (on-orbit): Self-test operates in the manner described for GNC
0PS 9, except that all MSBLS's are tested simultaneously utilizing the
SENSOR TEST display. Additionally, the crew can deselect MSBLS's as FDIR
and selection filter candidates.

2.1.14.4 BFS MSBLS.- There is no processing of MSBLS by the BFS.

2.1.15 Radar Altimeter

2.1.15.1 SOP.- The two RA units provide altitude from the onboard antennas
to the nearest point on the ground terrain for utilization by guidance and
for display on the Altitude/Vertical Velocity Indicator (AVVI). The SOP
perfngszgne task during MM 603 and 305. The RA data flow is shown in fig-
ure 2.1-25.

RA data processing:

e Converts the altitude received from the RA to engineering units for the
selection filter and AVVI processor.

o Generates a lock-on status for the selection filter.
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e Generates a commfault/lock-on status for the AVVI processor.

o Provides a time tag associated with the altitude measurement for User
Parameter Processing. (UPP).

2.1.15.2 RM.- RA RM is not displayed or controlled on a CRT display. The
only indication of an RA failure is the presence of an OFF flag on the
AWI display if a commfault or loss-of-1ock occurs and the associated RA
is choosen for display.

FDIR: There is no FDIR associated with the radar altimeter data
processing.

Selection filter: The purpose of the ﬁA selection fi]ter is to select a
single altitude and to provide an indication of altitude validity (DATA
GOOD) to UPP during Major Mode 305.

e Candidates are altitude from RAl and RA2.

e An altitude is temporarily withheld from the selection filter for
loss-of-lock or commfault. o

Two RA's: Average two altitudes and performs a data‘gdod test as follows:
IRy - R2| <K
Whenever the comparison fails, guidance will not utilize RA data.

One RA: Passes the altitude.

2.1.15.3 RA self-testing Erocessing.— The purpose of RA self-testing
processing is to compare the har ware-generated altitude to an onboard
1imit contained in VU software. Additionally, VU software receives a va-
lidity indication associated with each RA lock-on status.

GNC OPS 9 (preflight): A request for any RA to be in the self-test mode

s made through item entries from the SENSOR SELF-TEST display, VU software
performs its comparison and freezes the data for display 10 seconds after
a request for self-test is initiated. An out-of-tolerance RA is deter-
mined by visual inspection of the various indications on the display

(e.g&é gggEé 4, +). There is no provision to deselect an RA from software
1“ L]

GNC OPS 8 (on-orbit): Self-test operates in the same manner described for

except that both RA's are tested simultaneously utilizing the
SENSOR TEST display. Additionally, the crew can deselect RA's as selec-
tion filter candidates.

2.1.15.4 BFS RA.- The BFS processes RA for display on the AVVI during
Major Modes 603 and 305. The BFS dedicated display processor will output
RAl if it has valid lock-on. In the event it does not, RA 2 will be
utilized. The BFS dedicated display processor will continue to switch be-
tween the two RA's in an attempt to obtain one with a valid lock-on.
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2.1,16 Tactical Air Command and Naviation

2.1.16.1 SOP.- The three tactical air command and navigatien (tacan) units
provide slant range and magnetic bearing to the selected tacan ground sta-
tion for navigation updates and for display on the HSI and the HORIZ SIT
display. The tacan SOP performs four major functions during Major Modes
304, 305, 602, and 603. (fig. 2.1-26) '
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Self-test processing:

Performs self-test processing in response to tacan RM.
Limit checks the results of self-test to detect failures.
Monitors the status of hardware internal checks to detect failures.

Provides an indication to RM and to the HORIZ SIT display that self-
test is in progress.

Provides range and bearing self-test failure flags for TACAN RM
utilization.

NOTE: Self-test processing is only valid for tacans in the GPC mode of op-

eration. In the event that the tacans are in manual the SOP will
imﬂggiately exit self-test and indicate that both tacans remain in
a dilemma.

Tacan data processing:

Provides a time tag associated with the tacan measurement for utiliza-
tion by RM.

Converts the range and bearing input words to engineering units for UPP,
area navigation, and RM.

Generates a range and bearing lock-on status for RM.

Generates a range and bearing commfault/lock-on status for area naviga-
tion and the HORIZ SIT and GNC SYS SUMM 1 displays.

Computes the current tacan station identification for the site hookup
function.

Monitors créw requests for data to be displayed on the HSI.

Antenna selection processing:

Selects 1ower antenna whenever a new tacan channel is commanded and
provides the site lookup function with the appropriate tacan number
and station identification.

Changes antennas based on range lock-on status and time.

Sets a discrete to prevent the tacan hardware from internally
commanding an antenna change.

NOTE: Normal utilization of tacan antennas are controlled by the SOP when

the antenna switch is in AUTO. This auto selection logic can be
inhibited if the crew selects either the UPPER or LOWER antenna
switch position.
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Tacan channel command processing:

e Converts the channel number selected by navigation for output to the
tacan/MDM control registers.

e Formats the tacan control word to specify, channel, mode, and test con-
ditions for output to the tacan/MDM control registers.

NOTE: During normal processing, navigation and the tacan SOP will automat-
jcally select tacan stations based on availability of stations and
state vector and trajectory dependent parameters. The auto selec-
tion process is only applicable for tacans in the GPC mode of opera-
tion. The crew can override auto selection by placing the tacan(s)
in the manual mode (T/R) and selecting stations utilizing the
thumbwells on the tacan control panel.

2.1.16.2 Tacan RM.- The purpose of tacan RM is to select the best esti-
mate of range and bearing from the asscciated tacan units for utilization
by navigation. Tacan RM is displayed and controlled from the HORIZ SIT
display. Additionally, tacan RM results are displayed on the GNC SYS SUMM
1 display. Tacan RM processing consists of performing eight major func-
tions during Major Modes 304, 305, 602, and 603.

‘Tacan moding executive:

o Provides the overall sequencing and control for tacan RM processing.

o Determines the range and bearing usability status for the range module
and bearing cone-of-confusion calculator.

o Selects a tacan number (1, 2, or 3) for utilization by the cone-of-
‘confusion calculator and navigation.

o Generates a request to change channels based on time and range lock-on
status to navigation.

o Determines tacan operational regimes.

o Generates a validity indication (DATA GOOD) associated with range and
bearing.

NOTE: Range and bearing ushbility is a function of commfault, lock-on,
power, tacan common channel considerations, and crew select/
deselect commands.

Tacan operational regimes are based on altitude above the ground,
elevation angle between the Orbiter and the ground station, and
ground speed.

Cone-of-confusion calculator: The cone-of-confusion calulation is based
on utilizing a selected tacan number in combination with the bearing us-
ability status from the tacan moding executive to determine when the
Orbiter is in the bearing cone-of-confusion. During periods when the
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Orbiter is in this regime an indication is provided to navigation and the
bearing module to not process bearing data.

Bearing module: The bearing module provides the moding for the bearing
postselection filter. This involves FDI, selection filtering, and genera-
tion of data validity (DATA GOOD); determines failures based on self-test
results; and issues various indications for the HORIZ SIT and GNC SYS SUMM
1 displays. Additionally, the bearing module adjusts for readings around
00, This adjustment considers the fact that valid bearing data from the
units could be different. (e.g., bearing 1 = 3599, bearing 2 = 10,
bearing 3 = 3580), A
1. Bearing FDI: The purposes of bearing FDI is to determine which
bearing parameter should be declared failed.

o Bearing candidacy is based on the usability status from the cone-
of-confusion calculator.

o Bearing data, self-test in progress, and self-test failures are
provided by the tacan SOP.

Three good bearing parameters: The following bearing comparisons are
made:

|B; - B2| <K, |By - B3] <K, |Bz - B3| <K

A bearing parameter is declared failed if it is the common parameter in
two miscomparisons three consecutive times. FDI for the bearing parameter
is downmoded to the case of two parameters.

Two good bearing parameters: The two bearing parameters are compared to
a tolerance as follows:

|Bi - Bjl <K

If the tolerance is exceeded an indication of invalid data (DATA GOOD) is
sent to the bearing postselection filter. If a miscompare occurs three
consecutive times, tacan RM issues a request to the tacan SOP for the ap-
plicable tacans to enter the self-test mode. The results are returned to
tacan RM for evaluation. If only one bearing parameter is indicated as
failed, bearing FDI downmodes to the case of one good parameter. In the
event that both bearing parameters or neither bearing parameter indicate
a failure, FDI cannot isolate the failure and a dilemma is annunciated.

NOTE: Only bearing self-test results are evaluated by FDI. In the event
the applicable tacans are not in GPC, FDI will receive an indica-
tion that both tacans are failed for bearing. FDI processing for
range will commence at the termination of self-test regardless of
the results for bearing. .

One good bearing parameter: No FDI

2. Bearing selection filter: The purpose of the bearing selection
filter is to provide bearing data to the bearing postselection filter.
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Three good bearing parameters: Middle value selection of the three
earing parameters

Two_good bearing parameters: Averages the two bearing parameters

One good bearing parameter: Passes the single bearing parameter

3. Bearing postselection filter:

e Outputs selected bearing data and an indication of validity (DATA
GOOD) to navigation.

o Adjust the bearing tolerance utilized to monitor the received .
bearing for changes between successive cycles around 00 (e.g., one
cycle = 10 and the next = 3599).,

e Smooths bearing data for jumps and data dropouts.

NOTE: The bearing postselection filter tests the incoming bearing against
a reference value which is the prior bearing. If the difference
does not exceed a tolerance the bearing is utilized by navigation,
and the reference is updated to this value of incoming bearing.
Whenever the tolerance is exceeded the reference remains unchanged
and the new incoming bearing is compared to it. In the event the
tolerance is exceeded 10 consecutive times the reference is
reinitialized to the current incoming bearing and testing continues
on a cyclic basis.

Range module: The range module provides the moding for the range post-
selection filter. This involves FDI, selection filtering, and generation
of data validity (DATA GOOD); determines failures based on self-test
processing results; and issues various indication for the HORIZ SIT and
GNC SYS SUMM 1 displays. :

1. FDI: The purpose of range FDI is to determine which range parameter
should be declared failed.

o Range candidacy is based on the usability status from the tacan
moding executive.

o Range data, self-test in progress, and self-test failures are pro-
vided by the tacan SOP.

Three good range parameters: The following range comparisons are made:

IRy - Rp| <K, |R; - R3] <K, |R2 - R3| <K

A range parameter is declared failed if it is the common parameter in two
miscomparisons three consecutive times. FDI for the range parameter is
downmoded to the case of two parameters.



Two_good range parameters: The two range parameters are compared to a tol-
erance as follows:

IRy - Rj] <K
If the tolerance is exceeded, an indication of invalid data (DATA GOOD) is
sent to the bearing postselection filter. If a miscompare occurs three
consecutive times, tacan RM issues a request to the tacan SOP for the ap-
plicable units to enter the self-test mode. The results are returned to
tacan RM for evaluation. If only one range parameter is indicated as
failed, range FDI downmodes to the case of one good parameter. In the
event both range parameters or neither range parameter indicates a fail-
ure, FDI cannot isolate the failure and a dilemma is annunciated.

NOTE: Only range self-test results are evaluated by FDI. In the event
the applicable tacans are not in GPC, FDI will receive an indica-
tion that both tacans are failed for range. FDI processing for
bearing will commence at the termination of self-test regardless of
the results for range.

One good range parameter: No FDI

2. Range selection filter: The purpose of the range selection filter is
To provide range data to the range postselection filter.

Three good range parameters: Middle value selection of the three range
parameters. .

Two good rénge;parameters: Averages the two range parameters.

One _good range parameter: Passes the single range parameter.

3. Range postselection filter:

e Outputs selected range data and an indication of validity (DATA
GOOD) to navigation.

e Smooths range data for jumps and data dropouts.

NOTE: The range postselection tests the incoming range against a refer-
ence value which is the previous range. If the difference does not
exceed a tolerance, the range utilized by navigation and the refer-
ence is updated to this value of incoming range. Whenever the tol-
erance is exceeded, the reference remains unchanged and the new in-
coming range is compared to it. In the event the tolerance is
exceeded five consecutive times, the reference is reinitialized to
the current incoming range and testing continues on a cycle basis.

2.1.16.3 Tacan self-test processing.- The purpose of tacan self-test
processing is to compare the hardware generated range and azimuth to
onboard 1imits contained in VU software. Additionally, VU software re-
ceives an indication associated with each tacan's internal hardware sta-
tus.
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GNC OPS 9 (preflight): A request for any tacan to be in the self-test

mode is made through item entries from the SENSOR SELF-TEST display. WU

software performs its comparison and freezes the data for display 10

seconds after a request for self-test is initiated. Any out-of-tolerance

tacan is determined by visual inspection of the various indications

~ on the display (e.g., BITE, +,+). There is no provision to deselect a
tacan from software candidacy in GNC OPS 9.

GNC OPS 8 (on-orbit): Self-test operates in the same manner described for
except that all tacans are tested simultaneously utilizing the

SENSOR TEST display. Additionally, the crew can deselect tacans from

software candidacy. )

2.1.16.4 BFS tacan HIP.- The purpose of the tacan HIP is to control and
monitor the operation of the three tacan systems and to process tacan data
for utilization by navigation. The tacan HIP operates during both
?2genggg§d2;?d engaged modes during Major Modes 304, 305, 602, and 603

ig. 2.1-27).
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Four major tasks are performed.

Tacan data processing:

o Time tags the input data for utilization by navigation.

e Determines range and bearing data validity for utilization by the tacan
data selection and area navigation processors and the HORIZ SIT and GNC
SYS SUMM 1 displays.

o Converts the range and bearing data for utilization by the tacan data
selection processor.

e Computes the current channel jdentification for utilization by the
tacan data selection processor.

NOTE: Range and bearing usability is based on lock-on, commfault, and
power status. Additionally, while preengaged the BFS will not
process range and bearing data if the primary flight software
enters the tacan self-test mode of operation.

Antenna selection processing:

e Selects lower antenna whenever a new tacan channel is commanded.
¢ Changes antennas based on range lock-on status and time.
NOTE: Normal utilization of tacan antennas is controlled by the HIP when
* the antenna switch is in AUTO. This auto selection logic can be
jnhibited if the crew selects either the UPPER or LOWER antenna
switch position.

Tacan channel command processing:

o Converts the channel number selected by navigation for output to the
tacan/MDM control registers.

0 qumats the tacan control word to specify, channel, mode, and test con-
dition for output to the tacan/MDOM control register.

NOTE: During normal processing, navigation and the tacan HIP will automat-
jcally select tacan stations based on availability of stations and
on state vector and trajectory dependent parameters. This auto se-
lection process is only applicable for tacans in the GPC mode of op-
eration. The crew can override auto selection by placing the
tacan(s) in the manual mode (T/R) and selecting stations utilizing
the thumbwells on the tacan control panel.

Data selection processing: The purpose of tacan data selection is to se-

lect the best estimate of range and bearing along with associated validity
indicators.

1. Tacan common channe] processing: This processing determines if a com-
mon channel exists among the tacans and provides this to navigation.
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In the event that a common channel does not exist, navigation will not
be updated with tacan data.

2. Range acquisition filter:

¢ Determines range operational regime based on ground speed.

o Determines if adequate range lock-on has been achieved for tacans on
a common channel.

3. Range usability status: This processing determines the usability of
range data based on power, coomfault, and lock-on status and common
channel considerations.

4. Range selection filter: This processing encompasses the functions of
both selection filtering and two-level fault detection.

o Three good ranges: Middle-value selection of the three ranges.

o Two good ranges: Range associated with the lowest numbered tacan.

o One good range: Outputs the single range.

At the two level the ranges are compared against a tolerance as follows:
IRi - Rjl <K

In the event of a miscompare navigation will not be updated with range
data.

5. Range postselection filter:

e Outputs selected range data and an indication of validity (DATA
GOOD) to navigation.

o Smooths range data for jumps and data dropouts in the manner
described for the primary system.

6. Bearing acquisition filter:

. o Determines bearing operational regime based on ground speed.

e Determines if adequate bearing lock-on has been achieved for tacans
on a common channel.

7. Bearing usability status: This processing determines the usability of
bearing data based on power, commfault, and lock-on status and common
channel considerations.

8. Bearing selection filter: This processing encompasses the functions
of Eotﬁ selection filtering and two level fault detection. Addition-
ally, the bearing selection filter adjusts for readings around 00 in
the same manner as described for the primary system.
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o Three good bearings: Middle value selection of the three bearings.

o Two good bearings: Bearing associated with the Towest numbered tacan.

e One good bearing: Outputs the single bearing.

At the two level the bearings are comparedéagainst a tolerance as follows:
|B; - Bjl <K

In the event of a miscompare, navigation will not be updated with bearing
data.

9. Bearing postselection filter:

o Outputs selected bearing data and an indication of validity (DATA
GO0D) to navigation.

¢ Adjusts bearing data tolerance utilized to monitor the received
bearing in the same manner as described for the primary system.

o Smooths bearing data for jumps and data dropouts.

2.1.17 Aidir Data System

2.1.17.1 RM.- The Air Data System (ADS) provides pressure information rel-
ative to the movement of the Orbiter in the air mass (i.e., flight environ-
ment). Sensors to provide this information consists of two probes and

four Air Data Transducer Assemblies (ADTA's). One probe is located on the
Orbiter's left side; the other on the Orbiter's right side. Two ADTA's are
connected to each probe (fig. 2.1-28). ADS RM provides processing of pres-
sure information prior to its utilization by other software elements.

This processing consists of four major tasks during Major Modes 304, 305,
602, and 603. (fig. 2.1-29)
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These pressures are utilized by the ADS SOP in response to a request
by the CDR or PLT for left probe data to be displayed on the AMI/AVWVI.

These pressures are utilized by the ADS SOP in response to a request
by the CDR or PLT for right probe data to be displayed on the AMI/AVVI,

Comparators C; and Cp are unique constants different for each pressure.

Comparators C?, C4, Cs, Cg, and C7 are dynamic functions of pressure,
side-slip angle, and M. A unique function exists for each pressure.

A DATA GOOD indication is driven from either Cj, C2, or C3 depending
on ADTA candidacy.

Figure 2.1-28.- The ADTA selection filter/FDIR functional flow.
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Probe RM: The purpose of probe RM is to determine if one or both probes
are deployed and to provide this status for other software elements.

e Performs logic to determine if a left probe is deployed by monitoring
redundant deploy and stow discretes from the Forward Motor Control
Assemblies (FMCA's) and combining these with their respective commfault
status from FCOS.

o Performs logic to determine if a right probe is deployed by monitoring
redundant deploy and stow discretes from the FMCA's and combining these
with their respective conmfault status from FCOS.

e Generates a deploy indication associated with each probe for ADS SOP
and entry/landing event 1ight processing.

o Issues an indication for ADTA FDIR, ADTA selection filter, and ADS SOP
ggocessigg to commence based on at least one probe being deployed for
seconds.

ADTA FDIR: The purpose of ADTA FDIR is to determine which of the four
pressures of alpha center pressure (PaC), alpha upper pressure (Pal),
-alpha lower pressure (Pal), and static pressure (Ps) from each of the four
ADTA's should be declared failed and to reconfigure the selection filters
accordingly. This process consists of performing a comparison of ADTA 1
and ADTA 3 pressures (Cl), comparison of ADTA 2 and ADTA 4 pressures (C2),
and a comparison of the left and right pressures (C3). These comparisons
are performed continuously. Additional comparisons of ADTA 1 and ADTA 3
and right side pressures (C4, C5) and ADTA 2 and ADTA 4 and left side pres-
sures ?CG,.C?) are performed conditionally (fig. 2.1-28).

e Candidates are ADTA's 1 through 4 that have not been declared failed or
deselected by the crew.

o An ADTA commfault results in all pressures from the ADTA being withheld
from FDIR (but not declared failed). :

o Declaring a pressure failed (PaC, PadJ, Pal, or Ps) results in fault an-
nunciation and FDIR downmoding for the entire ADTA.

e A probe not being deployed results in removal of the ADTA's associated
with that probe (e.g., ADTA's 1 and 3 for the left probe) as FDIR
candidates.

ADTA FDIR comparisons:

1. Two ADTA's at Cl and C2: In this case, there are two valid pressure
sets (PaC, Pall, Pol and Ps) at each of the Cl, C2, and C3 comparison
check points. The comparisons of [Pj-Pj| < Ck are made at each of the
check points.

‘If a miscomparison occurs three consecutive times at Cl only or C2
only, comparisons C4 and C5 or C6 and C7 are performed. A C4 or C5

.miscompare results in ADTA 1 or ADTA 3 (respectively) being failed,
while a miscompare at C6 or C7 results in ADTA 2 or ADTA 4
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(respectively) being failed. Whenever an ADTA is declared failed for
any pressure (PaC, PaU, PalL, or Ps), FDIR ceases for all pressures
associated with that ADTA. In the event that the results of compari-
son checking is inconclusive (neither ADTA fails or both ADTA's fail),
the logic continues to try and identify the failed ADTA on subsequent
cycles. .

A single miscompare at C3 results in the pressure data being declared
invalid (DATA GOOD) while three consecutive miscompares results in a
dilemma. These indications are utilized by the ADS SOP to mode its
computations for GN&C.

Two ADTA's at C1 and one ADTA at C2: Same as 1 above for Cl, C3, C4,
and C5 comparison checkpoints. C6 and C7 are not performed.

One ADTA at C1 and two ADTA's at C2: Same as 1 above for C2, C3, C6,
and C/ comparison checkpoints. C4 and C5 are not performed.

One ADTA at C1 and one ADTA at C2: Same as 1 above for C3. No other
comparisons are performed.

‘Two ADTA's at C1 and no ADTA's at C2: Cl comparison is the only check

point. The first miscompare would result in a DATA GOOD failure while
three consecutive miscompares would result in a dilemma.

No ADTA's at C1 and two ADTA's at C2: C2 comparison is the only check
point. The first miscompare would result in a DATA GOOD failure,
while three consecutive miscompares would result in a dilemma.

One ADTA at Cl or C2: No ADTA FDIR

No ADTA's at Cl or C2: No ADTA FDIR and a dilemma indication to the
ADS SOP

NOTE: During normal processing the M utilized by ADTA FDIR is generated

by the ADS SOP based on the pressures supplied by ADTA FDIR. When

a dilemma occurs, NAVDAD supplies M. Secondly, during Mach jump 1.1
<M< 1.6) a dilemma declaration will not occur for Ps at the (3
comparison checkpoint.

ADTA selection filters.- The purpose of the ADTA selection filters is to

gggvide pressures for the ADS SOP during Major Modes 304, 305, 602, and

1.

Left (right) ADTA selection filters:

o Left (right) probe must be deployed.
e Candidates are ADTA's 1 and 3 for the left and ADTA's 2 and 4 for

the right that have not been previously declared failed or dese-
lTected by the crew.

® An ADTA commfault results in the ADTA being withheld from the selec-
tion filter, but not declared failed.
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e Two good ADTA's: Averages their output.
o One good ADTA: Passes the output.
e No ADTA's: No output.

2. Center ADTA selection filter:

e Candidates are the left (right) selection filter outputs.
o Averages the left and right selection filter outputs.

o Throughputs the left or right selection filter outputs in the event
only a left or right selection filter meets candidacy requirements.

o Throughputs a single ADTA left or right selection filter output in
‘the event only a single ADTA meets candidacy requirements.

o No output in the event that neither the left or right selection fil-
ter output meets candidacy requirements.

ADTA data conversion:

e Converts the left and right selection filter outputs to engineering
units for utilization by ADTA FDIR and the air data SOP.

2.1.17.2 SOP.- The ADS SOP provides the processing which converts the var-
jous ADTA selection filter output pressures into free-stream air data re-
lated parameters for utilization by GN&C, dedicated display processing,
area navigation, RCS activity 1ight processing, entry/landing event Tlight
processing, and ENTRY TRAJ, VERT SIT, and OVERRIDE displays. Addition-
ally, the SOP provides M and an indication of Mach jump to ADTA FDIR. The
?OP perﬂl)rm;)four major tasks during Major Modes 304, 305, 602, and 603
fig. 2.1-29).

ADTA data conversion:

e Converts the pressures from each ADTA into Mach no. (M), angle-of-attack
(a), and uncorrected pressure altitude (hpu) for the OVERRIDE display.

Air_data parameters for GN&C: Air data parameters are critical to the ac-
complishment of GN&C functions, therefore the SOP will transition between
various air data sources in order to generate the following parameters.

dynamic pressure (q)
angle-of-attack (a)

Mach number (M)

Equivalent Airspeed (EAS)

True Airspeed (TAS)

corrected pressure altitude (hpc)

The source for air data parameter generation for GN&C is based on the in-
terrelationships among probe RM, ADTA FDIR, free-stream M, and crew con-
trols on the HORIZ SIT display (fig. 2.1-30).
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1.

Inertially derived air data parameters: Air data parameters based on
inertially derived information consists of throughputting q, EAS, and
M from the Navigation Derived Air Data (NAVDAD) SOP, a from the atti-
tude processor, and TAS from UPP. Whenever air data related parame-

ters are generated in this manner, hpc will not be utilized to update
navigation.

Probe sensed air data parameters: Air data parameters based on probe
sensed data gonsists og utilizing ADTA center selection filter outputs
to generate q, EAS, M, a, TAS, and hpc.

Default air data parameters: Default air data parameters are com-
prised of throughputting EAS and M from the NAVDAD SOP (fig. 2.1-31),
and an I-load profile of q_and o as a function of earth relative
velocity (VRgL) for a and q. UPP provides TAS. Whenever air data

parameters are generated in this manner, hpc will not be utilized to
update naviga-tion.
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4., Mach jump air data parameters: The Mach jump region is predicted to
occur when 1.1 < M < 1.6. During this peried a is based on the ADTA
center selection outputs. However, M and subsequent parameters such
as q, EAS, and TAS utilize a modified and limited Ps. Whenever air
data parameters are generated in this manner, hpc will not be utilized
to update navigation.

NOTE: The algorithm which utilizes Ps to determine altitude is based on
the 1962 U.S. Standard Atmosphere. A nonstandard correction is ap-
plied to this altitude to account for expected variations in the
temperature lapse rates above the landing runways (EDW, KSC). This
correction is applied until 12,000 ft, at which time the crew input
ALTM from the HORIZ SIT is utilized. The software determined
static temperature (Ts) is utilized to compute TAS and has a simi-
lar correction scheme all the way to the ground.

Landing gear deployed air data parameters: When the hydraulic SOP indi-
cates that the ;anging gear is released, the ADS SOP modifies its computa-
tions of air data related parameters to account for the disturbance

to the air data probes introduced by the nose gear entering the free-

stream.

Air data parameters for dedicated displays: The left (right) ADTA selec-
tion filter outputs are utilized to calculate left (right? air data parame-
ters if the air data switches on panels F6 and F8 are in the LEFT (RIGHT)
positions and the left (right) probe is deployed. Additionally, the de-

ployed probe must have at least one non-commfaulted ADTA.

The parameters provided are hpc and pressure altitude rate (h) for AVVI
dedicated display processing and M, a, and EAS for AMI dedicated display
processing.

The SOP also provides outputs to dedicated display processing in response
to a crew request for the NAV position of the AIR DATA switch. Prior to
probe deployment or during periods when default air data is invoked, the
SOP will throughput M and EAS from the Navigationally-Derived Air Data
(NAVDAD) SOP and o from the attitude processor to AMI dedicated display
processing. Whenever the SOP is providing air data parameters based

on ADTA center selection outputs, Alpha/Mach Indicator (AMI) dedicated
display processing receives the same outputs as GN&C (M, a, EAS). AVVI
dedicated display processing always receives h and h from UPP when

the AIR DATA switch is in the NAV position.

2.1.17.3 ADTA self-test processing.- The purpose of ADTA self-test pro-
cessing is to compare ADTA hardware stored pressures (Pac, Pal, PoU, and
Ps) and total temperature (T) to a set of onboard limits contained in VU
software. Additionally, VU software receives each ADTA's model/status
word which contains the results of various tests performed within the
hardware.

2.1.17.4 Navigation derived air data subsystem operating program.- The pur-
pose of the NAVDAD SOP is to calculate certain air data parameters based

on inertial data (fig. 2.1-31). The parameters are q, M, and EAS. These
parameters are sent to the ADS SOP. NAVDAD parameters are utilized by
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guidance, control, and dedicated display processing during Major Modes
304, 305, 602, and 603.

GNC OPS 9 (preflight): A request for any ADTA's to be in either the high
se1f-test mode or 1ow self-test mode is through item entries from the
RCS/ADTA/RGA display. WU software performs jts comparisons and freezes
the data for display 10 seconds after a request for either high or low
self-test is initiated. An out-of-tolerance ADTA is determined by visual
inspection of the various indications on the display (e.g., BITE, 4,+).
ngrg is no provision to deselect an ADTA from software candidacy in GNC

GNC OPS 8 (on-orbit): Self-test operates in the manner described for GNC
0PS 9, except that all ADTA's are tested simultaneously, utilizing the
RGA/ADTA/RCS display. Additionally, the crew can deselect ADTA's from
software candidacy (fig. 2.1-32).

2.1.17.5 BFS air data HIP.- The function of the air data HIP is to con-
trol and monitor the operation of the air data system and to process air
data information for utilization by GN&C. The air data HIP operates both
preengaged and engaged in Major Modes 304, 305, 602, 603 (fig. 2.1-33).
Five major tasks are performed.
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Probe deployment: There is no RM associated with the deploy discretes. A
probe is considered deployed if one of the redundant discretes received
from the FMCA's is present.

ADTA candidacy: There is no RM associated with the ADTA pressures. ADTA
selection 1s based on commfault status and certain bits of the ADTA
mode/status word.
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