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Foreword

The content of this document was provided by the Shuttle DPS and Navigation Group,
Computer and Navigation Training Branch, Space Flight Training Division, Mission Operations
Directorate (MOD), Lyndon B. Johnson Space Center (JSC), National Aeronautics and Space
Administration (NASA). Technical documentation support was provided by Integrated
Documentation Services (IDS), Hernandez Engineering, Inc. Any questions concerning this
training manual or any recommendations should be directed to the training manual book
manager, DT23/David A. Rose at 244—-7399.

This material is for training purposes only and should not be used as a source of operational
data. All numerical data, displays, and checklist references are intended as examples. To
determine any prerequisites before using this document, consult the applicable Certification
Plan. For shuttle manuals, consult the Flight Operations Support Personnel Training Guide
(Blue Book) or the Crew Training Catalog. For Space Station manuals, consult the appropriate
Space Station Certification Training Guide or Training Administration Management System
(TAMS). The applicable training package should be studied before attending any classroom
session or lesson for which this is a prerequisite.

A Training Materials Evaluation is included at the end of this document. Inputs on this sheet
will be used to evaluate the lesson material. You do not need to sign the sheet.
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Section 1
Air Data System Overview

The purpose of the Air Data System (ADS) is to provide information about the movement and
position of the orbiter in the lower atmosphere. This information affects various functions
performed by the shuttle onboard Guidance, Navigation, and Control (GNC) software. In
addition, air data is available to the flight crew via dedicated displays to assist the crew in mon—
itoring and control of the orbiter. The ADS is designed to be used in GNC Major Modes 304,
305, 602, and 603. The ADS self-test, used to verify system health, is available in GNC OPS 8.

The ADS (Figure 1-1) consists of two deployable probes, one on each side of the orbiter nose,
which sense four pressures: statig)(Rlpha center (), alpha upper (R)), alpha lower (R.)

and the temperature of the ambient atmosphere. These probes are connected by pneumatic lines
to four Air Data Transducer Assemblies (ADTASs), which condition the sensed pressures and
temperature measurements for use by GNC software. Information from each ADTA is trans-
mitted to the orbiter General Purpose Computers (GPCs) via an associated Flight—Ciritical
Forward Multiplexer/Demultiplexer (FF MDM).

Each ADTA and its output undergoes a validation process to prevent the use of failed compo-
nents or corrupted data. Additionally, since each of the ADTAs could supply all the required
data, a selection process reduces the four input data streams to a single output. This function is
performed by ADS Redundancy Management (RM) software.

Once a valid single air data output set is selected, the ADS Subsystem Operating Program (SOP)
applies various algorithms to arrive at the air data parameters for GNC software processing and
crew display:

* Angle of attack

a
*  Mach number M
* Dynamic pressure q
» Corrected pressure altitude Hpc
* Equivalent Airspeed EAS
e True Airspeed TAS

Various onboard software displays provide crew capability to incorporate air data into flight
software GNC processing or to test, monitor, and reconfigure the ADS.

Portions of the dedicated displays, for both commander and pilot, can be driven with air data
information. On these displays, the Altitude/Vertical Velocity Indicator (AVVI) and the Alpha/
Mach Indicator (AMI) tapes can be driven with air data information from either probe or air data
parameters derived from navigation data, depending on crew selection.

Each probe can be separately deployed or stowed by the crew from the flight deck.

Finally, electrical power to each ADTA is controlled by a dedicated circuit breaker.
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Figure 1-1. ADS functional block diagram
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Section 2
Air Data System Hardware

Air Data Probe Assemblies

The air data probes are located on each side of the orbiter nose (Figure 2—1). Each probe is
composed of a pressure head, total temperature (T) head, mast, and heaters. The pressure head
consists of four ports which sensgcPPyu, PyL, and R (Figure 2—-2). Stagnation temperature,

or T, is provided by dual temperature—sensitive resistive elements located at the interface with

the actuator subsystem. Each probe contains heaters that can be activated as required to keep the
probes free of ice, but are not typically used in the current operational environment of the

orbiter.

td178_001

Figure 2—1. Air data probe location
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Figure 2-2. Typical probe

The left air data probe provides identical pressure information over pneumatic lines to ADTAs 1
and 3 (Figure 2-3). ADTAs 2 and 4 receive identical pressure information via pneumatic lines
from the right air data probe. The probes sense pressure information continuously; however, the
ADTAs sample and update this data only every 40 msec.
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Figure 2-3. ProbéADTA/MDM interface functional block diagram
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Some of the air data system hardware performance data and operational limitations are listed
here:

* Performance envelope

Altitude 0 to 105,000 ft
Mach number 0.1t0 3.5
Angle of attack -4 to +20°
Max temperature 850F

* Probe deploy time

Two motors 15 sec
One motor 30 sec
e Maximum probe actuator load 375 IB/ft
* ADTA warmup time 2 seconds
» ADTA operating temperature 350 100 F
* Power
Probe heaters 1300 W per probe (max.)
ADTA 64 W per ADTA

The air data probes are independently deployed by moving the AIR DATA PROBE switches to
the DEPLOY position (Figure 2—4). A deploy request results in closure of the dual series relays
in the Forward Motor Control Assemblies (FMCASs), flowing three—phase AC power to the
probe motors (Figure 2-5). The motors, through differential gearing, are mechanically linked to
an actuator (Figure 2—6) which rotates the probe outward so that it faces forward. With both
motors active, a probe deploys in 15 seconds (dual-motor time). In the event of a motor failure
on a given side, a probe deploys in 30 seconds (single—motor time).

The probe actuators contain limit switches (LSs) that indicate whether a probe is stowed or
deployed. The stow limit switches open immediately as the probe actuator arm begins to move.
When the probe is fully deployed, the arm of the actuator trips the deploy limit switches,
signaling the FMCAs to open the relays and remove power from the motors. In addition, the
GPCs use the limit switch status to determine whether data from a probe, via the ADTAs, can be
processed by GNC software and provided to the dedicated displays.

Positioning the AIR DATA PROBE switches in DEPLOYEAT allows one set of series relays

in the Forward Power Control Assemblies (FPCAS) to close. When the probe is fully deployed,

the same signal used to open the motor relays is also used to close a second set of series relays in
the FPCAs, sending power to the heaters.

Stowing the probes is accomplished in a similar manner. A second switch, AIR DATA PROBE
STOW, must be in the ENABLE position to allow the operation of the STOW position of the
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probe switch. The only other difference for stowing is that two phases of the AC motors are
reversed.

The AIR DATA PROBE switches contain redundant paths so that a single failed electrical bus to
the switch or a failed switch contact does not cause the loss of operational capability to deploy a
probe. Each switch is a three—position, lever—lock switch.

c2
O — o ,ﬁ@
® [ frmr 5 e o2 Clo m=rmm ®
sum || suwn (| RESET)| ACK sunn [ sures || RESET| AC%
wl v J @ @ @ @ I ODE
o o
weser]| D | € f I LEFT_CRT SEL- @.—mm eRT SEL—| weer]| P | f f
menf| 2 3 ) win R e[ g 2 3
® el 4 || 5| 6 @ T -“'- execl| 4 || 5| 6
ops | 7 B 9 o WEE= HIH HI.H 1mm ops || 7 8 9
e e Bl snv
see|| — || o || + @ @ I.I sec||— || o || +
..... cuear|| o || Pro TESTa _sioea Resune| [ cLEAR] PRO
® olg_ @ ‘ole ®
e e
L
JIT T T T T T T T T T T T T T T T 3| I T T T T T T T T T T T TI7 )
’
— — r FCS CHANNEL ]
o —mu— rao © N — ® |o
e o 12
d b wy
" n o - - —~ |*
AN u ) u
HEDID I . . 1 / . ) /
£ £ |\_om )| msn || wmsn O ° Nl
g ] 3 T
AIR DATA oo o s « o o o
PROBE STOW T —
LEFT RIGHT
ENABLE
7
\___{S19 (520)
INHIBIT — -

[——— AIR DATA PROBE ——— |,
EFT RIGI ~ N
DEPLOY/HEAT

<«orovma
<oroma

(3] (59 @ @
- ol |©eeeef:le
STow - e 1 e ™ ™ o
B e @ ®

TD1780208. PNLy 1

Figure 2—4. Panel C3 ADS switches
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Air Data Transducer Assemblies

The ADTAs are located in the forward avionics bays and are cooled by circulating air supplied
by the Environmental Control and Life Support System (ECLSS) (Figures 2—7 and 2-8). The
Line Replaceable Unit (LRU) has air inlet and outlet ducts. Air circulates through each ADTA
but does not flow directly over electronic components, only over adjacent materials that act as a
heat sink for the electronics.
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Each ADTA receives 28 V DC power from one of the three orbiter electrical main buses.
Circuit breakers on MN A PNL 014 (ADTA 1), MN B PNL O15 (ADTA 2), and MN C PNL
016 (ADTAs 3 and 4) apply power to the ADTAs when closed. A parallel line provides a
separate ADTA POWER-ON indication to the ADTAs associated MDM (Figure 2-9). This

indication is accessed by telemetry but not used by GNC flight software. Division of the main
bus electrical power to the ADTAS ensures that a single bus failure will not cause loss of data
from an entire probe. For example, if MN C is unpowered, ADTAs 3 and 4 do not operate, but
left and right side air data information is still provided by ADTAs 1 and 2. Any time an ADTA

is not powered, software bypasses the unit with a commfault.
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Each ADTA (Figure 2—10) consists of four transducers, a calibration and Built—in Test Equip-
ment (BITE) processor, a temperature bridge, an Analog/Digital (A/D) converter, a power
supply, and a digital output circuit.

* Transducer — Receives the raw sensed pressures and contains the data used by
the digital processor to linearize and correct the probe—sensed
measurements (via transducer electronics)

» Temperature bridge — Converts probe—sensed resistive measurements to an analog

circuit voltage
* A/D converter — Digitizes all analog signals
*  Power supply — Provides the 5—, 10—, and 15—-volt power required to operate the

various components

» Digital output circuit — Stores the results of a computational cycle and transmits upon
MDM request

» Digital processor — Provides timing and control for each ADTA computational cycle
and contains pressure, temperature, and BITE algorithms
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Figure 2-10. ADTA functional block diagram
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Pressures sensed by the transducer are converted into a serial digital signal and sent to the digital
processor. The transducer temperature and calibration data are also sent via A/D converter to the
digital processor, which then linearizes and corrects the sensed pressure measurement.

BITE is an integral part of the ADTA processor logic. It performs various tests to determine the
health of the internal components. Some BITE processing is continuous while an ADTA is
powered; however, some special-purpose BITE functions apply only during the period in which
an ADTA undergoes self—test (as is done on orbit during the GNC OPS 8 FCS checkout).

The results of continuous and/or self—test BITE status are reflected in a separaté MODE
STATUS word (16 bits) for each ADTA (refer to Appendix C for the composition of this word).
All the various BITE functions are described in the following lists:

Continuous BITE functions

* Reasonableness test (rate of change) on pressure and temperature measurements received
from the probe

* Reasonableness tests on hardware components (e.g., power supply, A/D conversion)

* Internal processor checks (e.g., arithmetic computation)

Self-test BITE functions

» Determines if a valid self-test command exists

* Cross—compares each pressure measurement within an ADTA

e Outputs a prestored set of pressures and temperatures in response to a self-test command

At the end of each computational cycle, Pyc, Pyu, PoL, temperature, and the MODE/
STATUS word are transferred to the output circuit, and the next cycle begins.

Primary Avionics Software System (PASS) GNC software uses the BITE results for OPS 8
display only. The Backup Flight System (BFS) GNC software does not use the results of BITE
directly, but certain bits of the MODBTATUS word are used to automatically remove an

affected unit from availability. The air data system in the BFS is discussed in detail in Section 7.
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Questions

Identify the four pressures sampled by each probe and fed to the ADTAs.

How many switch throws are required to stow a probe? What are they?

Which ADTASs receive pressures sensed by the right probe? By the left probe?
What is the maximum velocity for processing probe—sensed pressures?

What is the response of PASS software to detection of an ADTA BITE?

o o > W NP

How are the ADTAs powered?
a. CNTL bus power

b. AC power

c. Main bus power

d. Essential bus power

7. How are the air data probe motors powered?

a. CNTL bus power

b. AC power

c. Main bus power

d. Essential bus power

TD178 2-13
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Section 3
Redundancy Management

ADS RM is the area of GNC software which assesses the validity of the air data probes and
ADTA outputs. This validation process ensures the quality of the data passed to the ADTA SOP
for use in the computation of air data parameters. ADS RM includes

» Selection filtering

» Fault Detection, Identification, and Reconfiguration (FDIR)
* Transient testing

» Data conversion

* Flagging dilemma conditions

ADS RM is active in GNC Major Modes 304, 305, 602, and 603.

Probe RM

ADTA SOP and RM processing are keyed to probe status. Redundant DEPLOY and STOW
indications are provided from the probe limit switches. A valid deploy condition exists when the
logic associated with either set of discretes for a given probe is satisfied.

« DEPLOY discrete no. 1 is true and not commfaulted h@W discrete no. 1 is false and
not commfaulted

or

« DEPLOY discrete no. 2 is true and not commfaulted ah@W discrete no. 2 is false and
not commfaulted

Note that these four discretes are divided into two specific sets, one of which must match the
above condition in order for the software to consider a probe deployed; e.g., DEPLOY no. 1 true
and STOW no. 2 false do nsatisfy the discrete logic for a deployed condition.

ADS RM and ADTA SOP will not be processed until at least one probe is deployed; therefore,

an EITHER PROBE DEPLOYED flag must be generated. This flag will go true when both
probes are deployed or when a single probe has been deployed for 15 seconds. The 15—second
timer delays ADTA SOP and ADS RM processing as protection against a deploy limit switch
failure prior to probe deployment. Such a failure would result in the software’s considering the
probe deployed at the moment the crew moved the AIR DATA switch to DEPLOY when, in

fact, it takes it at least 15 seconds (dual-motor time) for the probe to reach the fully deployed
position.

Once the EITHER PROBE DEPLOYED flag has been set, it shall be latched for the remainder
of the flight.
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ADTA Usalbility Status

The output (sensed pressures) from each individual ADTA must satisfy four conditions before it
can be considered valid for use by ADS RM and ADTA SOP:

» Corresponding air data probe considered deployed by software
* Corresponding ADTA not manually deselected (via CRT display)
* Corresponding ADTA not commfaulted

* No parameters & Pyc, Pqu, PyL) failed by FDIR

Selection Filtering

Using inputs from the available ADTAS, the RM software must create three output data sets for
transfer to the ADTA SOP: “left probe data,” “right probe data,” and “selected data.” Left and
right probe data can be seen by the crew on the dedicated displays (Section 5). Selected data is
processed by the ADTA SOP for air data parameters used by GNC flight software. These three
data sets are determined by the following selection filters:

Left selection filter (left probe air data)
* Both ADTAs considered usable — Outputs averaged.
* One ADTA considered usable — Single output used.

* Neither ADTA considered usable (e.g., ADTAs 1 and 3 deselected) — ADTA 1 output used
if available; otherwise, ADTA 3 output used.

Right selection filter (right probe air data)
» Both ADTAs considered usable — Outputs averaged
* One ADTA considered usable — Single output used

* Neither ADTA considered usable (e.g., ADTAs 2 and 4 deselected) — ADTA 2 output used
if available; otherwise, ADTA 4 output used

Center selection filter (selected air data)
» Both probes considered usable — Average of right and left selection filters

* One probe considered usable — Output data from the selection filter of that probe

* Neither side considered usable — RM dilemma declaration
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ADS FDIR

The purpose of ADS FDIR is to determine whether any of the four pressyré®¢PPyu,

PqyL) from each of the available ADTAs should be declared failed and to reconfigure the

selection filters accordingly. This process consists of a comparison of left probe pressures
(ADTAs 1 and 3), a comparison of right probe pressures (ADTAs 2 and 4), and a probe—to—

probe comparison. These comparisons are performed continuously and include a transient test to
protect data transients from being passed along to GNC software. In addition, comparisons of
ADTAs 1 and 3 with the right probe or ADTAs 2 and 4 with the left probe are performed only if

the same—side comparisons have exceeded the threshold values three consecutive times (see
sample case, Figure 3—1). Declaring a pressure failed results in fault annunciation and FDIR
downmoding of the entire ADTA.

The threshold values for the same—side comparison test are constants:
* Ps =0.10in. Hg

*  Pyc =0.064 in. Hg

e Pyu =0.10in. Hg

e PyL =0.10in. Hg

The side—to—side threshold values, however, vary as a function of Mach number and estimated
sideslip.

ADTA 1 ADTA 1 ADTA 1
P=20 _‘I P=20 P=20
Left side
test fails
ADTA 3 ‘l‘ ADTA 3 ADTA 3

P=10 | P=10 v P=10 ‘l’

ADTA 1 ADTA 3
VS. VS.
right side right side
test fails test passes
ADTA2 | ADTA2 | _ ADTA 2
P=10 j P=10 P=10 ]

Right side
test passes

ADTA 4 | ADTA4 | | ADTA 4

P=10 | P=10 P=10

td178_008

Figure 3—-1. ADS FDIR sample case
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ADS Dilemma

A dilemma is a detected fault that has no possibility of being isolated because the only two
sources of data that are available disagree. The conditions for which a dilemma will be declared
are summarized as follows:

Left side (usable) Right side (usable) Dilemma logic

Both ADTAs Both ADTAs Side—to—side test failed
Both ADTAs One ADTA Side—to—side test failed
One ADTA Both ADTAs Side—to—side test failed
One ADTA One ADTA Side—to—side test failed
Both ADTAs No ADTAs Same-side test failed
No ADTAs Both ADTASs Same-side test failed
No ADTAs No ADTAs Automatic dilemma

Note: An exception to the above table occurs in the Mach jump region,
where no side—to-side test is performed guire to air pressure
instability.

When a dilemma is declared, the ADTA SOP stops computing measured air data for GNC and
begins processing Navigation—Derived Air Data (NAVDAD) or Default Air Data (DEFAD),

both of which are described in detail in Appendix D. The ADTA SOP continues processing
measured air data for dedicated displays, regardless of an RM dilemma. FDIR informs the crew
of the RM status via ADTA fail flags (GNC SYS SUMM) and the ADS dilemma flag (GNC

SYS SUMM and F7 C&W matrix).

The crew interfaces with ADS RM via the SELECT/DESELECT item entries on the GNC
OVERRIDE display (SPEC 51) (Figure 3-3). If an ADTA is manually deselected, then it is not
used by RM. When an ADTA has been automatically deselected by RM, this status is latched
until the crew resets it by reselecting the failed ADTA on SPEC 51.
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Questions
1. What part of RM software assesses data validity by comparing sensed pressures to one
another?
a. Selection filtering
b. ADTA usability status
c. FDIR

2. If ADTA 2 is not available, describe how ADS RM would use data from the remaining
ADTAs to determine values for left probe air data, right probe air data, and selected air data.

3. Under what conditions would ADS RM noansider a deployed probe to be usable?

4. Describe the data miscompare conditions which can result in a dilemma declaration by ADS
RM.
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Section 4
ADTA Subsystem Operating Program

The purpose of the ADTA SOP is either to calculate air data parameters from ADTA—supplied
pressures or to throughput similar parameters derived from other software sources. These
parameters are provided for GNC, dedicated displays, ADS RM, and the SPEC 51 OVERRIDE
display.

The SOP receives left, right, and center selection filter pressures (Figure 4-1) in addition to
probe deploy status from RM. RM also supplies data good and dilemma indications for use by
the SOP to determine its set of air data output for GNC. Separate crew controls are provided for
incorporation of air data to flight software guidance and control and/or navigation via item

entries on the SPEC 50 HORIZ SIT display (see Section 5). For periods when probe-sensed
data cannot be used, the SOP throughputs air data parameters based on navigation data
(NAVDAD).

Finally, the ADTA SOP provides Mach number feedback and a Mach jump flag to ADS RM for
various FDIR functions. Air data switch RM provides indications of switch requests for
Commander (CDR) and Pilot (PLT) dedicated displays. The ADTA SOP is active in GNC
Major Modes 304, 305, 602, and 603.
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Air Data Calculations for GNC

The probe—sensed air data parameters for GNC are calculated by ADTA SOP based on the RM
center selection filter outputs, usually reflecting the average of the left and ¢dtid>Pyu,

and R . Calculations using these inputs are initiated whenever either probe is considered
deployed, the ADTA data good flag is set, and the dilemma flag is not set. The ADS calcula-
tions require about four computational cyclesA(sec) to converge to steady state values and the
results are limited by the software to maximum and minimum values. The following parameters
are computed in this process:

+  Dynamic pressuréq, Ib/ft2): 148 < q < 375
* Angle of attack @, deg): -40 < « < 20
e Mach number (M): 0l< M < 3.5
e True Airspeed (TAS, ft/s): 112 < TAS < 3436
* Equivalent Airspeed (EAS, ft/s): 112< EAS < 562
* Corrected pressure altitudegilft): 0 < Hpc < 105,000

Of the above parameters, all excepigtdre used by the guidance and control software modules
during entry, including the cornerstone guidance algorithms (Entry, TAEM, Approach/Landing)
and the Aerojet Digital Autopilot (DAP). g, however, is the only parameter furnished to
navigation software and is not used by guidance and control. This parameter is accompanied by
a time tag used to filter g¢ into the NAV estimate of the orbiter state vector, which is based on
time—stepped integration of the equations of motion.

“Corrected” means that atmospheric pressure and temperature are both considered in the altitude
computation. Since probe—sensed temperature is never used, the software must generate an
estimate of free—stream temperature for the TAS computation. This is accomplished by
algorithms which describe the 1962 US Standard Atmosphere as a function of altitude. The
following atmospheric layers and associated constants are used:

Atmospheric layer Layer base altitude Layer base temp Layer temp gradient
(km) (K) (K/km)
0 km_<Alt < 11 km (36,089 ft) 0 288.15 -6.5
11 km < Alt < 12 km (65,617 ft) 11 216.65 0.0
20 km < Alt < 32 km (104,987 ft) 20 216.65 1.0

The temperature is then corrected to account for expected seasonal variations in the temperature—
lapse rates above a given landing site.

The Hpcis based on the uncorrected pressure altitugg)(terived from the US '62 atmo-
sphere, which is then corrected in a manner similar to that described for temperature. These
corrections are applied untildd reaches 5000 feet; at this point the altimeter input from the
SPEC 50 HORIZ SIT display is used to bias the standard atmosphere—derived altitude for the
final approach and landing.
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The ADTA SOP outputs pt for use by navigation software whenever ADS RM provides a data
good discrete for air data; i.e., at least one probe is deployed and a healthy ADTA is associated
with the deployed probe. Navigation software, however, has an additional requirement that
SPEC 50 ADTA H be set to AUTO or FORCE before pressure altitude is processed. If in
AUTO, Hpcwill be processed by NAV when orbiter velocity slows to below Mach 2.5 (except
during Mach jump). In FORCE, howeverptlis processed above Mach 2.5 as long as the same
RM data good requirements are met.

The ADTA SOP also outputs additional flags used by navigation software and ADS RM for
moding air data processing:

ALTITUDE DATA GOOD - Signals the navigation software whepdis available for use
(ALT_DG)
— Virtually identical to ADTA DATA GOOD flag sent by RM
to the ADTA SOP
ADS MACH JUMP — Signals the onset of Mach jump (1.6 <M < 1.1), the region
(ADS_MJ) where orbiter shock wave passes over the probes

Hpc not incorporated by NAV due to potentially large errors
in sensed @

— Flag used by RM to inhibit certainsomparison tests

Finally, when the landing gear is deployed, GNC air data calculations are compensated to
account for perturbations introduced by the nose gear entering the airstream. The “nose gear
down” indication is provided by the Hydraulics SOP.

ADTA/NAVDAD /DEFAD Usage Control

Transition of the output data for GNC from NAVDAD to probe—sensed air data is controlled by
the ADTA SOP based on the status of various ADS RM flags, crew inputs to SPEC 50 HORIZ
SIT display, and current orbiter velocity. This ensures that the guidance and control software
receives a continuous and valid stream of air data parameters (probe—sensed or NAV—derived) at
all altitudes, regardless of probe status. During a hominal entry, the transition from NAVDAD to
probe—sensed data occurs at Mach 2.5 if the crew has enabled its use. Off-nominal situations,
however, can drastically vary the conditions for processing probe data and affect the outputs of
the ADTA SOP (Table 4-1).

The SOP output parameters for Guidance and Control (G&C) are computed from probe—sensed
data whenever the following conditions are met:

» At least one air data probe is considered deployed.

» At least one good ADTA is associated with any deployed probes.
» SPEC 50 HORIZ SIT display ADTA TO G&C — AUT (FOR).

« Mach <2.5 (if ADTA TO G&C — AUT).
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Table 4-1. Air data moding and outputs for GNC

Moding condition

ADTA SOP output

Probe Air data Mach HORIZ SIT* Output to G&C Output to NAV**
status status number (AUT/INH/FOR) (a, M, q, EAS, TAS) (Hpc)
Force Probe data
M>25 Auto NAVDAD Probe data
Good 16<M<25 Probe data
Either 1.1<M<16 Force or Auto | Mach jump processing and | Probe data and Mach jump flag
deployed Mach jump flag
M<1.1 Probe data Probe data
M>1.5 NAVDAD Frozen probe data and fail flag
(M >1.6)
Fail 1.1<M<15 Force or Auto | Frozen Mach jump processing Probe data and Mach jump flag
and Mach jump flag (1.1 <M<1.6)
M<1.1 DEFAD and DEFAD flag Frozen probe data and fail flag
(M <1.1)
Dilemma M>15 Any NAVDAD Frozen probe data and fail flag
M<15 DEFAD and DEFAD flag
Neither Any M>15 Any NAVDAD None
deployed M<15 DEFAD and DEFAD flag

*When inhibit (INH) is selected, NAVDAD will be output to G&C above Mach 1.5 and DEFAD will be output to G&C below Mach 1.
Output to NAV is unaffected by AUTNH/FOR selection.

**NAV will inhibit H pc above Mach 2.5 (unless FOR is selected), when it is in the Mach jump region, or if a failure is indicated.



SPEC 50 ADTA TO G&C is initialized in inhibit (INH) and, regardless of other conditions,
signals the SOP to compute an output data set based on NAVDAD parameters until the crew
selects AUTO or FORCE. Selection of FORCE causes the SOP to output probe—sensed data
above Mach 2.5; however, most air data parameters cannot be used by the G&C software prior
to Terminal Area Energy Management (TAEM) interface (MM305).

During Mach jump, the G&C software continues to use air data. In this region, the SOP
algorithms for M, gand EAS use a software—derived estimated free—stream static pressure

(P«). This parameter is corrected in the same manner as that previously described for estimated
free—stream temperature {J. Probe—sensedsks still used, however, for computiogand

Hpc This is acceptable since NAV is not updated wiglg BInda is not sensitive to errors in

Ps. The Mach number calculation based on estimatetsRIsed to signal the termination of the
Mach jump region when M < 1.1.

Because NAVDAD can be ineffective in the presence of lower atmospheric winds, the SOP uses
DEFAD when probe data is unavailable beloysyY= 1500 ft/sec. When invoked, the software
assumes! is “fixed” at 7.5 and uses a lookup table wherbaromes a function of NAV-

derived \kgL. EAS and Mach number are still drawn from NAVDAD, while TAREY) is

provided by User Parameter Processing (UPP) software.

LEFT/RIGHT Air Data Calculations for AvVI [AMI

These calculations are initiated by the CDR or PLT selecting the LEFT or RIGHT positions of
the AIR DATA switch on panels F6 or F8. If the probes are deployed and ADTAs not comm-
faulted, then the following data will be calculated for display on the tapes from the left or right
probe selected pressures furnished to the SOP by ADS RM:

Air data probe valid flag AMI and AVVI
a AMI
M AMI
EAS AMI
Hpc AVVI
Pressure altitude rate AVVI

With the AIR DATA switch in the NAV position on panel F6 or F8, the corresponding AVVI
displays NAVDAD altitude and altitude rate, regardless of velocity or GNC air data processing
status. Keep in mind, though, that NAV software processinggfisireflected in these specific
parameters as the onboard state vector converges with the probe—sensed environment.

The AMI (with AIR DATA switch selected to NAV) displays the same air data parameters as
those provided for GNC processing, M, and EAS) by the ADTA SOP. When weight on the
nose gear is sensed, however, EAS is replaced by relative velocity magnigutte gkovide the
crew with an indication of ground speed for manual braking purposes. When G&C is not
processing probe—sensed air data, the AMI displays Inertial Measurement Unit (IMU)—derived
from the Attitude Processor.
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ADTA SOP OVERRIDE Display Calculations

The SOP computesdd, Mach number, and angle of attack for each ADTA output pressure
whenever the SPEC 51 OVERRIDE display is active and the ADTA is not commfaulted (Figure
4-2). These parameters are used by the crew to assess sensor agreement with onboard software
before incorporation in order to confirm ADS RM failure indications and to troubleshoot an air

data dilemma condition.

//7 30517051/
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Figure 4-2. SPEC 51 OVERRIDE display
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Questions

1. Identify the six output parameters processed by the ADTA SOP.
2. In which software major modes are air data parameters processed?

3.  Which orbiter system(s) are the recipient of left/right air data? Which receive selected air
data?

4. For which parameters does the ADTA SOP substitute NAVDAD data when probe—sensed
data is not available?

5. Describe default air data and when it is used.

6. What probe—sensed data is available for crew display on SPEC 51? Compare this with the
air data observed via the dedicated displays (AVVI and AMI).
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Section 5
Air Data Displays

Air data information can be seen on several CRT displays, including the GNC SYS SUMM 1,
HORIZ SIT (SPEC 50), OVERRIDE (SPEC 51), and RBATA/RCS (SPEC 41). The
dedicated displays show air data information on the AMIs and the AVVIs. The Heads Up
Displays (HUDSs) provide limited information from air data.

GNC SYS SUMM 1

The status of the four ADTAs is shown in the lower right corner of the GNC SYS SUMM 1
(Figure 5-1). The ADTA section of this display is active only in GNC OPS 3 and 6. Under
normal conditions, the status field for each ADTA is blank. Failure conditions can be indicated
by the special symbols described below:

« M —The ADTA is commfaulted.
« oo — The ADTA has been declared failed or deselected.

e« ? —The ADTA is involved in a dilemma.

//( 2011/ /018 GNC SYS SUMM 1 1 000/02: 468 03 ‘\\
000/ 00s= 00: CO
RCS JET|ISOL
MANF [FAILNVLY SURF POS MOM DPS 12345

Fl OP L OB GPC
2 OP B MDM FF
3 OP R IB FA
4 OP OB
5 OoP AlL
L1 oP RUD FCS CH 1 2 3 4
2 OP SPD BRK
3 OP BDY FLP
4 OP
5 OoP NAV 12 314
R1 OP I MU
2 OoP CNTLR 1 2 3 ACC
3 oP RHC L RGA
4 OP R TAC
5 OP A MLS

THC L ADTA

A
SBTC L

_ J

TD17B0501. CRTs 1

Figure 5-1. GNC SYS SUMM 1 display
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OVERRIDE (SPEC 51)

The OVERRIDE page is available in GNC OPS 1, 3, and 6. Some of the values calculated by
the ADS SOP can be seen near the middle of the OVERRIDE page (Figure 5-2). Note that the
ADTAs are listed in probe order; i.e., left (ADTAs 1 and 3) followed by right (ADTAs 2 and 4).
For each ADTA, the calculated values for altitude (H, feet), angle of attacle@rees), and

Mach number (M) are shown. In addition, the capability to remove an ADTA from consider-
ation by RM is available through the deselect (DES) option (items 34-37). Status information
similar to that on the GNC SYS SUMM 1 is shown in the column to the right of the ADTA
numbers.

(/' 30517051/ OVERRIDE 2 00B/04: 13: 37 ‘\\
000/ 00: 29: 56
ABORT MODE ENTRY FCS
TAL 1 ELEVON FILTER ATMOSPHERE
ATO 2 AUTO 17 NOM 20* NOM 22%
ABORT 3 FIXED 18 ALT 21 N POLE 23
MAX THROT 4 SSME REPOS 19 ENA S POLE 24
IMU STAT ATT DES PRL
PRPLT DUMP 1 3 25 SYS AUT DES
2 26 1 28% 31
INH ICNCT 5 3 27 2 29% 32
OMS DUMP 3 30% 33
ARM 6 ADTA H Qa M DES
START 7 L1 20466 + 7.0 0.58 34
STOP 8 3 20466 + 7.0 0.58 35
9 QUAN/SIDE _T78B R 2 20892 + 6.9 0.58 36
OMS DUMP TTG 52 4 20892 + 6.9 0.58 37
ET SEP ROLL MODE AUTO
AUTO 38 AUTO SEL 42
AFT RCS 13 INH SEP 39
14 TIME 0 ET UMB DR VENT DOOR CNTL
CLOSE 40 OPEN 43 %
FWD RCS 15 INH RCS RM MANF CLOSE 44
16 TIME 0 CL OVRD 41

TD17B0502. CRTs 1

Figure 5-2. OVERRIDE (SPEC 51) display

HORIZ SIT (SPEC 50)

The HORIZ SIT page is available in GNC OPS 1, 3, and 6. Options in the lower left corner of
the HORIZ SIT page (Figure 5-3) allow the crew to control whether information from the
ADTAs is used by the NAV and G&C software. This control is provided through the auto
(AUT), inhibit (INH), and force (FOR) options in the same manner as it is for the other naviga-
tion aids.

NAV software can use air data altitude (ADTA H). The options and information shown on the
HORIZ SIT are described as follows:

* RESID (residual) — The difference, in feet, between the orbiter’s altitude based on air data
and the altitude based on the state vector

¢ RATIO — The ratio of the current residual to the maximum allowable residual

* AUT — Allows processing of the data by NAV if the ratio is less than one and Mach number
is less than 2.5

* INH - Prevents the processing of the data by NAV

* FOR - Overrides the ratio and Mach tests and forces processing of the data by NAV
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G&C software uses numerous values derived from air data (ADTA TO G&C). The values
includea, M, g, EAS, and TAS. The options and information shown on the HORIZ SIT are
described in the following list:

* AUT - Allows processing of the data by G&C, provided Mach number is less than 2.5 and
other tests are satisfied

* INH - Prevents the processing of the data by G&C
« FOR - Overrides the Mach test and forces processing of the data by G&C

Both ADTA H and ADTA TO G&C are set to INH by default and must be taken to AUT or FOR
before the software can make use of the data.

In addition to these options, ITEM 9 at the top of the page allows the crew to input the altimeter
(ALTM) setting for the landing site. This pressure, which is input in inches of mercury, is used
in the calculation of ADTA H below 5000 feet.

30517050/ HORIZ SIT 2 DDB/0D4: 12: 54
PTI INH 1 ALTM 000/00: 29212
INDEX 6 9 2992 NAV DELTA
AX 10
[l 0
AY 11
41 LAND SITE _1 [1
PRI KSC15 Tk AZ 12
SEC KSC33 2 o [l 0
TAC- 59 5 AX 13
[0
TAEM TGT AY 14
G&N R OVHD 6 (1 o
HSI R fe) AZ 15
XEP 7 o (1 o
AlM NOM 8 1.2 LOAD 16
s/B NOM 33 18 AT__[10.00
. NAV RESTD [RATTO[ AUT | TNA] FOR| TACI- 59[TACZ- 59 | TAC3- 59
TAC AZ|+ 0.59 0.1 | 19%|20 | 21 | + 0.37 |+ 0.37 [+ 0.31
RNG|+ 0.04 0.0 - 0.00 |+ 0.00 [+ o0.00
DES 31 | DES 32 DES 33
DRAG H 22% | 23 | 214
ADTA H|+ 461 0.1 | 25% |26 | 27 |HUD 37 L 1 ABS 34
ADTA TO G&C 28 [ 29 | 30 38 R I DELTA 35%

TD1780503. CRTs 1

Figure 5-3. HORIZ SIT (SPEC 50) display

RGA/ADTA/RCS (SPEC 41)

The RGA/ADTA /RCS page is available only in GNC OPS 8. The middle section of the RGA
ADTA/RCS page (Figure 5-4) contains the controls and feedback for the ADTA and Rate Gyro
Assembly (RGA) self-tests. The controls for the self-tests are on the line labeled TEST and are
described below:

» HI - Starts the high self-tests for the ADTAs and RGAs. An asterisk is displayed while the
tests are running.

* LO - Starts the low seli—tests for the ADTAs and RGAs. An asterisk is displayed while the
tests are running.

¢ STOP - Terminates the self-tests.

TD178 5-3 Lt



Output from the ADTAs is listed in probe order. For each ADTA, the following information and
options are provided:

« DES - Allows the deselection of the ADTA as a candidate for the selection filter. Deselec-
tion of an ADTA carries over to GNC OPS 3 for entry.

»  STAT — The current status of the ADTA,; it is blank or displays BITE.
* Ps— The static pressure, in inches of mercury.

* Pyc, Pyu, and B — The center alpha, upper alpha, and lower alpha pressures, respectively,
in inches of mercury.

T - The total temperature, in degrees Celsius.

When a self-test is commanded, the ADTA responds with predetermined values for pressures
and temperature. After approximately 10 seconds, the GNC software compares these values
with a set of limits. If the data is too high, too low, or missing, a status indicatpr obr M,
respectively, is shown in the space to the right of the data. If the software receives a BITE
out—of-tolerance indication during the te3kTE is displayed in the status column until the test

is terminated.

//' 8011/041/ RGA/ ADTA/RCS 2 003/01=12=27<\\
DES STAT R P y 000/ 00z 00z 00
R1 1 +20. 1 +9. 6 +10. 1
G2 2 +20. 0 +9. 7 +10. 0
A3 3 +20. 2 +9. 6 +10. 2
4 4 +20. 1 +9. 7 +10. 1
DES STAT PS PGC PQOU PGL T
Al 5 0.813 5. 474 2. 743 1. 709 173. 60
D3 6 0.813 5. 473 2. 740 1. 709 173.59
T2 7 0.813 5. 474 2. 742 1. 710 173.62
A4 8 0.813 5. 475 2. 740 1. 708 173.63

TEST HI 9% LOW 10 STOP 11

RCS DRIVERS
RJDF 12 TEST EXEC 15 TEST
RJDA-A 13 CONTINUE 16 JET
-B 14 STOP 17

TD1780504. CRTg 2

Figure 5-4. RGAADTA/RCS (SPEC 41) display

RCS/RGA/ADTA TEST (SPEC 102)

The RCSRGA/ADTA TEST (SPEC 102), is available in GNC OPS 9. The RGSA/ADTA

TEST page (Figure 5-5) is used for preflight tests and, while it is similar to théABIA /

RCS page, it has a few differences. Individual ADTAs can be selected for the seli—test (enable
(ENA)) but cannot be deselected as candidates for RM. Self—tests for all ADTAs and RGAs can
be initiated using the auto sequence (AUT SEQ) command or can be inhibited using the INH
ALL command. The terminate (TERM) command stops the current self-tests and inhibits
self—tests for all the ADTAs and RGAs.

TD178 54 Lt



/ 9011/ 102/ RCS/RGA/ ADTA TEST 2 000/ 00z 25: 50 \

000/ 00: 258 50
RCS DRIVERS
RJDF 1 START TEST 4 STAT
RJDA-A 2 CONT 5 JET
-B 3 TERM 6 STEP
SENSORS TEST CONTROL:
HIGH START 15
ENA STAT R P Y LOW START 16
17 -0.1 -0.1 0.0 AUTO SEQ 17
G2 8 -0.1 -0.0 0.0 TERM 18
A3 9 -0.1 -0.1 0.0
4 10 -0.1 -0.1 -0.0 INH ALL 19
ENA STAT PacC PS PGU POIL T
Al 11 29. 958 29.958 2B.941 34.812 14.94
D3 12 29,958 29.958 2B.941 34.812 14.94
T2 13 29.958 29.958 28.941 34.812 14.94
A4 14 29.958 29.958 2B.941 34.812 14.94

o /

TD1780505. CRTs 2

Figure 5-5. RC3RGA/ADTA TEST (SPEC 102) display

Dedicated Displays (AMI and AVVI)

The dedicated displays (Figure 5-6), located on panels F6 and F8, are used to display air data
and inertial information for the pilot and commander. The AMI and the AVVI are located to the
left and right, respectively, of the Attitude Director Indicator (ADI).

The AMI includes tapes for displaying the following information related to the forward motion
of the orbiter:

ALPHA — Orbiter angle of attack (from —18o +60°); a black background indicates
positive values.

ACCEL — Drag acceleration (from —50 to +1003f/sx black background indicates
deceleration.

M/VEL — Mach number (from O to 4) or velocity (from 4 to 27ts).

EAS — Equivalent airspeed (from 0 to 500 knots).

The AVVI includes tapes for displaying the following information related to the vertical motion
of the orbiter:

ALT ACCEL - Altitude acceleration (from —13.3 to +13.34/s

ALT RATE — Altitude rate (from —2940 to +2940 ft/s); a black background indicates
decreasing altitude.

ALT — Altitude (from —1100 to +400k feet and +40 to +165 nautical miles); a black back-
ground indicates positive values.

RDR ALT — Radar altitude (from 0 to 9k feet).
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Figure 5-6. Dedicated displays on panel F6

Each of the tapes on the AMI and AVVI has an associated red OFF flag that appears whenever
the Dedicated Display Unit (DDU) is powered off, valid data is unavailable, or an indicator
malfunction is detected.

The ACCEL and ALT ACCEL displayed on the DDUs are always determined by NAV. The
RDR ALT, of course, comes from the radar altimeters. The remaining parameters, ALPHA,
M/VEL, EAS, ALT RATE, and ALT are determined based on information from the ADS or
NAV, depending on the position of the AIR DATA switch and the phase of flight.
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Before reaching OPS 304 (or 602), the AMI and AVVI tapes, if active, display information
based on NAV, regardless of the position of the AIR DATA switches. During entry, in OPS 304
and 305 (or 602 and 603), the position of the AIR DATA switch is monitored and interpreted as
follows:

* NAV - For the AVVI, display the ALT and ALT RATE derived from NAV. For the AMI,
display NAVDAD unless probe—sensed air data is being output for use by G&C, in which
case, display this probe—sensed air data.

 LEFT/RIGHT - For the AMI and AVVI, display the air data parameters output by the
ADTA SOP for the selected probe. If the probe is not deployed or if both ADTAs for the
probe are commfaulted, OFF flags are displayed on the tapes.

Recall that in the Mach jump region (Mach 1.6 to 1.1), the ADTA SOP substitutes parameters
(based on Mach jump constants) for the data sent to G&C to avoid transients as the orbiter shock
wave passes over the ADS probes; these substituted values are not reflected on the AMI. During
the Mach jump region, the AMI displays values derived from the ADS (with a smoothing

function applied), assuming ADTA TO G&C is not inhibited on the HORIZ SIT page.

Heads—Up Displays

The HUDs, located above panels F6 and F8, display some of the same information (altitude and
airspeed) found on the AMI and AVVI. The source for this data is the same as for the DDUs.
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Questions

=

Once the probes are deployed, how can the crew direct the onboard software to use air data
for guidance, navigation, and control calculations?

2. How can the crew monitor equivalent airspeed derived from an air data probe?
3. On which display(s) can the crew view orbiter altitude derived from air data?

4. What indication does the crew have to determine whether a probe is deployed?
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Section 6
Crew Procedures

Procedures for use of the ADS are contained within the Entry Maneuvers Cue Card, Orbit Ops
Checklist, and Entry Checklist. These procedures are discussed in the following pages. Failure
procedures contained within the Pocket Checklists and Ascent Entry Systems Procedures are not
discussed.

Probe Deploy and Air Data Management

The Entry Maneuvers Cue Card (Figure 6-1) indicates the probes should be deployed when
velocity reaches 5000 ft/s (V = 5K). If ADTA TO G&C is not incorporated by Mach 2.5,

Control Stick Steering for pitch (P CSS) should be used to avoid control transients that could
result upon the transition from NAVDAD to true air data. At Mach 2.0, a note is made to check
theta limits if air data has not been taken to G&C. This indicates that the pitch angle (theta) of
the orbiter should be monitored on the VERT SIT display to ensure it stays within NOSE HI and
NOSE LO limits (using P CSS, if necessary).

FLIGHT
CONDITIONS MANEUVER
VvV = 7K V'TACAN status
v - 5K ADTA PROBES — DEPLOY (VHEAT)
- Begin AlL and RUD trim monitoring
M= 4 Begin H monitoring (' < 500 fps)
vVAPUs
M < 27 HUD PWR (two) — ON

TRIM PANEL (two) — OFF
RHC/PNL (two) — ENABLE

* |[fM < 2.5; P CSS for ADTA to G&C incorp #

M = 2.0 Ensure ADTA to G&C else vV Theta limits
M = 09 P, R/Y — CSS asreqd
VSPDBK CMD vs POS
VR FLT CNTLR — ON
M = 0.7 VLG EXTEND ISOL VLV — OP
h = 15K vMLS
h = 10K VAL, TABS/VISORS — CL/LES 02 — ON (KSC)
MAIN GEARTD | VSPDBK — 100%
DEROT INIT DRAG CHUTE pb (two) — ARM,DPY (simo)

SRB SEP — MAN/AUTO and depress pb
NOSE GEARTD| VvAuto Load Relief
VHYD BRAKE ISOL VLV (three) — OP

8-10FPS2 /~————— A\
NO BRAKING / \\
BEFORE MIDFIELD / <B6FPS?
I t f I
< 140 KGS LKBED ,
NWTD 5K REMAINING 40KGS  STOP
140 KGS CONCRETE _ 140 KGS
> 140KGS ——-—
V = 60 KGS DRAG CHUTE JETT pb — JETT
Go to ENT C/L, POST L ANDING PROCEDURES
sTOP .

Figure 6-1. Entry Maneuvers Cue Card
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Below Mach 3.5, the probe calibration limit, the air data can be evaluated by considering the
RATIO and RESIDUAL for ADTA H on the HORIZ SIT page (SPEC 50); comparing the values
displayed on the AMI and AVVI when the AIR DATA switch is moved between NAV, LEFT,

and RIGHT; and by viewing the air data displayed on the OVERRIDE page (SPEC 51).
Normally, flight controllers on the ground assist with evaluation of air data and make the call to
“take air data” to NAV and G&C. In the event communication with the ground is lost, the

ADTA management table (Figure 6-2) in the Entry Checklist can be used to determine whether
air data should be accepted.

ADTA H should be taken to AUTO if the RATIO on SPEC 50 is less than one. A ratio greater
than one occurs if the difference between NAV and the ADS—derived values is too high,
indicating either NAV or ADS is incorrect. If the ratio is greater than one and if Tactical Air
Navigation (TACAN) data is available and agrees with NAV (ratio less than one), take ADTAH
to INH to prevent it from corrupting NAV. If no good TACAN information is available, take
ADTA H to FORCE, if it is steady, to override the NAV editing function; otherwise, take it to
AUTO.

ADTA TO G&C should be taken to AUTO provided there are at least two good ADTAs
producing data and the data appear reasonable; otherwise, leave it in INH. Flight Rules prohibit
the incorporation of a single ADTA TO G&C, thus requiring the crew to fly theta limits, rather
than use a system with zero—fault tolerance. Exceptions to the rule include high winds on the
Heading Alignment Cone (HAC), high crew workload, bad NAV, and BFS engage.

ADTA MGMT
NAV G&C
RATIO > 1
RATIO < 1
IF BAD IF BAD NAV Two or more
ADTA STATE good ADTAs
COMM | MCC: AUTO MCC: MCC: Evaluate h,o,M
OK or INH#* INH FORCE MCC:
AUTO (G&QC)
TACAN NO TACAN
NO OK
COMM | AUTO ADTA ADTA | Evaulate h,a,M
ERRATIC | STEADY| If reasonable:
INH | AUTO | FORCE| AUTO (G&C)

* |f ADTA H will degrade NAV state.

Figure 6-2. ADTA management table

FCS Checkout

On orbit, GNC OPS 8 is used to perform the Flight Control Systems Checkout (FCS C/O)
approximately one day prior to entry. Included in this checkout is a test of the ADTAs. The
appropriate part of the FCS C/O procedure from the Orbit Ops Checklist is shown in Figure 6-3.
The procedure has the crew command high and low self-tests of the ADTAS, and the software
compares the results to a table of limits. If an ADTA fails the test (other than for temperature), it
should be deselected from RM. Deselection carries over to OPS 3 for entry. If aBITE is
annunciated against an ADTA, it should be deselected, except in a few cases where the failure is
not expected to affect performance of the unit.
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8.1dl

2: GNG 41 RGA/ADTA/RCS = 1f ADTA BITE: *
LIMIT VALUES TABLE [ ' 1 | * IFAD on PROG e
BNG AZ EL CRT2 vDES:- (no *) ADTA MEMORY READ PROCEDURE
vSTAT: blank *  [GNC0GPC MEMORY *
MLS [15.0f0 [+,-2.9 5.910 vPS,PaC,Pol),Pol,T — noM * DATA — ITEM 20 EXEC (¥) *
o e, then ) 61 % REX - ITEM27 EXEC (¥) :
o Tons Tirsm CONFIG FOR FREE DRIFT + ADDID- ITEM28+XXX X X EXEC .
0. 0 XXXXX =
182.5 YDAP: MVANRTLIVERN | * "ADTA1 ADTA2 ADTA3 ADTA4 *
: ,P,Y rates 0+ .1°sec, then:
NOTE: Yalues from 182.1 to e L ; [039E2|[03A42][o3AAZ|[0aE02 :|
displayed as 2.1 to . [lfdatainactualcolumn (last3 char)not
25 AS/NULL SHIFT TE +  equalio-FDC,-FF8,-FD8,or-FFC,
) then deselect failed ADTA
RA 903'{: VR,RY within limits: R -.4to +.4 * *
1100 /Y =210 +.2 -
(See limit values table, 7-22) LIMIT VALUES TABLE
A4 z IGH TEST LIMIT
HIGH TEST LIMITS
AA +14.40to +57.70 to HIGH TEST a
17.80 7. RGA
TEST HI — ITEM 9 EXEC (¥) A p v
2. SENSOR TEST ~ RGA, ADTA (after 10 sec, no #) +18.8t0  |+0.410 +9.4 10
vNo ‘T or ¥’ +21.2 +10.6 +10.6
NOTE If ADTA BITE, read Bite status from GPG Memory, ADTA
During RGA, ADTA test, desalsct LRU for ref ADTA MEMORY READ PROCEDURE A21a
failure indicated: PS PoC PaU Pol. T
RGA - bias null limits exceeded - o 473 t0 740 to .708 to .56 to
» , TEST STOP - ITEM 11 EXEC (%) 813t 5.473 2740t 1.708 t 173.66 t
I ‘T ar*l’, or SMRD LOW TEST 815 5.477 2.744 1.712 173.60
w ADTA — any ‘" or ", except temp (°T') 0 Teal LOW TEST LIMITS
ADTABITE — Perform memory read TESTLOW - ITEM 10 EXEG (¥) (aiter 10 sec, RGA
no R P Y
vNo ‘T ord C z N
1m0 o ot epon e ok or LOW TEST FADTae ong ot s wom cPo erary, | |58 2w |2ap
Null vehicle rates ) ) ref ADTA MEMORY READ PROCEDURE ADIA
e resTSTOP ~ TN 11 EXEC () v e leu e |t
if RGA responds, seli-test circuitry DAP:  A1/AUTO/VERN 24.887tc [29.527to |21.708to |14.713to 18.52 to
or SMRD circuitry is failed 24.889 29.531 21.712 14.717 18,5
If no RGA response, deselect sensor Cant next page
Cont next page
Cont next page
7-20 ORB OPS/ALL/GEN F 7-21 ORB OPS/ALL/GEN F 7-22 ORB OPS/ALL/GEN F
td178_012

nTpyr i

Figure 6-3. ADTA test in FCS checkout procedure




Fault Messages

There are five fault messages that may be annunciated indicating problems in the ADS:

RM FAIL ADTA — RM has detected a failure in an ADTA and it has been deselected. Addi-
tional indications for this failure include

— SM alert light and tone
— odin the status columns for the ADTA
— ADTA deselected on the OVERRIDE page

RM DLMA ADTA — RM is in dilemma for air data. Air data is unavailable for use by
G&C, requiring the crew to fly theta limits below Mach 2.0. Additional indications for this
failure include

— Master alarm light and tone

BACKUP C/W and AIR DATA lights on panel F7

? in the status columns for the ADTAS

— Blank RATIO and RESID for ADTA H on the HORIZ SIT page

BCE STRG X ADTA — The ADTA is commfaulted. Additional indications for this failure
include

— SM alert light and tone
— Min the status columns for the ADTA

NAV EDIT ALT — Probe—sensed air data is not being used by NAV below Mach 2.5.
Additional indications for this failure include

— SM alert light and tone

PROBES - The left or right probe is not fully deployed below Mach 2.5. Additional indica-
tions for this failure include

— SM alert light and tone
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Questions

1. When are the probes deployed by the crew?
2. Once in AUTO, when will software begin to process air data?

3. What is the minimum prescribed velocity for incorporating air data before manual vehicle
control (P CSS) is recommended?

4. Under what conditions would FORCE be used for ADTA H to NAV if the displayed ratio
was greater than 1.0?
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Section 7
Backup Flight System

The BFS uses air data in a manner similar to PASS; however, there are some major limitations in
the BFS. The air data software is active in the BFS in OPS 304, 305, 602, and 603 and performs
the same basic processing for air data as the ADTA SOP does for the PASS. This section
concentrates on those aspects of BFS air data processing that differ from PASS.

Pre—Engaged Versus Post—-Engaged

Pre—engaged, the BFS software receives information from the ADTAs by tracking PASS on the
flight—critical data buses. In addition, the BFS receives altimeter settings by listening to the
display/keyboard data buses for inputs to the ALTM item on the PASS HORIZ SIT page. No
other information regarding the ADS is transferred from PASS to the BFS.

Post—engaged, of course, the BFS sends commands and receives data via the flight—critical data
buses from all ADTAs and provides air data information for display on the DDUs over these
same buses.

Hardware Interface Program

The BFS ADTA Hardware Interface Program (HIP) algorithms are identical to those contained
in the PASS ADTA SOP relative to the utilization of probe—sensed pressures and Mach jump
processing. The HIP calculates NAVDAD similarly to PASS; however, the HIP does not contain
the logic to generate DEFAD. A functional block diagram of the HIP and its related interfaces is
shown in Figure 7-1.

The HIP does not perform any probe RM. A probe is considered deployed if at least one of the
deploy discretes from a given side is set. The status of the left and right probe deployment is
used by the HIP to perform its ADTA selection process.

The HIP does not perform FDIR on the ADTAs; however, commfault status and certain bits of
the ADTA MODE/STATUS word are utilized for ADTA moding. The BFS will annunciate RM
FAIL ADTA in the event an ADTA on a deployed probe is unavailable or is downmoded due to
BITE—detected problems. The MODE/STATUS word bits considered are those associated with
pressure and hardware reasonableness tests performed by the ADTA processor. Temperature—
related bits are not considered since probe temperature is not required by the HIP.

The HIP performs a selection process which selects the lower—-numbered available ADTA on
each deployed probe. These outputs are then averaged and utilized by the HIP to perform air
data calculations. In the event neither probe is deployed or no good ADTA exists for a deployed
probe, an ADS GOOD failure occurs and the BFS will invoke NAVDAD for output to GNC and
certain dedicated displays.

TD178 7-1 Lt



MODE/STATUS word

HORIZ SIT

Guidance

Control

Entry CRT
display
processing

Dedicated
display
processing

HSI
processing

AUT/INH/FOR feedback »
ALTM feedback >
2 > >
——
¢
TAS :
EAS o >
*—p
*—
®
® '
ADS HIP
*—
'
_>
_>
. ———— >
H
'
Hpc
ADS GOOD flag >
MACH JUMP flag | ¢—3m
ADTA fail(s)
*—p»
o—r
SM
Alert < ?
_>
_>
GNC SYS L
SUMM1 |--——
(%

Figure 7-1. BFS ADTA HIP functional block diagram
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Outputs for GNC

Once a probe is considered deployed, the ADTA HIP calculates a corrected pressure altitude
(Hpo) for NAV. In addition to kb, the HIP indicates whether the air data status is good and
whether the vehicle is in the Mach jump region. The NAV software will not ggg¢dHupdate

the orbiter state vector if the ADS GOOD flag is false or the MACH JUMP flag is true.
Otherwise, the processing opHby NAV is governed by the AUTNH/FOR function for

ADTA H on the HORIZ SIT (SPEC 50), just as in PASS.

For G&C, the values output by the HIP can vary depending on probe deploy status, air data
status, Mach number, and the AUNH/FOR function for ADTA TO G&C on the HORIZ SIT.
The source of output data can be air data, NAVDAD, or special Mach jump processing (see
Table 7-1).

Table 7-1. BFS air data moding and outputs for GNC

Moding condition ADTA HIP output
Probe Air data Mach HORIZ SIT* Output to G&C
status status number (AUT/INH/FOR) (a, M, q, EAS, TAS)
Force Probe data
M>25 Auto NAVDAD
Good 16<M<25 Probe data
dEitIher 4 1.1<M<16 Force or Auto | Mach jump processing
eployef M<1.1 Probe data
Fail Any Any NAVDAD
Neither Any Any Any NAVDAD
deployed

*When inhibit (INH) is selected, NAVDAD will be output to G&C.

Displays

Air data information in the BFS can be seen on the GNC SYS SUMM 1 and the HORIZ SIT
displays. The air data section of the HORIZ SIT display is identical to that of PASS. Unlike
PASS, there is no air data information on the OVERRIDE (SPEC 51) display in the BFS. The
DDUs are supported under the BFS; however, the HUDs are not supported.

The GNC SYS SUMM 1 (Figure 7-2) includes status information for the four ADTASs in the
lower right side of the display. The ADTA section of the display is active only in OPS 3, 602,
and 603. The only symbol that can be displayed for an ADEawshich can indicate either a
commfault or failure.

The dedicated displays operate under the BFS in the same way as under PASS when the AIR
DATA switch is in the NAV position. When the AIR DATA switch is placed in LEFT or RIGHT
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and air data is available, the BFS shows the average of the selected data from the left and right
probes (i.e., there is no difference between the left and right positions under the BFS). Further-
more, when LEFT or RIGHT is selected and no air data is available, the BFS will not drive OFF
flags on the tapes and will continue to display NAVDAD.

//7 1021/ /018 GNC SYS SUMM 1 5 000/00:01:219 ﬂ\\
BFS 000/ 00: 00: 00
SURF POS MOM DPS 12 3 4
L 0B MDM FF
1B FA
R 1B PL
0B
AlL
RUD ECS CH 1 2 3 4
SPD BRK
BDY FLP
MPS L © R NAV 1 2 3 4

HE TK P 3980 3900 3970 [IMU
REG P A 750 738 764 |TAC
B 758 748 758 |[ADTA

dP/dT 10 10 o —
MPS PNEU HE P

ULL P LH2 33.1 33.6 33.8 TK 4300

L02 25.9 26.0 25.9 REG 780

ACUM 786

GH2 OUT P 3040 3450 3440 MANF P LH2 34

GH2 OUT T 409 389 419 LO2 165

N J

TD1780703.CRTs 1

Figure 7—2. BFS GNC SYS SUMM 1 display

Crew Procedures

Since the OFF flags on the DDUs cannot be used to verify air data probe deployment after the
BFS has been engaged, special care must be taken to confirm that both probes are successfully
deployed. The probes should be deployed individually, with the second probe being deployed
after the the data from the first has been analyzed.

If the BFS is engaged before air data has been analyzed, the POST BFS ENGAGE procedure
(see Figure 7-3) in the Ascent/Entry Systems Procedures (AESP) indicates that air data inputs to
G&C should be inhibited on the HORIZ SIT display, SPEC 50. The next line in the procedure
indicates the crew should enable air data input to G&C by Mach 1.5. This is necessary due to
the lack of DEFAD in the BFS and the unreliability of NAVDAD below Mach 1.5 when winds

are present. Flight Rules do not prohibit the incorporation of a single good ADTA TO G&C

after engaging the BFS. Since there is no option to deselect failed ADTAs in the BFS, the crew
should open the ADTA's circuit breaker or stow the appropriate probe.
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POST BFS ENGAGE
If PASS GPCs running:
1. Aff GPC MODE — STBY/HALT
2. BFSI1/ORESET
3. ° FCS CHs, IMU config
[0 If Air Data not analyzed:
4. INH AD to G&C
5. "ADtoG&ChbyM=15
If failed ADTA(S) in PASS:
6. ADTA cb(s) — op or stow probe
7. DES failed (commfaulted) RGA, AA, SURF
8. DES failed TAC

Figure 7-3. POST BFS ENGAGE procedure

Fault Messages

There are three fault messages that may be annunciated by the BFS indicating problems in the
ADS:

RM FAIL ADTA — An ADTA on a deployed probe has been removed from the selection
filter. The downmode may result from a commfault or an ADTA hardware—detected failure.
Additional indications for this failure include

— SM Alert light and tone
— oin the status column for the ADTA

BCE STRG X ADTA — The ADTA is commfaulted. Additional indications for this failure
include

— SM Alert light and tone
— oin the status columns for the ADTA
— RM FAIL ADTA message if the associated probe is deployed

NAV EDIT — Probe—sensed air data is not being used by NAV below Mach 2.5. This mes-
sage may also occur if NAV is not processing DRAG H or TACAN at specified points
during entry. Additional indications for this failure include

— SM Alert light and tone
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Questions
What are the ADTA redundancy guidelines (per Flight Rules) for G&C air data processing
(ADTA TO G&C) on the BFS? How does PASS differ from BFS?
How would an ADTA commfault be annunciated on BFS GNC SYS SUMM 17

What capability does the crew have to monitor exclusive left probe data or right probe data
once the BFS has been engaged?

Suppose that the BFS has been engaged and ADTA 4 is significantly in error. What failure
indications would be expected?

Suppose that BITE on ADTA 4 detects unreasonable pressures. What failure indications
would be expected?
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Appendix A
Acronyms and Abbreviations

A/D Analog/Digital

AlllF auto/inhibit/force

ACCEL acceleration

ADI Attitude Director Indicator

ADS Air Data System

ADTA Air Data Transducer Assembly
ADTAH ADTA Altitude to Navigation
AESP Ascent/Entry Systems Procedures
ALT altitude

ALTM altimeter

ALT RATE altitude rate

AMI Alpha/Mach Indicator

ATT PROC  Attitude Processor

AUT auto

AVG average

AVVI Altitude/Vertical Velocity Indicator
BCE Bus Control Element

BFS Backup Flight System

BITE Built—in Test Equipment

C/O Checkout

C/wW Caution and Warning

CDR Commander

CMD command

CONFIG configuration

CRT Cathode Ray Tube

CSS Control Stick Steering

DAP Digital Autopilot

DDU Display Driver Unit

DEFAD Default Air Data

DES deselect

DISP display

DK Display/Keyboard

EAS Equivalent Airspeed

ECLSS Environmental Control and Life Support System
ENA enable

FCS Flight Control System

FDIR Fault Detection, Identification, and Reconfiguration
FF Flight—Critical Forward

FMCA Forward Motor Control Assembly
FOR force
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G&C
GNC
GPC

HAC
Hg
HIP
Hpc
Hpu
HSI
HUD

I/O
IMU
INH

LRU
LS

M
M/VEL
MCC
MDM
MJ
MM
MN
MSEC
MSL

NAV
NAVDAD

OPS
Poo

P(XC
PaL

TD178

Guidance and Control
Guidance, Navigation, and Control
General Purpose Computer

altitude

altitude rate

Heading Alignment Cone
mercury

Hardware Interface Program
corrected pressure altitude
uncorrected pressure altitude
Horizontal Situation Indicator
Heads—Up Display

Input/Output
Inertial Measurement Unit
inhibit

Line Replaceable Unit
Limit Switch

Mach number

AMI Mach/velocity nomenclature
Mission Control Center
Multiplexer/Demultiplexer

Mach Jump

Major Mode

main bus

millisecond

Mean Sea Level

navigation
Navigation—Derived Air Data

Operational Sequence

estimated free—stream static pressure

alpha center pressure
alpha lower pressure
alpha upper pressure

static pressure correction to US '62 atmosphere

pressure measurement from ADTA
pressure measurement from ADTA
static pressure

Primary Avionics System Software
Control Stick Steering for pitch
Pilot

dynamic pressure
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RCS
RDR
RESID
RGA
RM
RPC

SIW

SF

SM

SOP

SPEC

STAT

STRG

STS

SYS SUMM

TD178

Reaction Control System
radar

measurement residual
Rate Gyro Assembly
Redundancy Management
Remote Power Controller

Software

Selection Filter

Systems Management
Subsystem Operating Program
Specialist Function

status

string

Space Transportation System
System Summary Display

total temperature

estimated free—stream temperature

static temperature correction to US ‘62 atmosphere
static temperature

Tactical Air Navigation

Terminal Area Energy Management

True Airspeed

Thermal Protection System

User Parameter Processing

volts

relative velocity magnitude

Earth relative velocity

X location in orbiter structural coordinates
Y location in orbiter structural coordinates
Z location in orbiter structural coordinates
angle of attack

side slip angle

sea level air density
degrees celsius
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Appendix B
Answers

Answers to Section 2

1.

Each air data probe samples static pressudyeusper alpha pressurey(h), center alpha
pressure (), and lower alpha pressure,(R.

Two switch throws are required to stow each probe. First, the AIR DATA PROBE STOW
switch for the probe is taken to ENABLE. Next, the AIR DATA PROBE switch is taken to
STOW.

Right probe data is received by ADTAs 1 and 3. Left probe data is received by ADTAS 2
and 4.

Probe—sensed pressures should not be processed above Mach 3.5, based on the probe hard-
ware performance specifications.

PASS software does not act in any way upon detection of an air data BITE.
Each ADTA is powered by one of the three main buses (answer c).

The air data probe motors run on three—phase AC power (answer b).

Answers to Section 3

1.

FDIR compares sensed pressures and can downmode those which exceed a predetermined
threshold.

Left probe data will be the average of data from ADTAs 1 and 3. Right probe data will be
the data from ADTA 2. Selected air data will be the average of left probe data and right
probe data.

A deployed probe will be considered unusable only if neither pair of probe discretes

matches the required state; i.e., DEPLOY = true and STOW = false. This can occur due to a
failure of the probe limit switches or of the FF MDMs which transmit the discrete status to
the software.

RM will declare an air data dilemma if a side—to—side data comparison test fails, if a
same—side test fails on the only available probe or if all available ADTAs are manually
deselected.
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Answers to Section 4

1.

The ADTA SOP outputs dynamic pressurg @ngle of attacko), Mach number (M), true
airspeed (TAS), equivalent airspeed (EAS), and corrected pressure altifigdle (H

Air data parameters are processed by the ADTA SOP in GNC Major Modes 304, 305, 602,
and 603. NAVDAD parameters are typically processed in MMs 304 and 602, while probe—
sensed data is processed in MMs 305 and 603.

Left/right air data are used by the dedicated displays for driving tapes on the AvVI and
AMI. Selected air data is used by GNC software modules.

When not using probe—-sensed data, the ADTA SOP gMtsEAS, TAS, andx from
NAVDAD (includes parameters provided by UPP and ATT PROC).

Default air data is processed by PASS software when probe—sensed data is not available
below a velocity of 1500 fps. In this casdsgrocessed as a function of relative velocity
ando is assumed fixed at 7.5 Default data is used in lieu of NAVDAD because high

wind conditions can severely impact its accuracy during flight in the lower atmosphere.

GNC SPEC 51 displays probe—sensed altitude, alpha, and Mach number for each ADTA.
The dedicated displays can only provide probe—averaged data for each side or the average of
both probes (selected air data) when the AIR DATA switch is in the NAV position.

Answers to Section 5

1.

The onboard software can use air data once the AUT/INH/FOR options for NAV and/or
G&C are taken to AUT or FOR on the HORIZ SIT page (SPEC 50).

EAS derived from an air data probe can be monitored on the AMI by taking the AIR DATA
select switch to LEFT or RIGHT.

Altitude from each ADTA is displayed on the OVERRIDE page (SPEC 51), while altitude
from a probe can be displayed on the AVVI by taking the AIR DATA select switch to LEFT
or RIGHT.

An OFF flag will be displayed for the AMI and AVVI tapes when the AIR DATA select
switch is set to a probe that is not deployed. The absence of the OFF flag will indicate the
probe is deployed.
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Answers to Section 6

Both air data probes are simultaneously deployed by the crew at Mach 5.0.

If air data (both ADTA H and ADTA TO G&C) is taken to Auto prior to Mach 2.5, then
processing will begin at Mach 2.5.

If air data has not been incorporated to G&C by Mach 2.5, the crew should take manual
control in pitch (P CSS) until incorporation occurs. If air data processing has not occurred
by Mach 2.0, the crew should fly theta limits. Below this velocity, guidance software is not
trusted to correctly command the flight control surfaces for flight through the lower
atmosphere without input from the air data system.

If the ADTA H edit ratio is above 1.0, data should only be forced if (1) degraded onboard
NAV is determined to be the cause of the discrepancy with air data and (2) NAV processing
of ADTA H will improve the state vector.

Answers to Section 7

1.

Incorporation of air data to G&C can occur with only a single remaining ADTA when flying
on the BFS. In PASS, at least two ADTASs are required per guidelines in order to process air
data to G&C. Incorporation of ADTA H for navigation is independent of the above guide-
lines.

A commfaulted ADTA will be indicated with a “ ” symbol on the BFS GNC SYS SUMM.
This signature is identical to that for an ADTA downmoded from the BFS air data selection
filter due to BITE detection.

Once the BFS has been engaged, the crew has no way to monitor data from a single probe if
both probes are deployed since the dedicated displays drive probe—averaged data for the
LEFT and RIGHT positions of the AIR DATA switch. Recall that GNC SPEC 51 does not
display air data parameters in the BFS.

Bad data from ADTA 4 would not result in any failure indications in the BFS because the
the BFS uses the lower—-numbered ADTA on each probe.

The BFS would annunciate an RM FAIL ADTA fault message along with the SM Alert light
and tone. A“ ” would also be displayed for the ADTA status on GNC SYS SUMM 1.
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Appendix C
ADTA MODE /STATUS Word

The ADTA MODE/ STATUS word supplies the health and status of the ADS hardware
components to the flight software . During entry, the BFS will downmode an ADTA for certain
bits set to the failed state. In OPS 8, the ADTA GOOD bit is used to drive a crew status
indicator on the SPEC 41 RGA/ADTA/RCS display.

Bits 5 through 13 can be set and reset every processing cycle (40 msec), but three consecutive
fail cycles are required before the ADTA GOOD bit can be set failed. Once the ADTA GOOD
bit is set failed, 16 consecutive non—fail cycles for bits 5 through 13 are required before ADTA
GOOQOD can be reset to the GOOD state.

NOMINAL ADTA MODE / STATUS WORD

BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
i1f({0}jo0fo0O}j2(1}j2|1}j2|1{12|1(1]1(01]0

BIT DEFINITIONS

1 ADTA GOOD (1=GOOD, 0=FAILED)
2 spare (always 0)
3** HIGH SELF-TEST MODE
(1=TEST MODE ENGAGED, 0O=TEST MODE NOT ENGAGED)
4** LOW SELF-TEST MODE
(1=TEST MODE ENGAGED, 0O=TEST MODE NOT ENGAGED)
5* PqaL. TRANSDUCER GOOD (1=GOQOD, 0=FAILED)
6* Pqou TRANSDUCER GOOD (1=GOOD, 0=FAILED)
7 Pac TRANSDUCER GOOD (1=GOOD, 0=FAILED)
8* Ps TRANSDUCER GOOD (1=GOOD, 0=FAILED)
o* A/D CONVERTER GOOD (1=GOOD, 0=FAILED)
10* ELECTRONICS GOOD (1=GOOD, 0=FAILED)
11~ TEMPERATURE CIRCUIT GOOD (1=GOOD, 0=FAILED)
12* SUM CHECK GOOD (1=GOOD, 0=FAILED)
13* POWER SUPPLY GOOD (1=GOOD, 0=FAILED)
14***  SELF-TEST DISCRETE INPUTS GOOD (1=GOOD, 0=FAILED)
15 spare (always 0)
16 spare (always 0)

*  BFS will downmode if these are set to O.
**  BFS will downmode if these are set to 1.
** ADTA will not enter self—test if this bit set to 0.
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Appendix D
NAV-Derived Air Data and Default Air Data

Even though probe—sensed air data is not used until Mach 2.5, the ADTA SOP provides an air
data output dataset throughout entry (OPS 3 and 6). When ADTA pressures are not being used,
provisions have been made to provide substitute inputs to the SOP. This substitution data is
computed from a number of sources available elsewhere in the GNC flight software code. One
data set composed of B, and EAS is called navigation—derived air data (or NAVDAD). This
dataset is computed in a separate SOP and is throughput to the ADTA SOP for use in the
absence of probe data. TAS is provided by UPP software, which calculates and propagates
parameters for users with state vector and/or attitude data. The Attitude Processor (ATT PROC)
computesx (as well as other attitude terms) using IMU gimbal angles. Though not technically
accurate, this entire set of software—computed air data terms is commonly referred to as
NAVDAD. The ADTA SOP is designed so that it is possible for G&C to receive NAVDAD

while navigation software uses real corrected pressure altitude from the probes. This can occur
if probe—sensed data is available and required prior to M = 2.5, or if SPEC 50 ADTA TO G&C

is inhibited while ADTA H is enabled.

As orbiter velocity slows below Mach 2.0, NAVDAD becomes a poor substitute for real air data
because it does not account for winds in the lower atmosphere. In NAVDAD, relative velocity
(groundspeed) is substituted for true airspeed, creating a nontrivial error source in the presence
of high winds. These errors, when used by the Aerojet DAP to compute flight control gains,
could lead to a loss of control. To avoid this situation, DEFAD is used betgw /1500 fps.

Alpha for G&C is “fixed” in the software at 7°5enabling the use of a lookup table where g
becomes a function of NAV—deriveck¥.. Other air data parameters (EAS, TAS, Mach

number) are still provided by NAVDAD.
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