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SECTION 1
TACAN

1.1 INTRODUCTION

The tactical air navigation (TACAN) is a military L-band air navigation (NAV) system with data
computational capability that determines slant range and magnetic bearing of the Orbiter with
respect to a ground station (fig. 1-1). The desired ground station is selected by choosing a
channel number (specific frequency) which can be verified by the crew via a periodic
transmission of a coded station identification (ID) signal (resulting in an audio tone to the crew).
There are three TACAN's on the Orbiter, located in the forward avionics bays. Two types of
TACAN's are available for installation; an older Gould model, or a newer Collins model. The
solid state Collins model is a mechanically and functionally transparent replacement for the
Gould model, however it weighs less, uses DC (versus AC) electrical power, and does not
require forced air cooling.
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Figure 1-1 TACAN Output data STATION

Each TACAN has an L-band antenna located on the upper and lower portions of the vehicle
nose (fig. 1-2). Antenna selection can be made either automatically by computer control or
manually by a select switch (fig. 1-3). The TACAN range and bearing data are used to update
and increase the accuracy of the NAV state vector during the entry and terminal area energy
management (TAEM) flight phases. After transformation to the runway coordinate system, the
range and bearing data can also be displayed on the horizontal situation indicators (HSI's).
Nominally, the three TACAN'’s operate simultaneously on 1 of 252 L-band channels. Ultimate
control of the TACAN subsystem is via the control head on panel 07 (fig. 1-3). The control
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head has a four-position rotary function switch, four thumbwheels for channel selection, and
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Figure 1-2. -TACAN Antennalocations
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Figure 1-3. TACAN System Controls (Panel 07)

an antenna select switch. The four positions of the function switch are as follows: OFF,
RECEIVE, TRANSMIT/ RECEIVE, and general purpose computer (GPC). AC power (Gould
model) or DC power (Collins model) is applied to the receiver/transmitter (R/T) when the rotary
switch is in any position except OFF (fig. 1-4).
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Figure1-4 TACAN power

When in receive (RCV) or transmit/receive (T/R) positions, the commanded channel is
determined by the thumbwheel positions. Channel numbers 1 through 126 are recognized by
the R/T. The fourth thumbwheel determines the mode of the ground beacon (X or Y - this
essentially doubles the available frequencies from 126 to 252) that completes the channel
selection definition. When in RCV mode, the R/T outputs only bearing data. When in T/R
mode, the R/T outputs both bearing and range data. When the switch is in the GPC position,
the channel number, mode, and self-test command are determined by the GPC. Placing the
antenna select switch in the AUTO position allows the GPC to automatically switch antennas,
based upon successful range lock-on. The auto function is inhibited by selecting the UPPER
or LOWER positions.

NOTE:

Ol |O|H|O] |O
PUSHBUTTONS o| B HIE |

o|y1©

Pushbuttons will replace Thumbwheels when failures occur (mixed fleet). Depressing
pushbutton will index the wheel one digit up (for upper button) or down (for lower button).
Where only two digits apply, e.g. X/Y (only upper pushbutton), each digit will necessarily be
repeated on alternate positions of the wheel; the switch will be wired accordingly to account for
all (10) positions.
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1.1.1 Ground Station Operation

The ground station transmits on one of 252 (126X and 126Y) preselected frequencies
(channels) which correspond to the frequencies the NAV set is capable of receiving. Each of
these frequencies is 63 MHz away from a corresponding R/T transmitting frequency. In X-
pulse coding, the ground station continuously transmits pulse pairs, spaced 12 ps apart, at a
repetition rate of 3600 pulse pairs per sec. The pulse pairs consist of the following:

North

(a) Radiation pattern - effect of both cylinders

<¢—— 1/15 second, fundamental —»‘
’4*1/ 135 second, 9th harmonic |

N _fdH

Signal
Strength

~—Auxiliary |eferer|10e Pulses (8) ﬂ

Time —— DME pulsa—/
(b) Detected signa - pulse envelope only indicated

Figure 1-5. - Bearing pattern

a. A main reference pulse group (15 per sec), each consisting of 12 coded pulse pairs

b. Eight auxiliary reference pulse groups between each main reference pulse group, each
consisting of six coded pulse pairs
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c. Reply pulse pairs, transmitted only when the ground station is interrogated by an R/T
(representing range data)

d. Randomly spaced pulse pairs (squitter), that fill in the spaces between the other pulses

Signals transmitted by the ground station are formed into a modified cardioid (fig. 1-5) radiation
pattern with rotating lobes and nulls, caused by the rotating antenna system. Thus, at any
given point in space, the R/T receives a signal which, due to the rotating lobe and null pattern,
is amplitude modulated. The modulation frequencies are 15 Hz and 135 Hz. The main and
auxiliary pulse groups are transmitted at fixed intervals in direct relationship to the direction of
the main lobe of the radiation pattern, and serve as a reference point from which the R/T
extracts bearing data. At intervals of 37.5 + 2.5 sec, the ground station transmits a three-letter
identification signal consisting of a series of pulse pairs in international Morse code (fig. 1-6).
Distance measurement equipment (DME) pulses are added to the signal when an interrogation
signal is received from the airborne R/T.

Ee) 444

Figure 1-6 TACAN ID controls (Panel 05/09)

1.1.2 TACAN Operation

From the received radio frequency (RF) signal, the R/T computes the bearing of the Orbiter to
the ground station relative to magnetic north. This is accomplished by comparing the phase of
the bearing modulation of the main and auxiliary reference pulses with the positive inflection of
the 15 Hz amplitude modulation.

Because of the horizontal directivity of the ground station antenna radiation pattern, a volume
of weak and/or poor RF energy is created. The volume has the shape of an inverted cone
whose included angle varies from 60° to 120° - typically 90° (fig. 1-7). It is usually termed the
"cone of confusion”; when in the cone, the bearing will generally break lock.

When the mode selector switch is set to GPC or T/R, the R/T will emit interrogation pulses.
This causes the specific ground station to respond with DME pulses. The slant range (Orbiter
to ground station) is computed by the R/T by measuring the elapsed time from interrogation to
valid reply and subtracting known system delays. The maximum range of the R/T is 399.9 n.
mi. at a maximum speed of 6500 knots. When approaching a ground station, the range will
decrease. Inversely, the range will increase when flying away from the station. When directly
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over the ground station, the range will be approximately equal to the altitude. Whenever the
R/T is transmitting, a blanking signal is generated which is used by all of the TACAN’s to inhibit
reception of the transmitted signals.

/

-

TACAN
STATION

STATION PASSAGE INDICATED
WHEN RANGE INDICATOR
STOPS DECREASING

Figure 1-7. - Cone of Confusion

1.2 FUNCTIONAL DESCRIPTION
Figure 1-8 is a block diagram of the TACAN subsystem. A brief functional description follows.

a. Receiver - The receiver amplifies the received RF pulses, performs frequency
conversions, and detects the envelope of the converted signal. The signal is amplified and
demodulated to obtain the composite received video signal, and is applied to the data
processor for processing. The data processor decodes the pulses to recognize valid pulse
pairs and times a counter to provide bearing computation. An internal blanking pulse, to blank
out the receiver and other TACAN's, is also generated. The receiver composes the signals into
a serial data word.
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b. Data processor - The data processor is the brain of the R/T. It decodes all command
signals and produces the necessary signals to control other modules in the R/T. The data
processor decodes the selected channel frequency and sends that data in coded form to
the receiver and frequency synthesizer. In addition, the data processor sends a transmitter
trigger pulse to initiate transmitter pulses. The transmitter RF signals are applied directly
through the coupler-filter switch.

c. Transmitter - The signal to be transmitted is generated by the power oscillator/modulator,
which pulses a continuous wave from the frequency synthesizer. The frequency is
determined by the data processor. The pulsed output signal from the power
oscillator/modulator is applied through the circulator and coupler-filter switch to the
antennas. The transmitting frequency depends on the selected operating mode and
channel, and is 1 of 252 frequencies.

The TACAN R/T will break lock (return to a search mode) under the following conditions:
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a. Whenever the ground-to-air tranmissions are obstructed by natural terrain or aircraft
attitude (loss of signal (LOS)).

b. Bearing will periodically break lock in the cone of confusion.
c. Whenever the channel (frequency) or operating mode is changed.

When break lock occurs, the data is marked invalid and the flags on the HSI will be
displayed, corresponding to the parameter (range or bearing) that has broken lock. (Table 1-I

illustrates the flag conditions.) In addition, the horizontal situation display (HSD) and the guidance,
navigation, and control (GNC) entry systems summary display will display M’s.

TABLE 1 - 1. - HSI - FLAG FUNCTIONS

Indication Cause Effects
I:I:I] * HSI voltage low BRG pointers, compass card, range & course
indicators frozen.
If voltage less than 17 V, range flags may
appear.
TACAN
I:I:I] IF: N N = TACAN channel not in software Bearing pointers and CDI frozen,
A (site lookup) GSl out of view
v J
= %
MLS
TACAN
IF (N — N L .
N = TACAN range or bearing invalid
I:I:I] A (Commfault/lock-on)
V E/
MLS Bearing ;pointers frozen, GSI out of view,
CDI may be in error.
BRG| [ GS I TACAN _ -
N = MLS range or bearing invalid
A @ (Commfault/lock-on)
v ~~
MLS
TACAN
IF: —
N " BARO altitude invalid (air data RM) GSI out of view, constants or NAV altitude
C used in bearing and range calculations.
E/
. TACAN L ) ’ :
IF: (——— = MLS elevation invalid GSl out of view, one of two elevation constants
N (Commfault/lock-on) used in bearing and range calculations:
A prior to find flare- 0.33281 MM;
Vv U after final flare- 0 MM.
N
MLS
BRG ® HSl internal failure; SERVO AMP feedback miscompare Compass card and course pointer frozen (bearing
pointers continue to drive but may bein error).
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1.3 DISPLAYS
All the displays used by the crew for TACAN monitoring and systems management are

documented and described in detail in the Data Processing Systems (DPS) Dictionary (JSC-
48017). A brief summary of these displays is documented below.

1.3.1 Horizontal Situation Display (HSD)

The HSD allows control and assessment of the NAYV filter performance, as well as the three
TACAN subsystems. The display is available in OPS 3 and OPS 6 and is called by a SPEC 50
PRO on any CRT (Figure 1-9). The TACAN data presented in the lower right corner of the
display represents actual slant range and magnetic bearing if ABS (Item 34) is selected. If
DELTA (Item 35) is selected, the difference between the TACAN measured data and the
navigation derived data is displayed. In addition, the current status of the TACAN's is
desplayed adjacent to the parameter. If TACAN self-test has been initiated by redundancy
management (RM), the word “TEST"” is displayed.

The HSD contains the edit controls which determine usage of TACAN data by navigation. For
TACAN, the edit occurs on a parameter-by-parameter basis.

RESID = RESIDUAL = SELECTION FILTERQUT - NAV FILTER gst

RESIDUAL

RATIO = <1.0
MAX ALLOWABLE RESIDUAL

A RATIO greater than 1.0 will cause a:

* NAV EDIT TAC message to be generated on all active Cathode Ray Tubes (CRT'S)
» Class 3 alarm
» “down arrow” to be displayed in the RATIO status column

The EDIT condition is reset if two out of four ratio checks are < or = 1.0.
AUTO = Automatic = allows use of TACAN data that passes the EDIT function
INH = Inhibit = does not allow incoming TACAN data to update the state vector

FOR = Force = overrides the EDIT function; forces TACAN data into the state vector

The HSD also provides the capability to select either of two TACAN channels associated with a
selected landing area. When a landing area is selected via Item 2, the primary TACAN channel
is automatically selected. Subsequent execution of Item 5 alternately selects the secondary
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and primary TACAN channels. The selected channel ID is displayed next to Item 5. Selection of
the primary or secondary runway within a landing area (Item 3 and 4) does not affect the
selected TACAN channel. The TACAN mode switch must be in the GPC position in order for
Item 5 to actually change the channel to which a line replacement unit ( LRU) is tuned. If the
mode switch is in any other position, the TACAN LRU will be tuned to the channel selected on
the TACAN channel thumbwheeels, regardless of the channel selected by Item 5 on the HSD.
Table 1-11 shows a typical list of available landing areas and their associated

primary and secondary channel ID’s.

XXXX / 050/ HORIZ SIT XX X DDD/HH:MM:SS
T ooc Tl ALTM DDD/HH:MM:SS
INEX XX 9 XXX Lo as o Y
XXX
! ! ! ! + XXXXXX
5.0K 0 5.0K -AY 1
XXXXXXXXXX XX 5.0K —— + XX XXX X
TACAN 41 XXXX SITE XX A7 12
channel PRI XXXXX  3X T xxxxxx
select SEC XXXXX 4X AX 13
LB TAC XXX 5 e FXXXX
AY 14
TAEM TGT o 1 rxxxx
G&N X XXX X 6 © A
HSI X Z 42
XEP 7 5ok ——  TXXXX
AIM XXXX 8 A LOAD 16
S/B XXXXX 39 MLS 18 AT +XX.XX
NAV RESID [ RATIO[AUT[INH [FOR[ TACI1 XXX[TAC2 XXX[TAC3 XXX
TAC AZ[+ XXXX| XX.XS|19X |20X [21X | +XXX.XXS|+ XXX XXS|+ XXX XXS
RNG|+ XX.XX | XX.XS XXX XXS|+ XXX XXS|+XXX.XXS
GPS TOXX XX | XX MS|42x [43X |44x DES 31X | DES 32X| DES 33X
DRAG H [FXXXXX | XX XS |22X [23X [24X ABS 34X DELTA 35X | XXXX

ADTA H[EXXXXX | XX XS 25X |26X [27X |[GPS S RN +XXXX.X }%XX.XX
49

ADTA TO G&C / 28X 29X [30X [AIF_ G SA7X 48X H XXX.X
* = editJ TEST = TACAN sdf-test Status
in progress * = Parameter
failure
? = dilemma
Figure 1-9 Horizontd Situation Display M = commault/
loss of lock
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TABLE 1-I.- LAND SITE DATA CHART

ETR low inclination

A Location RWY, TACAN MLS Rwy
r Length
e
a (PRI) (SEC) (feet)
1 KSC KSC 15 | TTS59Y COF97 8 15000
KSC 33 | TTS59Y COF97 6 15000
2 Dakar YOF 01 | YOF68 YF78(DME) 11500
Amilcar CBRL AML 02 | YOF68 YF78(DME) 10700
3 MRN 21 | MRN100 AOG23 11840
MRN 03 | MRN100 AOG23 11840
4 Las Palmas GDV 03 | GDV76(DME) 10200
Kinshasa KIN 25 KW70(DME) 15500
5 Darwin DDN 29 | DN84 11040
DDN 11 | DN84 11040
6 Edwards EDW 22| EDW111 PMD92 8 15000
EDW 17| EDW111 PMD92 6 15000
7 Honolulu HNL 08 | HNL100 CKH86 12000
HNL 26 | HNL100 CKH86 12000
8 Northrup NOR 17 | SNG-121 HMN92 8 15000
NOR 23 | SNG-121 HMN92 15000
9 Edwards EDW 23| EDW111 PMD92 14880
EDW 15| EDW111 PMD92 15000
10 Edwards EDW 04| EDW111 15000
Northrup NOR 05 | SNG-121 15000
11 Diego Garcia JDG 31 | NKW57 12040
JDG 13 | NKW57 12040
12 Riyadh RIY 01 RIY92 EKI80 10750
RIY 30 RIY92 EKI80 11780
13 Guam GUA 06 | UAM54 GUM58 11220
GUA 24 | UAM54 GUM58 11220
14 Souda SUD 29 | SUD28 SUD49 11810
15 Hao HAO 12| HA80 11090
Hoedspruit HDS 18| HS73 13120
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XXXX [ XXX /018 GNC SYS SUMM 1 XX X DDD/HH : MM : SS
DDD/HH : MM : SS

RCS JET | ISOL
MANE| FAIL | VLV SURFE POS MOM DPS 1 2 3 45
F1 | XXX XXS L OB XXX.XS XXS GPC S S S SS
2 [ xxx XXS 1B XXX.XS XXS MDM FF S S S S
3 [ Xxxx XXS R IB XXX.XS XXS FA SSS S
4 [xxx XXS OB XXX.XS XXS
5 [XXxX XXS AlL XXX.X
L1 [xxx | xxs RUD XXX.X e
2 | xxx XXS SPD BRK XXX.X
3 | xXxXx XXS BDY FLP  XXX.X
4 | XXX XXS XXXXXX NAV 1 23 4
5 | XXX XXS IMU S SS STATUS
R1 | XXX XXS CNTLR 1 2 3 ACC S SSSs blank = SYSTEM OK
> [xxx XXS RHC L S S S RGA S SSS M = COMMEAULT/
3 [xxx XXS R sss TAC S S S -— L OSS OF LOCK
A Eototoll IR0 e L 888 ADTA S 588 [ ZDEMA
5 [xxx XXS A Ses ¥ = UNIT FAILURE
SBTC L SSS
R SSS

Figure 1-10 GNC SYSTEM SUMMARY 1 display

1.3.2 GNC Entry Systems Summary (GNC SYS SUMM)

The Systems Summary display (Figure 1-10) provides overall monitoring of the GNC systems
and supports the GNC caution and warning (C&W) system. This display is available in OPS 3
or OPS 6 by using the SYS SUMM key on the crew's keypad or by a SPEC 18 PRO on any
CRT.

1.4 TACAN CONTROL WORD

The multiplexer/demultiplexer (MDM) plays a major role in the formatting of the TACAN control
register format. In the GPC mode, the MDM formats the control word from the GPC inputs.
While in the T/R mode, it uses inputs from the control head thumbwheels. The control word
contains channel number, X/Y mode, T/R or RCV mode, and the self-test
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TACAN Control Register Format (MDM-to-TACAN)

* Don’'t care bits in hardware.

Bit no. Function Comment
0 Sync Always 1
1 Spare *
2 X/Y mode 1=Y,0=X
3 A/A 0= Not air to air
4 T/R, R 1=T/R,0=R
5 Spare *
6 Spare *
7 Channdl selection 1 Units
8 Channd selection 2 Units
9 Channdl selection 4 Units
10 Channd selection 8 Units
11 Channd selection 10 Tens
12 Channd selection 20 Tens
13 Channd selection 40 Tens
14 Channd selection 80 Tens
15 Self test 1=Test
16-31 Set to 0 by MDM

TACAN Discrete Word Format (TACAN Control Head-to-MDM)

Bit no. Function Comment
0 Channdl Selection 100 hundreds
1 Power On discrete 1 = Power On
2 X/Y mode 1=Y,0=X
3 Test Status Monitor 1 = Good
4 TR, R 1=T/R,0=R
5 Radar Altimeter
6 Radar Altimeter
7 Channd selection 1 Units
8 Channd selection 2 Units
9 Channd selection 4 Units

10 Channd selection 8 Units
11 Channd selection 10 Tens
12 Channd selection 20 Tens
13 Channd selection 40 Tens
14 Channd selection 80 Tens
15 Spare

Note: For TACAN channel numbers 2 100, bits 11-14 of the control
word differ from bits 11-14 and O of the discrete word.

Figure 1-11 TACAN Control Word
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command (fig. 1-11). Anillustration of this control word can be found in the "TACAN Control
Register Format" and "TACAN Discrete Word Format" figures in the NAVAIDS FSSR (STS-83-
0014F, Volume 1).

1.5 TACAN OUTPUT DATA

Range/bearing data - A simplex serial data channel exists between the TACAN unit and the
MDM input/output module (IOM) for transmission of range and bearing information to the MDM
IOM. Both range and bearing are transmitted as 32-bit words, 3.162 ms/word, 96 us/bit (11
kHz + 3.5 kHz bit rate). The bits appear in ternary-level, return-to-zero format. A logical 1
consists of a positive signal level during the first half of the bit time; a logical 0 consists of
negative signal level during the first half of the bit time. In both cases, the second half of the bit
time consists of a zero-volt level.

Bearing words are transmitted to the MDM IOM at a maximum rate of 15 words per second;
range words are transmitted at a maximum rate of 27 words per second. The range and
bearing words are transmitted independently of one another. The TACAN unit ensures that for
near simultaneous use of the serial data channel for range and bearing transmissions, a gap of
at least four bit times exists between range and bearing words. The range and bearing words
are transmitted by the TACAN unit without initiation by the MDM IOM. The MDM IOM accepts
the words whenever they are transmitted. The format of the bearing word is illustrated in the
"TACAN-to-MDM Bearing Word" figure in the NAVAIDS FSSR (STS-83-0014F, Volume 1), as
well as in the "MDM-to-GPC Bearing Word" illustration in the same document (figure 1-12).
There are slight differences in the bit numbering between these words, but the information
transmitted by the words is the same.

BEARING WORD (TACAN UNIT-TO-MDM |I0M)

PARITY BEARING
BEARING SELF-TEST
STATUS BEARING (MSB: 90°, LSB: 0.0439°) STATUS BEARING LABEL

m
? 5
= -0 0 0 0 0 O 00 0 0 0 0O 0 0 1

1 2|3 4|5|6|7|8|9|10|11|12|13|14| 1516|17|18|19|20|21 22|23 24 25|26|27|28|29|30|31| 32

0 12 345 6 7 8 91011 12 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
| WORD 1 Il WORD 2
Note: Thisword is actually transmitted bit 32 first.

Figure 1-12 Bearing Word
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BIT
0 Parity. This bit assigns odd parity to all 32 bits

1,2 Bearing Status.

00 - Valid bearing, less than 180 deg (track or short-term memory)
11 - Valid bearing, 180 deg or greater (track or short-term memory)
10 - Invalid bearing (no computed data; search mode)

01 - TACAN built-in test equipment (BITE) failure (bearing)

When the TACAN unit has locked onto a beacon, bearing measurements are
processed at the rate of 15 samples per second. The TACAN unit is referred to
as being in track mode. (Initial lock-on for bearing determination requires up to 3
seconds).

When the TACAN unit has been in bearing track mode for 15 seconds or more,
LOS from the beacon does not necessarily result in a halt of signal transmission
(bearing words) from the TACAN unit to the MDM IOM. During this time period,
the TACAN unit is referred to as being in short-term memory mode. At the end of
the short-term memory period, the TACAN unit enters long-term memory mode
for a period of three to eight seconds. Bearing words continue to be transmitted
to the MDM IOM with invalid data indication (in the absence of incoming signals).
At the end of the long-term memory period, the TACAN unit enters search mode.
Bearing words are no longer transmitted to the MDM IOM.

3-14 Bearing. These 12 binary bits define bearing in magnitude format. The high
order bit (bit 3) has a weight of 90 degrees. The low order bit (bit 14) has a
weight of 0.0439 degrees. Bits 1 and 2 above establish whether or not the value
of 180 degrees should be added to the information contained in bits 3-14.

15-20, These bits are always logical 0's.
23

21, 22 Bearing self-test status. These two bits define whether or not the TACAN unit is
in self-test mode:

00 - Normal operation
11 - In bearing self-test
10,01 - Undefined

When the TACAN unit is successfully performing self-test, it continuously
transmits a valid bearing value between 177.5 and 182.5 degrees. It is required
that IOP or government-supplied equipment (GSE) units conducting self-tests
verify that the bearing is within the above limits. Bearing values outside of the
limits are to be interpreted as a failure of TACAN bearing circuitry.
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24-31 Bearing label. Bits 24-31 define the bearing label. The label serves to allow
discrimination between bearing and range words.

BEARING WORD

TACBEARA TACBEARB
BIT 32 29 28 25 24 21 20 17 16 13 12 9 8
>9B9 5 e N=N=N=) o
F223 S8 3l OWNA© 23 SELF- w
DATA g8 SRR %§§§ Egg 2 > TEST 2 >
668 RN NHSc | ose & -
EXAMPLE 0110 1100 1100 0000 0000 0XXO0 00000001
251.71870 ll—l
BEARING
LABEL
31 30 11 10 BIT
0 0 —_— —_ LESS THAN 180 DEGREES (TRACK OR SHORT-TERM MEMORY)
0 1 —_ —_ SELF-TEST FAILURE
1 0 —_ —_ NO COMPUTED DATA (NO OR UNUSABLE SIGNAL)
1 1 —_— —_ 180 DEGREES OF GREATER (TRACK OR SHORT-TERM MEMORY)
—_ —_ 0 0 NOT IN SELF-TEST
—_— —_ 1 1 IN SELF-TEST
—_— —_ 0 1 NOT DEFINED
—_— —_ 1 0 NOT DEFINED

NOTE: BIT 32ISALWAYSSET FOR ODD PARITY
BINARY VALUES ROUNDED

Figure 1-13 TACAN -to-MDM Bearing Word
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BEARING WORD

TACBEARA
0 TACBEARB 15
16 31
BITS
0 = PARITY
1&2 = ‘00 LESS THAN 180 DEGREES
= ‘01 SELF-TEST FAILURE
= ‘10 NO COMPUTED DATA
= ‘11 180 DEGREES OR GREATER
3 = 90.00000
4 = 45.00000
5 = 22.50000
6 = 11.25000
7 = 5.62500
8 = 2.81250
9 = 1.406250
10 = 0.7031250
11 = 0.35156250
12 = 0.17578120
13 = 0.08789560
14 = 0.04394530
15 THRU 20*
21& 22 = '00" NOT IN SELF-TEST
= ‘11" IN SELF-TEST
= ‘10’ NOT USED
= ‘01’ NOT USED
23*
24 THRU 31 LABEL = 0000 0001

* DON'T CARE BITS IN H/W.

Figure 1-14 MDM-to-GPC Bearing Word
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The format of the range word is illustrated in the "TACAN-to MDM Range Word" figure in the
NAVAIDS FSSR (STS-83-0014F, Volume 1), as well as in the "MDM-to-GPC Range word
illustration in the same document (figure 1-15).

RANGE WORD (TACAN UNIT-TO-MDM I0OM) BCD 1/100's (NM)

BCD BCD BCD

e B o BCD 1/10's (NM) RANGE

RANGE s s c o oo 8 88 8§ SELF-TEST

STATUS (NM) (NM) (NM) $ IS S3 3 S S S SsTATUS RANGE LABEL
g 8
N S[80 40 20 108 4 2 1 0 of1 0 0 0 o0

1]2]3lals|e]| 7|8l o]1o]11]12]13]14] 1516 ]| 17| 18] 19]20 |21 |22 |23 |24 | 25 | 26| 27] 28] 29| 30| 31 32
0 12 345 6 7 8 910 11 12 13 1415“16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

WORD 1 WORD 2

Note: Thisword is actually transmitted bit 32 first.

Figure 1-15 Format of the Range Word
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BIT
0,1

2-19

Range Status.
00 - Valid data (track or short-term memory)
10 - No compute data (search or long-term memory)
01 - TACAN built-in test equipment (BITE) failure

(range circuitry)
11 - Spare
Up to 2 seconds are required for initial lock-on and processing of the first valid
range measurement after the RF channel of the beacon has been selected. RF
channel selection requires an additional 1 second (maximum). The 1 second
time period is required by the TACAN unit to establish the RF transmitter/receiver
pair of frequencies.

When the TACAN unit is performing valid measurements of range, the TACAN
unit is referred to as being in track mode. Upon the LOS from the beacon, the
TACAN enters short-term memory mode and remains in this mode of operation
(in the absence of incoming signals) for approximately 0.5 to 1.0 seconds.
During this time period, the TACAN unit continues to output valid range values to
the MDM IOM.

At the end of the short-term memory period, the TACAN unit enters the long-term
memory period. The range status code is changed from 00 (valid data) to 10 (no
computed data). The long-term memory period is at least 8 seconds and as
much as 12 seconds in duration (provided the TACAN unit has been processing
valid data for at least 15 seconds). The long-term memory mode allows TACAN
signal processing to continue immediately upon beacon signal return.

The TACAN unit incorporates a range filter of the velocity type to filter range.
The MDM IOM receives range values which are the output of this filter. When
the beacon signal is lost, the output of this filter continues to generate range
values. The range values exhibit constant range rate (velocity), zero
acceleration.

Range words are transmitted from the TACAN unit to the MDM IOM whenever
the output of the range filter changes by 0.05 nm/sec (4860 nm/hr).

At the end of the long-term memory period, the TACAN enters the search mode.
In search mode, up to 2 seconds are required for lock-on (when signal are
present).

Range data. These 18 bits provide range in binary coded decimal (BCD) format.
The maximum possible indicated range is 399.99 nm.
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20

21, 22

23

24-31

Collins BITE Status. Reference section 1.9.1.2 for details of what sets this BITE
discrete.

0 - No BITE present
1 - BITE present

Range self-test status. These two bits define whether or not the TACAN unit is
in self-test mode.

00 - Normal operation
11 - In range self-test
10,01 - Undefined

When the TACAN unit is successfully performing self-test, it continuously
transmits a range value between 0 and 0.5 nm. Itis required that IOP or GSE
units conducting self-test verify that the range is within the above limits. Range
values outside of the limits are to be interpreted as a failure of the TACAN range
circuitry.

Collins Suppression Pulse Present. Reference section 1.9.1.1 for details of this
discrete.

0 - Suppression pulse not present
1 - Suppression pulse present

Range label. Bits 24-31 define the range label. The label allows discrimination
between bearing and range words.

The foregoing completes the description of the range and bearing words from the MDM to the
GPC. The GPC receives two additional signals from the TACAN unit. These signals (TACAN
power-on indication, TACAN test monitor) are described as follows:

a. TACAN power-on indication - This discrete signal indicates that the TACAN is powered ON.

b. TACAN test monitor - This signal is used to indicate the progress of the self-test. The
signal is at a logical 1 level (+5 V dc) whenever the TACAN unit is in normal operation.
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RANGE WORD
TACRANGA TACRANGB
BIT 32 29 28 25 24 21 20 17 16 13 12 9 8 1
SELF- d

DATA 100's 10's T's 1/10's 1/100's | Test | 2— P
-

EXAMPLE 0010 0101 0111 1000 0101 0XXO0 10001001

257.85 NM 2 5 7 8 5 |
DISTANCE

LABEL

31 30 12 | 11 10 9 BIT
0 0 - | - - — | VALID DATA (TRACK OR SHORT-TERM MEMORY)

1 - - — | SELF-TEST FAILURE
0 - | = - — | NOCOMPUTED DATA (SEARCH OR LONG-TERM MEMORY)

1 1 - | — - — | NOT USED
— | NOT IN SELF-TEST

0
1 — | INSELF-TEST
1
0

— | NOT DEFINED

NOT DEFINED

- 0 - - — | PASSED AUTOBITE TEST *

- - 1 — — — | FAILED AUTOBITE TEST *

- — - 0 | SUPPRESSION PULSE NOT PRESENT *
— - - — — 1 | SUPPRESSION PULSE PRESENT *

* VALID FOR MC409-0184 TACAN ONLY (COLLINS)

Figure 1-16 TACAN-to-MDM Range Word

When self-test is initiated, the signal drops to a logical O level. It remains at a
logical O level throughout the self-test period and beyond if a failure is
encountered. The signal returns to a logical 1 state upon the completion of self-
test if self-test is successful. Self-test requires a minimum of 4 sec and a
maximum of 18 sec for completion.
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RANGE WORD
TACRANGA
0 15
TACRANGB
16

BITS

0&1 =00  VALIDDATA
=0l  SELF-TEST FAILURE
=10 NOCOMPUTED DATA
= ‘1"  NOTUSED

2& 3 100's N.MILES

4THRU 7 10's N.MILES

8 THRU 11 'S N.MILES

12 THRU 15 1/10's N. MILES

16 THRU 19 1/100°'s N. MILES

20 * AUTO BITE TEST STATUS
= ‘0" PASS
= ‘1" FAIL

21& 22 = ‘00" NOT IN SELF-TEST
= ‘11" IN SELF-TEST
= *10' NOT USED
= ‘0 NOT USED

23 * SUPPRESSION PUL SE PRESENT
= ‘0" PULSE NOT PRESENT
= ‘1" PULSE PRESENT

24 THRU 31 LABEL = 10001001

* VALID FOR MC409-0184 TACAN ONLY (COLLINYS)

Figure 1-17 MDM-to-GPC Range Word
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1.6 40-DEGREE BEARING GLITCH

There have been false lock-ons of TACAN's since the beginning of the TACAN system. One
particular false lock manifests itself by a bearing error of 40 degrees, or a multiple of 40
degrees. This particular false lock is usually referred to as the 40-degree bearing glitch. Its
duration can be either momentary or prolonged. In general, momentary errors do not exceed
several seconds. A prolonged false lock can last indefinitely.

The momentary false lock (assuming correctly aligned and adjusted system equipment) is
usually attributable to RF multipath (site reflection) effects. The prolonged glitch is generally
caused by incorrect equipment alignment.

The TACAN azimuth system uses a 15 Hz modulation for a coarse bearing and

a 135 Hz modulation for fine bearing. One period of the 15 Hz cycle is equal to 360 bearing
degrees while one period of the 135 Hz cycle equals

40 degrees (fig. 1-18). An improper phase determination of the 15 cycle modulation by as
much as 20 degrees (one-half sector) or more would result in the 15 Hz cycle information being
positioned in the incorrect sector resulting in incorrect bearing information.

Possible causes of the glitch include the following:

a. Incorrect internal co-alignment of the parasitic elements inside the surface beacon
antenna

b. Incorrect rotational speed of the surface beacon antenna
c. Incorrect alignment of the airborne equipment

d. Deterioration of component characteristics in the airborne and/or ground
equipment

e. RF reflections of the radiate beacon signal from combinations of horizontal and
vertical surfaces

f.  False modulations produced in a low-signal, high-noise environment

Since this phenomenon is a recognized possibility, onboard RM accounts for the
40-degree bearing glitch as discussed below.
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North

(a) Radiation pattern - effect of both cylinders

1/15 second, fundamental —»‘
’4—1/135 second, 9th harmonic |
)\ M
~ (N

~ r N T~
,7 o
Ve N,

/

Y

Signal |
Strength ~—Auxi Ili ary |efererfce Puises (8)
|

Time ——» DMEpuIs&J
(b) Detected signal - pulse envelope only indicated

Figure 1-18. - Bearing pattern

The source for the discussion of this anomaly was taken from TECHNICAL INVESTIGATION
OF FALSE AZIMUTH LOCK-ONS IN THE TACAN NAVIGATION SYSTEM dated August 19,
1968 (Project No. 67-57 Serial number 20).
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1.7 RM

Selection filtering (SF) utilizes standard midvalue select (MVS) at the three level, averaging at
the two level, and prime select at the one level (fig. 1-19). Selection is performed on a
parameter basis of candidate units.

TAC3RNG o/t | RNG
TAC2RNG A O/t

3
A 2
TACAN |TACLRNG it ﬂ
SOP 1 I 1
LS s
| 0
TAC2BRG A o + PREV
TAC1BRG A o
NAV
| rRnG
IJ: BRG  CASE
> CASE
CANDIDATE 1 S
RNGLOCK P 3
EDIRDES __A \
CREW SEL__1 RNG
CMFELT A .
POWER _ /
SELFTEST _/ P % 2
\1 }
1
‘\BRG }
BRG LOCK ( ]
FDIRDES _
40°GLITCH _/ )1/ B
(3LEVEL) ™~ B P 0

Figure 1-19. - TACAN RM-SF

Fault detection, isolation, and reconfiguration (FDIR) determines the eligibility of a parameter
for SF candidacy based upon two out of three comparison at the three level, and an automatic
self-test (if in GPC mode) at the two level (fig. 1-20). An unresolved self-test leaves that
parameter in a dilemma situation (not used by NAV) (fig. 1-21). Aside from an FDIR declared
failure, candidacy for SF will also be dependent on lock-on, crew selection, communication fault
(CF), power status, 40° glitch check at the three level, and participation in self-test at the two
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level. The 40° glitch check logic determines if a TACAN's bearing data differs from the
previous selected bearing value by an increment of 40° (+4.5°). If it is determined that a 40°
glitch has occurred on one TACAN at the three level, then that LRU’s bearing will not be a
candidate for SF until the 40° glitch clears; however, it will not be declared failed by FDIR.

| RNG
I RNG [ RNG I RNG BRG
BRQ BRQ BRG ™~
RNG 3 _./ P EXIT
M’ DELTA THRESHOLD MC12 Q’K | - 5 FA3IL
e DATA LEVEL I ® | IN=10
RNG2 | | | 5| DETECTOR —
BRG 2 FAIL
—p O)r:__\ —d (5 )
TAC ‘ 1 | o H{N=19
RNG 1 172 -]
BRG 1 gi I | 0 MCc-23 o/'{_\ | 5 s FAlle
' - - i | Diias
BRG-2 CASE
> RNG-2 CASE
> Y
SF
RNG GAX
BRG DISPLAY
SET
CASE DLMA p| GAX
DETERMINATION + LFLAG _o/t_ DISPLAY
]
BRG RNG A
MC-1J MC-1]
\
[ Y =G
BRG + )
SEL(lF/';EST I RANGE FAIL 113 | <
BRG DGFAIL I/ GAX
! DISPLAY

Figure 1-20. - TACAN RM-FDIR
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SEL'D RNG DATA

% RNG DG=FALSE CAUSES
SELECTION PROCESSING
TO FREEZE
(2) OR (3) RNG A's EXCEED THRESHOLD >| RNG
(2) OR (3) BRG_A's EXCEED THRESHOLD BRG
~
RNG DLMA
BRG DLMA v
RNG
BRG
NO VALID DG = >
o DATA ‘+\ FALSE
-
/ NAV
TAC 1 CMLK/ST ONLY 1
\\é':'}'f INSUFF.
TAC 2 CMLK/ST ® VALID
_+/ DATA
TAC 3 CMLK/ST -
o—| [
2-LOCK REQ
(2 AVAIL.) CONE-OF-CONFUSION
> (N\HIBIT BRG DATA)
> RNG JUMP (CAUSES BRG SELECTION
BRG JUMP PROCESS TO FREEZE)

SEL'D BRG DATA

Figure 1-21. - Inhibit use of TACAN data

Backup flight system (BFS) RM (fig. 1-22) does not contain any FDIR software; however, the
other candidacy requirements do apply. The major SF difference is that the lowest numbered
LRU is selected at the two level. A form of fault detection exists in that a parameter
discompare at the two level will inhibit NAV use of that data.
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TAC 3RNG | RNG
o/t BRG
TAC2RNG A O/t

3
A 2
TACAN [TACLRNG o o—T1ru
SOP | 1
TAC3BRG A o [ *
| 0 —
TAC2BRG A o/: + ’——[ DG—FaIseI_\
TAC1BRG A O/t
NAV
| RNG
IJ:23 BRG  CASE
CANDIDATE 1 —
RNG LOCK °® 3
Fail Track ¢
Ted (2) —9 RNG

CMFLT '
POWER

ER

Fail Track o~ a
Test (2)

BRG LOCK

A,

Figure 1-22. - TACAN RM-SF BFS

1.8 SELF-TEST

The TACAN LRU has an internal self-test feature whereby range and bearing circuits can be
exercised independently. However, an external self-test command is required to initiate the
test. This command may be generated automatically by the GPC’s or manually from the
keyboard.

a. Manual - TACANS may be self-tested onorbit in OPS 8 via a keyboard entry.
LRU’s that exceed test limits will be flagged on the sensor self-test CRT display
(fig. 1-23) with up or down arrows and a BITE indication. Manually deselecting a
unit (due to only one parameter failing) will inhibit both parameters from use.
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b. Automatic - During active entry/return to launch site (RTLS) phases, TACANS that
miscompare (range or bearing) at the two level (while rotary switches are both in
GPC mode) will automatically be commanded to self-test as a vote in breaking a
dilemma situation. Following approximately 20 sec, the failed parameter (only) will
be deselected by RM; however, during the test period both units are unavailable for SF.

The TACAN self-test feature provides a 0.90 probability of failure detection at the LRU level.
Self-test does not check the antennas, the antenna switch assembly, the duplexer assembly,
the power amplitude/modulator assembly, portions of the power supply or the mixer in the
receiver assembly. The TACAN unit does not radiate during self-test.

8011/040/ SENSOR TEST XX X DDD/HH : MM : SS
DDD/HH : MM : SS

DES  STAT RNG AZ EL
MLS 1 1 15.0 -2.96 5.92
2 2 15.2 -3.01 6.05
3 3 BITE 15.44 -3.134 6.174
DES  STAT RNG AZ
TAC 1 4 0.2 177,51
2 5 0.5 178.33
3 6 BITE 0.4 182.544
DES  STAT ALT
RA 1 7 1100
> 8 900
DES Y z
AA 1 9 +14.4 -82.8
> 10 +15.0 -64.4
3 11 +15.2 -58.3
4 12 +15.6 -45.9

\ START 13* STOP 14 /

Figure 1-23 On-orhit Sensor Self-Test
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1.9 COLLINS TACAN

The Collins TACAN (model TCN-252) is an off-the-shelf unit (model TCN-250), modified to be
transparent to the Orbiter interfaces. This is true for the mechanical, functional, and most of
the electrical interfaces. However, the unit weighs less than the Gould TACAN, uses dc
(versus ac) electrical power, and does not require forced air cooling. These units are expected
to have improved reliability, maintainability, and accuracy over the Gould TACANS.

1.9.1.1 TACAN Hardware

The Collins unit is a derivative of an existing TACAN (TCN-250) built by Collins Government
Avionics Division (CGAD), and includes a modified shock mount to provide the proper interface
of this smaller unit to the Orbiter. The receiver/transmitter (R/T) does not require forced air
cooling, which has resulted in the elimination of the cooling duct on the Orbiter Collins TACAN
shock mount. This unit is powered by 28 volts dc, and requires modifications to the Orbiter
overhead panels (014, 015 and 016, row C, for TACANSs 1, 2, and 3 respectively) to include the
appropriate dc circuit breakers (see figure 1-4).

Because of greater isolation between the units, the Collins TACAN is less susceptible to the
40-degree Bearing glitch that is inherent in the Gould TACAN. In addition, this greater isolation
is expected to reduce the effect of a blanking pulse failure, and a Collins TACAN should lock
on very close to nominal altitude with such a failure present on a unit.

The Collins TACANS also have a blanking pulse (BP) monitor discrete. This TACAN Range
Suppression Pulse Present discrete is output in bit 23 of the MDM-to-GPC Range word and is
monitored prelaunch in the Launch Commit Criteria. The suppression pulse present bit is the
value of 1 if any TACAN (Gould or Collins) is transmitting a blanking pulse, and the value of 0 if
no TACAN is transmitting a blanking pulse. For example, when at least one TACAN (Gould or
Coallins) is in the T/R mode, blanking pulses are sent which should be detected by all TACANS.
The Collins TACANSs should display the value of 1 for the suppression bit. If a Collins does not
indicate a 1, then a failure in the suppression circuitry exists affecting at least one TACAN. If
this occurs prelaunch, all TACANSs will be taken one at a time to T/R mode, with the remaining
TACANSs in RCV mode in order to determine which TACAN is not sending or receiving the
suppression. Similar troubleshooting can also be performed on-orbit and during entry to isolate
the failure. When all TACANSs are in RCV only mode, no blanking pulses are being sent and all
Collins TACANSs should indicate the value of 0.
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1.9.1.2 Self Test and BITE

The Collins TACAN has self-test and built-in-test (BITE) capabilities that check approximately
96 percent of the electronics. The BITE is referred to by the vendor as simply BIT (built-in-
test), but is very similar to other BITE functions that we have in other Orbiter systems. One
major difference is that the amount of realtime insight is very limited for this TACAN BITE.
There are four BITE modes:

1) PERIODIC, periodically (once every 30 seconds) monitors performance and detects faults
when in the search mode,

2) CONTINUQUS, continuous monitor of performance during all conditions (locked and
search) ,

3) INITIATED, performs end-to-end testing and requires operator intervention (this is the
hardware Self Test), and

4) POWER-UP, performs functional tests upon LRU power-up.
The functions which are monitored by the BITE in the various BITE modes are as follows:

CPU - Exercises representative subset of instructions.

RAM - Writes test values to each RAM address and reads them back.

ROM - Checksum ROM and CRC ROM verification.

TWO PORT RAM - Writes test values to each address and reads them back.

TWO PORT DATA - Verifies minimum required activity (new writes) occurs.

NOVRAM - Tests stored parameters for reasonableness.

AUDIO - Checks amplitude of ID signal generated by processor.

MDM WRAP-AROUND - Loops good command word followed by bad word thru MDM, and
verifies correct return.

POWER SUPPLY - Verifies presence of 5 volt monitor output.

RECEIVER - Checks gain of receiver and AGC circuits.

SYNTHESIZER - Checks monitor signal for frequency lock-up.

TRANSMIT POWER - Checks amplitude of transmit power monitor, which is proportional
to peak transmitted power.

The following table shows which BITE checks are performed for the different BITE modes.
Note that the PERIODIC BITE checks are performed every 30 seconds in the SEARCH mode
only, and the CONTINUOUS checks are always performed (during SEARCH, TRACK, PWR
UP, and during the H/W Self Test (INITIATED)).

Periodic Continuous Initiated Power Up
(Search Mode) | (Search/Track) | (H/W Self Test)
CPU X X X

1-31



SHUTTLE OPS ORIG: M.HAMILTON TACAN
GNC/JSC-18863 7/06/2005: FINAL SB1.0

RAM
ROM (Checksum) X X
ROM (CRC)
TWO PORT RAM
TWO PORT DATA X
NOVRAM
SYNTHESIZER
RECEIVER
POWER SUPPLY
XMIT POWER
AUDIO

MDM

X
X

x
x
XXX [ X

XXX [X
XXX [ X

X
XXX XXX [X

X | X

The INITIATED BITE checks are those which are performed during the manually initiated
hardware Self Test. It is important not to confuse the BITE function with the Self Test function.
Both of them use the same paths to check the hardware, but the results are completely
separate. The results of the Self Test are seen in the Range and Bearing data, and in the Test
Status Monitor (TSM), no different than the Gould Self Test monitoring. The Collins Self Test
is only different in that the actual checks which are performed during the Self Test are different
than in the Gould units, since the hardware is different. The TSM discrete toggles from a high
(true) state to a low (false) state within 100 ms of the Self Test being initiated. This discrete
returns back to the true (or high) state when the test is complete 4.2 seconds later, if all checks
pass. The TSMis valid only during and at the end of Self Test.

The BITE results are available in the BITE pass/fail discrete. This binary discrete is a 1 when
the BITE is present (failed condition), and is a O when the BITE is not present (nominal). The
status of this discrete is output in bit 20 of the MDM-to-GPC Range word and is monitored
prelaunch in the Launch Commit Criteria.

It is worth noting that it would be possible to pass the Self Test, and at the same time have a
BITE indication in the MCC. For example, if a Self Test is initiated in OPS 8 (via SPEC 40,
SENSOR TEST), and the test is passed (the 'BITE' in the status clears), and at the same time
the BITE is set (MCC TLM only, not visible to the crew), then the problem is one of two things.
Either there is a problem with the TWO PORT DATA that is currently not affecting the TACAN,
or the BITE indication is false. In other words, the TWO PORT DATA check is done as part of
the continuously monitored BITE, and so it is performed even during the initiated Self Test (see
table above). If there was a problem with the TWO PORT DATA, it would not cause Self Test
to fail (unless it adversely affected the TACAN performance, which it most likely would), but a
BITE indication (MCC TLM) would be expected. This example failure mode is no more
probable than any other, but rather it is used here to illustrate the separate function of the BITE
and the Self Test.

The vendor engineers have expressed that intermittent BITE indications are possible and are
somewhat expected, due to noise in the system. If the BITE persists, then they recommend
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performing a Self Test if possible (OPS 8 or OPS 9), and in any case, the actual LRU
performance should be monitored to determine if the LRU is actually failed.

1.9.2 Operational Notes

The operational concerns associated with the loss of an avionics bay fan during ascent are
eliminated with the implementation of the Collins TACANSs because these units do not require
forced air cooling. It is important for the operators (GNC and EECOM) to be aware of which
TACANS are being flown in the respective slots, in order to manage these concerns while flying
a mixed fleet. The ascent cue card procedure (AV BAY Fan Delta P) requires the crew switch
fans if no comm. This means that if we have comm, we will tell the crew if/when it's necessary
to switch fans during powered flight, dependent on whether the affected av bay has a new or
old TACAN init. If we have no comm, then the crew will switch fans. Switching fans is
required only if the affected av bay contains a Gould TACAN.

Some problems could arise in prelaunch if it becomes necessary to replace a failed Gould unit
with a Collins (or vice versa) while on the launch pad. This might not be possible, since it
requires changing the Orbiter TACAN shock mount. This is a difficult task to perform, and is
further complicated by the Orbiter being in the vertical position. As a note, it is easier to
change out TACAN 1 than either of the other two TACANS, because of the avionics bay
configurations.

The Collins TACAN shows a distinct data signature during periods of loss of lock, or any time it
is in the SEARCH mode. The Range data freezes at a predefined value of 0.0 nautical miles
when in the SEARCH mode, or within 3 seconds of losing a valid signal (loss of TRACK). The
Bearing data scans between 0° to 360°. This differs from the Gould TACAN, which gives
indications of noisy data for both parameters during periods of loss of lock.

The Gould units require 2 to 15 minutes warm-up time (15 minutes is required on some units
with older electronic components). The Collins TACANs have solid state components and
require only a few seconds (2 to 3 seconds) to warm-up. In the worst case, the Collins requires
30 seconds to reach thermal stability when powered ON if the temperature is between -40
degrees F and 80 degrees F.

1.9.3 Power Management

Each vehicle* has a set of three ac circuit breakers (cb's) for Gould TACANS, and a set of three
dc cb's for Collins TACANS. In this way, any vehicle will be able to accept either a Gould or a
Collins TACAN in any one of its three TACAN slots. The cb's that are not used for a particular
flight will remain open for the entire flight, and will be marked as such with special cb booties
which indicate to the crew that they are not to be closed.

1.9.4 Miscellaneous
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All of the other major items of interest are the same for the Collins TACANSs as for the Gould
units. The Orbiter interfaces (control head switches, antenna switches), the crew interfaces
(PASS and BFS SPEC 50, Horiz Sit Display, and SPEC 40, SENSOR TEST), the antenna
configuration, the TACAN SOP and RM, and the ground station function are all the same for
the two units. The Collins TACAN specifications (SPECS) are also the same as those for the
Gould units. (Reference SODB, Vol I, Systems Constraints, Sections 4.5.2.1.4.c, and
45.2.3.4.2)

1.9.5 Collins SPECs

Power Supply 28 V dc

Power Consumption 75 Watts (max)

Transmitter Power 800 Watts (min @ 70 +/-10 deg F)
Dimensions 4.12 x 6.78 x 12.0 (inches)
Weight 14 Ibs

Cooling Passive
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SECTION 2
MICROWAVE LANDING SYSTEM

2.1 GENERAL

Upon switchover from tactical air navigation (TACAN), the Shuttle microwave landing system (MLS)
provides the Orbiter with precise azimuth angle (lateral offset), elevation angle, and distance (slant range
(RNG)) information with respect to the runway during the final approach and landing phase through
rollout. MLS data is the primary navigation (NAV) sensor input for autoland and is also made available for
crew display for both manual control stick steering (CSS) and autoland.

Various MLS navaids have been built for aircraft using a variety of concepts. The MLS which the Shuttle
uses is the microwave scanning beam landing system (MSBLS). It is a derivative of a landing system
which is used extensively on aircraft carriers but tailored specifically with the accuracy, coverage, and
reliability required for the Space Shuttle’s steep, unpowered, automatic approach, landing, and rollout.
Unlike fixed-glideslope beam-rider systems such as the instrument landing system (ILS), the MSBLS
provides explicit and more accurate positional information throughout the entire volume of coverage and
can, therefore, accommodate precision curved approaches at various glideslope angles.

This system brief provides a general overview of the Shuttle MLS. More detailed information is presented
in the MSBLS handbook, manuals, and other flight operations documents and drawings.

Figure 2-1 illustrates the transmitted microwave beams and measurement geometry of the MSBLS. The
MSBLS consists of a ground station (MSBLS-GS) and an airborne navigation set (MSBLS-NS or
NAVSET). The NAVSET is composed of two line replacement units (LRU’s): the radio frequency (RF)
assembly and the decoder assembly. The MSBLS-GS is a split-site configuration, with azimuth
information and ranging replies transmitted from the azimuth and distance measurement equipment
(DME) transmitter beyond the stop end of the runway and elevation information transmitted from near
‘\
\ AZ/IDME
TRANSMITTER

" \
" S0
. TRANGE

ELEVATION N
TRANSMITTER

Figure 2-1. MSBLS beams and measurement geometry
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the touchdown point. All three parameters (azimuth, elevation, and range) are referenced to the MSBLS-
GS locations which are laterally offset from the runway centerline by 300 ft at Kennedy Space Center
(KSC) and 500 ft at Edwards and White Sands (Northrup Strip). These surveyed locations are stored in
memory onboard the Orbiter and used in the NAV computations in conjunction with the azimuth,
elevation, and range data received and decoded by the NAVSET to determine the Orbiter position with
respect to the runway.

The MSBLS has 10 frequency channels between 15.4 and 15.7 gigahertz (GHz); however, since there
are other users of this generic system, only channels 6 and 8 have been cleared for Orbiter landing
operations. Each Shuttle ground station is permanently assigned to either channel 6 or 8. For entry and
landing, the channel number for the designated runway is selected on the Orbiter with a set of
thumbwheels. The transition from TACAN to MLS typically occurs at about 20K ft altitude when certain
conditions are satisfied. These conditions and other information concerning performance monitoring are
discussed later.

2.2 MLS OPERATION

The major elements of the MSBLS, their level of redundancy, and the associated RF links are shown
schematically in figure 2-2.

CONTROL UNIT
AND INDICATORS

ANTENNA

(BEACH) ——————»

K
\oe & DISTANCE
INE MEASURING
& S d EQUIPMENT
£ ¥ 5 TRANSMITTER
& O N (3EACH)
(o\é & S\‘z‘ N DECODER-
¢ &S N RECEIVER
de va\o & @ (3EACH)
RFMONITOR
(3EACH)
ELEVATION STATION
(2EACH)
CONTROL CABLES @
RF MONITOR REMOTE CONTROL
(3EACH)
<—— AZIMUTH STATION

(2EACH)

\ DISTANCE MEASURING EQUIPMENT UNIT
(2EACH)

Figure 2-2. MSBLS major components and RF links
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All three information parameters (azimuth, elevation, and range) are transmitted sequentially (time
division multiplexed) from a given ground station on the same vertically polarized RF between 15.4 and
15.7 GHz. Figure 2-3 shows the transmission time allotted to each measurement within the 200 ms
information cycle. This cycle repeats at the rate of five information cycles per sec.

SYNCHRONIZATION GUARD
TRANSMISSION /

14.875 ms—»| |e— |
ELEVATION ' L)

|<7 85.96 »
| | )

AZIMUTH
44.29 _>| {
— | |e—14.875ms
DME | —
l-g—40 ms—>|
INFORMATION CYCLE
- 200 ms >

Figure 2-3. MSBLS timing and sequence format.

The angular information of azimuth and elevation is provided by two oscillating antennas on the ground
(fig. 2-4 and 2-5). The antennas produce fan-shaped radio beams which are pulse pair encoded with the
present antenna position. The azimuth beam contains the antenna’s azimuth angle from 0° azimuth at
the center of the scan. By varying the time between the pulse pairs (60 us corresponding to 0° and 2
us/deg delta from 0°), the angular distance from the centerline is described. Spacing between pulses
within the pair describes whether or not the azimuth angle information is in the fly-left portion of coverage
(10 us between pulses) or fly-right portion (14 us between pulses).

A |
||
I | IDENTITY SPACING
I —> [@—10ps
I 0.3 ——| el— 2DEG
| — I —t—-— 15DEG* )/
4 e—90 s —»
EE\F(T\ DATA SPACING /r
Antenna Scan
FLY LEFT Direction
RUNWAY
CENTERLINE kFLY RIGHT
EXTENSION ———t———
RIGHT \ 14ps
23 DEG je— 60 ps —»f
VERTICAL
COVERAGE — = 15DEG
30 DEG* 90 ps —»|
TRANSMISSION he—90p
SECTOR
4—/ * Specified Accuracy coverage: +/- 13.5 deg in Azimuth

Figure 2-4. Azimuth coverage and pulse coding.
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The elevation beam produces similar encoded information describing the angle from the horizon. The
identity spacing between pulses in a pair for elevation is 12 ps. Once again, 60 ps between pairs
represents 0° elevation plus 2 ps/deg from 0°.

IDENTITY SPACING

1.25 DEG
— I--4—12 us

0.3us—» lel— 30 DEG*
— A = —
e} '

_W_W_I I_W_‘A/_ Direction

SPACING

}e— 66 ps —»|
X 30DEG* 50 DEG ch a 3DEG
TRANSMISSION  AZIMUTH ‘/A 0DEG
SECTOR COVERAGE
At —

/ fe—60 ps —»|

* Specified Accuracy coverage: +1.3to +29 deg in Elevation

Figure 2-5. Elevation coverage and pulse coding.

The azimuth and elevation antennas are electronically synchronized so that only one antenna is radiating
at any particular time. The azimuth and elevation antennas are oscillated in a sinusoidal fashion by
means of torsional pendulum arrangements. The azimuth antenna oscillates +44° about the O° azimuth
centerline (parallel to the runway), but only transmits +15° about the centerline (the most linear section of
the antenna cycle) as shown in figure 2-6. The elevation antenna oscillates +24° about a 15° elevation
rest angle, but transmits only within the sector from 0° to 30° of elevation (above the local horizontal).
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As the two directional antennas alternately scan through the approach volume, the antennas on the
approaching Orbiter vehicle intercept these ground-originated signals only when the spacecraft is within
the beam of the ground station antennas. This is illustrated in figure 2-7. The detection circuits within the
NAVSET accept only those pulse pairs for measurement that are above a threshold amplitude level of
about 4.6 dB below the peak of the beam. The NAVSET decodes the intercepted signals and averages
the pulse-pair spacings to obtain the elevation angle of the Orbiter. A similar function is performed for the
azimuth angle.

SHUTTLE ELEVATION IS
AVERAGE OF INTERCEPTED
ANGLE VALUES

CODE SPACING CHANGES
DURING SCAN

IDENTITY PAIRSALL
ALIKE DURING SCAN

Figure 2-7.- Pulse-position coding of evelation beam.

Range information is transmitted between the elevation and azimuth transmissions (fig. 2-6). Three
things happen during the ranging (DME) portion of the cycle. First, the ground station transmits a series
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of 14 solicit pulse pairs using the azimuth transmitter. These 14 pulse pairs, as shown in figure 2-8, have
an intrapair identity coding of 8 pus and an interpair spacing of 160 ps. Secondly (fig. 2-8), the NAVSET
interrogates the ground station and listens for replies. The intrapair spacing for this interrogation varies
from 11 ps for channel 1 operation to 29 ps for channel 10 operation. Table 2-1 lists the channels and the
corresponding identity spacing as well as the uplink frequencies. The interpair spacing is randomly
jittered in time by +500 ps to prevent confusion with other DME interrogations. After receiving each
interrogation, the ground station waits 80 ps (corresponding to 0 nautical miles) and then transmits a
reply. The airborne decoder unit measures the delay between interrogation and reply, and converts the
measurement into units of distance to the ground station. Unlike the azimuth and elevation antennas, the
DME antenna does not scan, but radiates over the entire coverage volume.

a. Solicit interval - Ground set initiates DME period

e  Ground transmission*
—{ sus |t—
I I_I I ) I_I » 14 pulse pairs

(

(Approximately 2.3 ms)
l€«—— 16005 —

b. Air set interrogates - Ground set repliesSolicit interval - Ground set initiates DME period

® Ajrtransmission

<@— 16701 s randomly jittered
—»| - .- +/- 5001 S

| |_ \ I_I 16 pulse pairs
I ( » (Approximately 26.7 ms)

* * |ntrapair spacing varies
with channel selection

®  Ground Reply*

-f—— Spacing depends
upon distance
(80p s= “0" range)

a |
—> 8us|<_

*The azimuth transmitter is used for DME transmission.

P~

Figure 2-8.- DME functions and coding.
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TABLE 2-I. - DME INTERROGATION IDENTITY SPACINGS AND
CORRESPONDING UPLINK FREQUENCIES.

Channel Identity spacing (us) Frequency (GHz)
1 11 15.412
2 13 15.436
3 15 15.484
4 17 15.508
5 19 15.532
6 21 15.568
7 23 15.592
8 25 15.616
9 27 15.664
10 29 15.688

2.3 MLS PERFORMANCE

The MSBLS accuracy and coverage capabilities are summarized in table 2-1l. Most of the information is
self-explanatory; however, some further explanation is warranted for certain items.

Coverage (fig. 2-9) is actually provided beyond 13.5° azimuth and 29° elevation and below 1.3° elevation,
but accuracy is degraded. At the track level, the azimuth fan beam is about 3° thick and the elevation fan
beam is about 1.5° thick. The ground transmissions stop when the peak of the azimuth beam is at 15°
and the peak of the elevation beam is at 0° and 30°. Truncated beam envelopes, therefore, are received
between 13.5° and 16.5° azimuth, between 29° and 31° elevation, and between 0.75° and 0° elevation.
Since the NAVSET determines angle by averaging all received pulse intervals above the track level, the
angle data beyond 13.5° azimuth and 29° elevation are biased low, and the elevation data below 0.75 are
biased high. In addition, elevation data below 1.3° are corrupted by multipath reflections as the bottom of
the beam strikes the ground.

The 23° elevation angle limit on the azimuth beam coverage and the 25° azimuth angle limit on the
elevation beam coverage are practical limits for normal Orbiter flight. The beams actually exist beyond
those limits but their strength diminishes so rapidly beyond those angles that the NAVSET normally
cannot track the signal. As the Orbiter flies past the elevation ground station, the elevation data will
normally cease at about 25° azimuth from the elevation station.

The azimuth data angle at this point is about 1.3° or 2° depending on whether the ground station offset
distance from the runway centerline is 300 or 500 ft.
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TABLE 2-1l.- MSBLS COVERAGE AND ACCURACY
Coverage (for specified accuracy):
Azimuth/DME guidance... + 13.5° azimuth, 0 -23° elevation
Elevation guidance..... + 25° azimuth, 1.3 -29° elevation
AZ/EL/DME range........ Determined by signal strength;
NAVSET DME register limited to approx. 20 n. mi.
Specified accuracy (at -60 dBm signal level into NAVSET)

Azimuth and elevation -
Less than 12K ft above ground level and at

azimuth angles <10° L + 0.015° boresight bias ()
+ 0.035° 10 noise
+0.05°u+o0

Greater than 12K ft above ground level ... +0.1°p+o0

At azimuth angles > 10°:

+/- 0.1°

AZ/EL error +- 0.0
U+ o 100 1350

Azimuth angle ——p»

Elevation error below elevation angle of 1.3° -
Instantaneous elevation errors typically lie within the following envelope:

05—
EL B _
error 0 e g Elevation
H+o _l rrrrrrrr 1T TP 1T 17 171 angle
(deg) [ \ﬁ 2 (deg)
-05L—

DME ... + 100 ft (4 + 0)
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|
R250

Figure 2-9.- MSBLS coverage volume.

The maximum range capability of the MSBLS is determined by signal strength which is a function of the
various RF link parameters including transmitter powers, antenna gains, Orbiter heading with respect to
the ground station, receiver sensitivity, and atmospheric attenuation. For a straight-in approach within the
MSBLS coverage volume limited only by signal strength, azimuth and elevation acquisition could occur at
ranges of up to 180 n. mi. The DME range is limited by a NAVSET digital counter to 19.9 n. mi. (This
varies slightly from unit to unit.) As is discussed later, however, the MLS data are not incorporated into
the NAV computations until certain conditions are satisfied, one of which is that the DME range be not
greater than 15 n. mi. (altitude less than 35K ft). Water particles (especially rain) anywhere along the RF
path between the ground station and the Orbiter will attenuate the signal and decrease the range
capability of the MSBLS. Figure 2-10 shows the predicted effect on link margin of various uniform rain
rates over the RF path length for a typical Orbiter approach and landing as a function of time before
touchdown. A negative margin means insufficient signal and no MSBLS data at that time (i.e., delayed
acquisition).

Since the MSBLS-GS alignment is allowed to be in error by 0.015° and there is normally some alignment
difference between the primary and backup scanners, a small step change in the received angle data
normally occurs if a ground station failure causes a switchover from one scanner to the other. In order to
achieve the greatest possible accuracy as the Orbiter gets close to the runway, the ground station
alignment accuracy is allowed to degrade somewhat at the lateral and upper extremities of the coverage
volume (i.e., outside 10° azimuth and above 12K ft altitude). Refraction is the principal contributor to the
elevation error at higher altitudes and long range, while ground station antenna deformation is the main
contributor to azimuth errors at high elevation and azimuth angles. At low grazing angles, reflection of the
beams impinging on the ground cause multipath errors in the elevation data and occasionally invalid
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azimuth and range data, although this is minimized by screen fences in front of the azimuth/DME ground
station.

Excessive azimuth (lateral) errors, which were experienced on early Shuttle flights due to cross-polarized
emissions from the ground stations, are to be eliminated by a ground station antenna modification for
operational flights.

Altitude, K ft
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Figure 2-10.- DME link margin at rainfall rates of 0 to 50 mm/hr uniformly
distributed over the RF path.
2.4 MLS GROUND STATION
The MSBLS-GS hardware configuration is illustrated in figures 2-11, 2-12, and 2-13. Functional block

diagrams of the MSBLS-GS hardware are shown in figures 2-14 and 2-15. Table 2-1ll shows the landing
sites and runways at which MSBLS-GS'’s are installed and their assigned channels.

2.4.1 MSBLS-GS Hardware

The MSBLS-GS consists of two equipment shelters, two external monitor poles, and a remote control
unit. One shelter contains the azimuth and DME assemblies; the other contains the elevation assemblies.
Each shelter contains dually redundant sets of equipment, one set forming a primary string, the other a
backup string. The external monitor poles house triply redundant field sets. One set monitors
azimuth/DME performance, and the other set monitors elevation equipment performance. The remote
control unit allows the operator to concurrently monitor the operation of the primary and backup strings,
and to intervene and override the automatic controls as necessary.

2-11



SHUTTLE OPS ORIG: D.WEILER MICROWAVE LANDING SYSTEM (MLS)
GNC/JSC-18863 7/06/2005:FINAL SB 2.0

Each ground station string is powered by batteries in a separate uninterruptible power supply (UPS) which
keeps the batteries continuously charged from the ac input power. If ac input power is lost, the ground
station will continue to function from the batteries for at least 15 min. Backup ac input power is also
available at all installations. At lakebed installations, primary and standby motor generators are used.

Each ground station is aligned and electrically boresighted with respect to the runway to within 0.015° in
azimuth and elevation, and periodically verified by ground tests and flight inspections using an MSBLS
test NAVSET.

DME/
Azimuth

T

Elevation
Field
Monitor

Elevation DME/
Site Azimuth .
A Field
Monitor .

( 5 Remote Control

Figure 2-11.- MSBLS-GS installation.
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Figure 2-12.- MSBLS-GS AZ/DME shelter and equipment.
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Figure 2-14.- Functional configuration of equipment housed at the MSBLS-GS AZ/DME shelter (only
primary string equipment is shown for simplicity).
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Figure 2-15.- Functional configuration of equipment housed at the MSBLS-GS elevation shelter (only
primary string equipment is shown for simplicity).
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TABLE 2-lIl. - LAND SITE DATA CHART
ETR low inclination

Area Location RWY TACAN MLS Length

(ft)

(PRI) (SEC)

1 KSC KSC 15 TTS 59Y COF 97 8 15,000
KSC 33 TTS 59Y COF 97 6 15,000
2 Dakar YOF 01 YOF 68 YF 78(DME) 8 11,500
Amilcar CBRL AML 02 YOF 68 YF 78(DME) 10,700
3 Moron MRN 21 MRN 100 AOG 23 11,840
MRN 03 MRN 100 AOG 23 11,840
4 Las Palmas GDV 03 GDV 76(DME) 10,200
Kinshasa KIN 25 KW 70(DME) 15,500
5 Darwin DDN 29 DN 84 11,040
DDN 11 DN 84 11,040
6 Edwards EDW 22 EDW 111 PMD 92 8 15,000
EDW 17 EDW 111 PMD 92 6 15,000
7 Honolulu HNL 08 HNL 100 CKH 86 12,000
HNL 26 HNL 100 CKH 86 12,000
8 Northrup NOR 17 SNG-121 HMN 92 8 15,000
NOR 23 SNG-121 HMN 92 15,000
9 Edwards EDW 23 EDW 111 PMD 92 14,880
EDW 15 EDW 111 PMD 92 15,000
10 Edwards EDW 04 EDW 111 15,000
Northrup NOR 05 SNG-121 15,000
11 Diego Garcia JDG 31 NKW 57 12,040
JDG 13 NKW 57 12,040
12 Riyadn RIY 01 RIY 92 EKI 80 10,750
RIY 30 RIY 92 EKI 80 11,780
13 Guam GUA 06 UAM 54 GUM 58 11,220
GUA 24 UAM 54 GUM 58 11,220
14 Souda SUD 29 SuUD 28 SUD 49 11,810
SuUD 11 SuUD 28 SUD 49 11,810
15 Hao HAO 12 HA 80 11,090
Hoedspruit HDS 18 HS 73 13,120
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2.4.2 MSBLS-GS Switchover Logic

Operation of the MSBLS-GS is automatically monitored by alarm circuitry. Each of the two transmitter
groups, primary and backup for azimuth/DME and primary and backup for elevation, contains circuitry
which observes internal signals and monitors their status in addition to the external field monitor sets
which monitor transmissions. Table 2-1V lists the alarms and the out of tolerance conditions associated
with them. Of particular interest is the field monitor alarm which protects against azimuth and elevation
biases greater than +0.125 deg and DME biases greater than +246 ft.

Occurrence of any alarm on the primary string will cause an automatic switchover to the backup string. A
subsequent alarm on the backup string will automatically inhibit all transmission from the ground station.
The operator has the capability to bypass an alarm (other than an overscan alarm) and enable
transmission on the primary or backup string. All out of tolerance conditions are continuously displayed to
the operator on the remote control unit.

Switchover will normally cause small step changes in received angle data and momentary NAVSET
flagging because the primary and backup scanners run asynchronously.

2.4.3 MSBLS-JR

The MSBLS-JR ground station is a low cost MLS ground station planned for use at several Shuttle
landing sites. The MSBLS-JR hardware configuration is illustrated in figure 2-16. The MSBLS-JR

consists of a collocated azimuth/elevation/DME shelter located near the runway threshold. The MSBLS-
JR does not provide coverage during rollout.

2.4.4 MCC MLS Ground Station Status Reports

The landing site officer (LSO) will be immediately notified in the event of an MLS ground station failure,
and he will then report the failure to the flight dynamics officer (FDO) who will alert all Mission Control
Center (MCC) operators.
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TABLE 2-IV. - TRANSMITTER GROUP ALARM CRITERIA
Alarms Criteria Shelter group

Overscan The elevation (azimuth/DME) antenna scanner Azimuth/DME
exceeds 28° (48°) travel. Elevation

Field monitor Two or more field monitors indicate that the angle Azimuth/DME
signal monitored deviates from the nominal angle by Elevation
greater than £0.125° or DME transmission deviates by
greater than £246 ft.

Transmitter Four or more detected RF pulses are absent during a | Azimuth/DME
sector gate. Elevation

Identity Spacing between identity and data pulse pair is not Azimuth/DME
within +%4 us to -¥% ps tolerance or transmitter power
is less than 1.6 kW.

Identity Identity pulse and data pulse spacing error is greater | Elevation
than +% s to -% ps, three or more times during a
sector gate, or transmitter power is less than 1.6 kW,
or transmitter frequency is out of tolerance.
Selected angle trigger pulses are spaced in error by

Coding more than +%4°. Azimuth/DME

Elevation

The number of angle data pulses from the angle data

Data pickoff in any one scan is in error by more than +1 Azimuth/DME
pulse. Elevation
An overlap exists between the azimuth, elevation, and

Sync DME sector gates. Azimuth/DME
Five or more indications of a switch failure during a

Switch DME or azimuth sector gate or transmitter power is Azimuth/DME
less than 1.6 kW.
(1) Batteries are drained to below 10% of capacity, or

UPS* (2) UPS has reverse transferred directly to the ac Azimuth/DME
input lines, or (3) the ac input lines to the UPS have Elevation
failed.
Temperature inside the shelter exceeds the range of

Temperature* +15° F around 75° F (60° F to 90° F) Azimuth/DME

Elevation

UPS and temperature alarm conditions do not cause switchover from primary to backup operation.
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Figure 2-16.- MSBLS-JR installation.

2.5 ORBITER MLS-RELATED HARDWARE
The Orbiter MLS-related hardware and interfaces are illustrated in figure 2-17.

Vertically polarized uplink and downlink MLS RF signals are coupled simul- taneously to each of the three
redundant NAVSETS through three dedicated forward-looking antennas and separate flexible waveguide
runs, shown in figure 2-18. Separate antennas and waveguide runs permit each NAVSET to operate
independently. A typical antenna pattern is shown in figure 2-19.

The MSBLS NAVSET RF and decoder LRU assemblies (fig. 2-20) are triply- redundant units which are
shock-mounted in Orbiter forward avionics bays 1 and 2 (fig. 2-21). A simplified block diagram of the
NAVSET is shown in figure 2-22. A more detailed block diagram is contained in Space Shuttle Systems
Handbook (SSSHB) drawing 9.4. Table 2-V summarizes the hardware characteristics of the MSBLS.
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The NAVSET RF and decoder assemblies are discussed in sections 2.5.1 and 2.5.2. Crew controls and
displays are discussed in section 2.5.3.

2.5.1 RF Assembly

The RF assembly has two basic functions, a receiver input coupler and a transmitter. All input signals are
coupled through a circulator to the decoder assembly, which contains the receiver. When the RF
assembly receives six tracked DME solicit pulses from the ground stations, the decoder triggers the fixed-
tuned magnetron via the modulator in the RF assembly to transmit DME interrogation pulses back to the
ground transponder. Orbiter thumbwheel channel selection establishes the interpair identity spacing
relationship as mentioned previously. The ground station recognizes this identity coding and will respond
only when the channels are the same.

2.5.2 Decoder Assembly

Signal reception, down-conversion, demodulation, and decoding are accomplished in the decoder
assembly. The airborne NAVSET is capable of receiving over the range of frequencies from 15.412 to
15.688 GHz. Received signals outside this range are attenuated by an RF filter. Within-band signals are
passed through a mixer, whose local oscillator’s frequency depends on the channel selected, and are
translated to an intermediate frequency (IF) centered at 460 + 0.5 megahertz (MHz).
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Figure 2-17.- Orbiter MLS-related hardware and interfaces (single string).
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Figure 2-18.- MLS antenna location on Orbiter.
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Figure 2-22.- MLS NAVSET simplified block diagram.
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TABLE 2-V. - NOMINAL CHARACTERISTICS OF THE MSBLS-NS

Frequency 15.412 to 15.688 GHz (10 channels), uplink
15.460 GHz, DME downlink
Receiver
Sensitivity Angle, -74 dBm
DME, -77 dBm
Noise figure 12 dB
IF bandwidth 15 MHz

Transmitter (DME)
power output

2 kW peak minimum

Accuracy*

Resolution**

Angle: £0.01°, 1s
Range: +50 ft, 1s (.0082 n. mi.)

Angle: <1/128° (.0078°)
Range: 225 ft (.004 n. mi.)

Data code

Manchester Il biphase level

Mean time
between failures
(MTBF)

2000 hr (specified)

Input voltage 28 Vdc
Power consumption
Specification 100 watts
Actual 80 watts
Warmup time
Specification 3 min
Actual 100 sec
Size/weight
RF assembly 10.31x3.56 x7.0in/6 Ib

Decoder assembly

Cooling

Convection

15.64 x5x8.25in/17.5 Ib

* Attributable to NAVSET alone.
** Resolution is defined as the minimum change in receiving antenna position that can be detected
by the NAVSET. This is not the same as the weight of the least significant bit in the NAVSET

output data word because of the NAVSET averaging process.
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Linear video pulses from the IF amplifier are processed by complex logic circuitry to accomplish the
following:

a. Establish/maintain proper signal and tracking levels

b. Reject interference

c. Identify beam presence (main lobe)

d. Identify data type (azimuth fly left/right, elevation, distance)
e. Determine data values

f. Identify invalid signals or conditions

This video and data processing involves measurement of pulse amplitudes, timing, counts, and
generation of feedback signals and flags.

2.5.2.1 Video and Data Processing

During an azimuth or elevation beam scan, the received signal amplitude varies as the beam passes
across the Orbiter MLS antenna. The video pulses from the receiver are monitored for a minimum pulse
width of 0.0625 ps and are quantized in width to 0.25 ps and in amplitude to one of three logic levels
based on pulse amplitude: 1-volt low level video (LLV), 2-volt track level video (TLV), and 3.4-volt high
level video (HLV).

The LLV pulses are used to identify the information channel as left/right azimuth, elevation, or range
based on the intrapair identity code spacing.

When three consecutive pairs of one type of video pulses are received, a beam gate is generated which
addresses the corresponding multiplexer/demultiplexer (MDM) interface memory to receive the computed
data.

The angle and range data are computed from measurements of the time duration between TLV pulse
pairs. These measurements are averaged for each channel and placed in the designated output buffer
as data words.

Automatic gain control (AGC) of the IF amplifier, based on the number of HLV pulses, is employed to
establish and maintain a video signal amplitude of 3.4 volts at beam peak for accurate signal processing
and decoding. Variation of the signal level from scan to scan results in a variation of the number of HLV
pulses during a beam passage. If eight or more video pulse pairs exceed the 3.4-volt HLV threshold, the
AGC voltage increases to desensitize the IF amplifier at a 0.8 dB/scan rate (nominal); if less than eight
HLV pulses have been received, the AGC sensitizes the IF amplifier at 0.4 dB/scan (nominal). Each
information channel (azimuth, elevation, and distance) has its own AGC memory to immediately
reestablish the sensitivity level for that parameter from scan to scan. Between beam passages, the
sensitivity is increased by 20 dB; however, if an interfering pulse is received, squitter AGC causes the
receiver to desensitize again until the next beam is received.

Figure 2-23 is a logic flow chart of the acquisition, search, and track mode criteria. Signal sequences are

shown in figure 2-24 to depict events which occur during acquisition, search, and track modes for a typical
azimuth beam scan. During acquisition, the high-gain AGC setting causes received pulses to reach the

2-26



SHUTTLE OPS ORIG: D.WEILER MICROWAVE LANDING SYSTEM (MLS)
GNC/JSC-18863 7/06/2005:FINAL SB 2.0

saturation level. Some of these may be noise pulses. As a ground station beam approaches the
NAVSET antenna, three consecutive pulse pairs with the same identity spacing will be decoded. The
corresponding AGC and beam gate will be enabled; this reduces the signal amplitude to a level that is
considerably below saturation (below threshold for some pulses). The AGC memory contains information
from the previous scan so that the gain to which it sets the IF amplifier, on the current scan, is near the
level desired for proper beam tracking (0.2 to 10 dB below the beam peak). In the example illustrated,
the signal strength was not sufficient to overcome the AGC action during the initial period of pulse
reception. In this case, the NAVSET returns to maximum gain to decode intercepted RF pulses again.
The AGC and beam gate stay enabled for only 512 ps unless a low level video pair is detected within this
time. The process of decoding the three consecutive pairs, enabling the AGC memory, and looking for
low level video is reiterated until low level video overcomes the AGC action. This low level video, coupled
with the fact that the AGC memory is on, is indicative of the fact that the main part of the sweeping beam
is approaching the Orbiter antenna position. When track level video is received, the NAVSET acquisition
and search operation is completed; the NAVSET then enters the track mode. The nominal track levels
are -4.6 dB for azimuth and elevation, and -10.6 dB for DME.

2.5.2.2 Flag Generation

Validity checks are made continuously on all information channels being processed.

For azimuth and elevation, if less than 8 or more than 127 pulse pairs are received for elevation or
azimuth angle data, or they have been static for the last 380 ms, or 2 consecutive identical type beams
(azimuth or elevation) are received, the corresponding azimuth or elevation validity flag will be set. Once
declared, valid data must again be received for eight consecutive beams before it can be cleared.

For DME, a range validity flag is generated when valid data has not been received for 0.2 sec or there are

less than 8 replies to the 16 interrogations. The flag will be cleared as soon as a single beam of valid
range data is received.
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Figure 2-23.- Logic flow of acquisition, search, and track mode criteria.
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Figure 2-24.- Signal sequences during acquisition, search, and track modes for an azimuth beam pass.

2.5.2.3 MDM Interface

Data transfer between MLS 1, 2, and 3 and the data processing system (DPS) is via flight-critical forward
MDM’s FF1, FF2, and FF3, respectively. Raw MLS data are also downlinked to the ground on pulse code
modulation (PCM) telemetry via operational instrumentation (Ol) MDM’s at 1 sample/sec. For azimuth,
elevation, and range data to be transmitted from a NAVSET to an MDM, proper reception of message
and word discretes from the MDM are required. Message and word discretes and serial data are
differential signals with timing as shown in figure 2-25.

When the request for data from the MDM is detected, the interface replies with the most recent data
available. The data word is processed and loaded serially into the MDM interface. Each information
channel is processed as a separate data word. Figure 2-26 illustrates the contents of each data word
which is transmitted to the MDM at a 1-megabit rate.
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Figure 2-25.- MDM data request discretes.
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Figure 2-25.- Serial word format for each information channel

2.5.2.4 Built-in test equipment

NAVSET built-in test equipment (BITE) circuitry provides a method to check for failures throughout the
functional path of the system continuously during normal operation and during a specially commanded
self-test routine. Transmitting, receiving, tracking, and processing functions are checked by the BITE.
The self-test can be initiated on the ground or in-flight by the crew. Simulated azimuth, elevation, range-
solicit, and reply signals are generated within the NAVSET to provide a total end-to-end check. A total of
32 beam passages are generated, including a data pulse for all three information channels. The first 16
passages provide a test for the fly-left decoding while the last 16 passages are used to test the fly-right
circuitry. Table 2-VI describes the predetermined hardware state generated when self-test is initiated.
Since flags and AGC voltages must be allowed to reach the final state, monitoring of the output words is
not performed during the first two sec. After the first 3.2 sec, if less than 12 of the required 16
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interrogation pulses and their replies are tracked by the decoder assembly, replies to subsequent
interrogations will be inhibited, causing a flag condition (data invalid). In addition to MDM monitoring of
the serial data output, AGC voltage is monitored during on-orbit self-test, and mixer crystal currents are
monitored continuously (during both on-orbit self-test and normal operation) by circuitry internal to the
decoder assembly. A failure of either will result in an improper indication in the sign bit for elevation and
range (-). Detection of a parity error in the channel selection lines at any time will result in the generation
of parity errors in the serial data output words.

TABLE 2-VI. - CONDITIONS ESTABLISHED BY THE NAVSET BITE

Information Intrapair Interpair Serial Bit status
channel timing timing output output
(function) (us) (us) data interval
(sec)
Elevation 12 72 6.0+0.1° 2t06.4
DME (solicit) 8 155.75 None 2106.4
DME (reply) 8 155.75 15.2+£0.2 n. mi.* 2t06.4
Azimuth 10 66 +3.0+£0.1° 2t03.2
(fly left)
Azimuth 14 66 -3.0+0.1° 3.2t06.4
(fly right)

* Interrogation-to-reply interval = 267.625 us

2.5.3 Crew Controls and Displays

2.5.3.1 Power Control

The MLS receives power from main buses A, B, and C via the circuit breakers (cb) on panels 014, 015,
and 016 (fig. 2-27). When the cb’s are activated, power is applied to the MLS power ON/OFF toggle
switches on panel 08. When the toggle is in the ON state, the MLS will receive dc power (+28 V dc) and
a power on discrete (POD) is sent to the MDM.
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Figure 2-27.- MLS power control.

2.5.3.2 Channel Select
The CHANNEL select switches are located on panel 08 (fig. 2-28). A separate CHANNEL select switch is

dedicated to each MLS. The CHANNEL select switch is a 10-position thumbwheel switch (0-9) that
allows the crew to select the MLS channel for the ground station located at the selected runway.
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CHANNEL
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FLIGHT STATION

Figure 2-28.- MLS channel select.

2.5.3.3 Horizontal Situation Indicator Select

The horizontal situation indicator (HSI) SELECT switches, which are located on panels F6 and F8 under
each HSI (fig. 2-29), control the data input to the HSI's. The MODE switch provides a signal to the GPC’s
which select data for display for the entry, terminal area energy management (TAEM), or approach phase
of flight. When the SOURCE switch is set to MLS, the HSI will display area NAV data calculated using
raw MLS data (as opposed to TACAN) from one of the three MLS NAVSETS, as selected on the adjacent
toggle switch. When the SOURCE switch is set to NAV, the HSI will display data from the NAV filter.
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Figure 2-29.- HSI and controls.
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2.5.3.4 Horizontal Situation Indicator

Raw MLS data or MLS derived information from area NAV or NAYV filter are presented to the crew by two
dedicated display instruments, the HSI's (depending on the position of the source switch) shown below in
figure 2-30.
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[ PRIMARY BEARING
RECIPROCAL

GLIDE SLOPE FLAG

Figure 2-30.- HSI

The course deviation indicator (CDI) is displaced from the center of the HSI by MLS azimuth data.
Displacement towards the dots on the right tell the crewman to fly toward the right. Corrections are
always made by flying in the direction of displacement.

Elevation data drives the glide slope deviation indicator. Elevation angle is represented by a pointer and
accompanied by a scale. When the Orbiter is below the desired flight path angle, the pointer indicates
this by moving to a position above the HSI centerline. In this manner, the pointer is a fly-to indicator.

Range information is displayed in the upper right and left corners. This range is the distance to the
primary and secondary waypoints.

HSI flag functions are summarized in table 2-VII for the entry phase.
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TABLE 2-VII. - HSI - FLAG FUNCTIONS (ENTRY PHASE)

Indication Cause Effects
I:I:I] * HSl voltage low BRG pointers, compass card, range & course
indicators frozen.
If voltage less than 17 V, range flags may
appear.
TACAN
( — ) . ;
I:I:I] IF N * TACAN channel not in software Bearing pointers and CDI frozen,
A (site lookup) GSl out of view
v
N~
MLS
TACAN
IF F —= N g invali
N = TACAN range or bearing invalid
I:I:I] A (Commfault/lock-on)
v ~
MLS Bearing ;pointers frozen, GSI out of view,
CDI may be in error.
BRG GS IE: TACAN
N = MLS range or bearing invalid
A @ (Commfault/lock-on)
V=Y
MLS
TACAN
IF (—
N " BARO altitude invalid (air data RM) GSI out of view, constants or NAV altitude
C used in bearing and range calculations.
~
! TACAN . : <
IE: = ®  MLS elevation invalid GSl out of view, one of two elevation constants
N (Commfault/lock-on) used in bearing and range calculations:
A prior tofinal flare- 0.33281 MM;
V] after final flare- 0 MM.
~~
MLS
BRG ® HSl internal failure; SERVO AMP feedback miscompare Compass card and course pointer frozen (bearing
pointers continue to drive but may bein error).

2.5.3.5 Head Up Display

Guidance information is presented to the crew on two head up displays (HUD’s) as shown in figure 2-31.
Images of flight critical information in various formats from a cathode ray tube (CRT) within the HUD are
projected into the commander’s and pilot’s line of sight, allowing the crew to see the displayed information
while looking out the window. Display format 1 (approach and landing) is shown in figure 2-32. Display
format 2 (autoland monitor) is shown in figure 2-33. Event cues and crew alerts are displayed (flashing)
in the upper right windows of the HUD displays. Cue/alert messages include (in order of priority):

Cue/alert message Meaning of message
CSS CSSin all axes
MLS NV NAV not processing MLS data
B/F Body flap (B/F) not at trail position
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At an altitude of 12,000 ft (I-LOAD) and below, NAV is continuously checked for refreshed MLS data. If
MLS data are lost for more than 6 sec after having once been acquired, the MLS NV alert message will
be displayed.

Messages on the situation line are left-justified and nonflashing. For the above cue/alert messages, the
following rules apply:

a. Flashing message displayed in upper right window until condition ceases or 5 sec elapse.

b. If message persists for 5 sec, it is blanked in the upper right window and placed on the situation line
where it is retained until the situation ceases.

c. If athird message is set while both halves of the upper right window are occupied, the lower priority
message will wait until a space is vacant.

d. These messages are blanked at touchdown.

UD PILOT DISPLAY UNITS (PDU)
HUD CONTROLS

VA /A 4 VA /A4

/ \ HUD ] RIM ] RI M HUD / N
POWER RHC/PNL  PANEL RHC/PNL  PANEL ~ POWER
S -ﬁ@ (@) @ (e~
OFF INHIBIT OFF INHIBIT OFF OFF
— — == .
L L @( & CEgp>))
@) QMODE @&
e (DY, o~ . : heee (DY, om
It ) L
[©; @] Q o
DT & & & NIGH TA NIGHT
® O e ® O e
{ N\
\ 2
[ ] o e
PANEL F6 PANEL F8

Figure 2-31.- Head up displays.
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Note: This figure is not a valid
flight configuration
Runway
Boresight
Shallow
aimpoint
Upper right
\ o window
Gear + — 17 Digital
annunciation >0 B_N 1 _ WESE_V' altgi]tude
/ Gl
. - - Radar
Guidance / Lol . altitude
Digital 260 - .
airspeed » 263 400 15, 16 £ Glideslope
] —_ —2 | ] indicator
Airspeed - 105 - Altitude
tape tape
270 15K )
Normal Velocity
Acceleration _ _ vector
L e
Steep > d
aimpoint v
0Gs gy I—|—l—l—?|
reference Attitude reference
Guidance mode g —_-————_———_———=
descriptor o _—————— Speedbrake
Situation
line

Note: This figure is not a valid

Figure 2-32.- HUD display format 1 (approach and landing).

flight configuration
Runway
Shallow .
aimpoint x&zeorv‘:fht
Upper Left > o - == gy DK
Window ' GR-DN I [ 1
) |- - Extended
Velocity vector -_—— Runway
Monitor Box - - Centerline
—R
Airspeed |_: 160 4 4 Radar
tape I—- - altitude
I\Alll(r)iﬁti‘:d <°> Glideslope
Box 0 3 Monitorr
Guidance
Steep
aimpoint I—|—|—V|—?|
Speedbrake
scale
- eem mm Em o Em Em Em Em Em
- e Em e e o o o
Situation line

Figure 2-33.- HUD display format 2 (autoland monitor).
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2.5.3.6 CRT Display

The MLS data are displayed on two CRT displays in the forward crew station (fig. 2-34). A description of
the display formats and information presented is contained in section 2.6.

2
2
®

=
=9

FORWARD CREW STATI

SPE

» o
~ - - > %é
H
I II I.a .. ..I I.ﬂ ..:n§
o ro Eg
ju
E . . . .o .»

_®

E =
— D= [eNo}
5 =} ol = ||1RS]||I22
3 m m |3 =3
o S = i Q

SUMH | CLEAR

[ ©

Figure 2-34.- CRT display and keyboard.

2.6 ORBITER MLS SOFTWARE

The three MLS units provide azimuth, elevation, and range data referenced to the antennas located near
the runway for NAV updates and crew display. The MLS is operational in the primary avionics software
system (PASS) during the operational sequence (OPS) 3 TAEM and approach and landing phases of the
flight, and in OPS 6 in the case of return to launch site (RTLS) abort. It is also tested in the on-orbit self-
test (GNC OPS 8) prior to deorbit. MLS data are not processed by the backup flight software (BFS). The
MLS software begins processing upon transition to major mode (MM) 305 from MM 304 and MM 603
from MM 602. All processing stops upon transition to OPS 9 (postlanding).

MLS units can be selected as candidates for operational software processing only in OPS 8 by crew
action (see sec. 2.6.4.2). Also, the capability for manual deselection (downmoding) of MLS units via
software is only provided in OPS 8; however, MLS units deselected in OPS 8 remain deselected across
OPS transitions. Automatic deselection capability is only provided by redundancy management (RM)
starting in MM 305 and once deselected cannot be reselected. The MLS data flow in the Orbiter is shown
in figure 2-35.
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2.6.1 Subsystem Operating Program

The MLS subsystem operating program (SOP) routes the MLS data to other software modules. The SOP
sends three sets of range, azimuth, and elevation with validity and communication fault (CF) flags to RM
and the RM-NAV display. The three sets of data are also sent to the area NAV module of NAV software
for HSI display processing at a 3.125 Hz rate. RM sends to NAV the selected range, azimuth, and
elevation for consideration as a source in state vector and covariance matrix updates. Additionally, the
SOP routes various discretes (power-on, etc.) to appropriate users and performs various operations on
the data, as indicated in figure 2-35.

The SOP input processor module evaluates the CF status of each MLS. The azimuth, elevation, and
range data are compared to the previous cycle. If there has been a change greater than the least
significant bit (LSB) of each data word, the new input is stored and timetagged. Additionally, the azimuth
data are monitored, updated, and timetagged if the last update occurred more than 320 ms ago. This
corresponds to being refreshed every other pass through the update module which runs at 6.25 Hz.

These updated data words are processed through a preselection filter which provides the integerized raw
data, data good (DG) flags, and COMM-lock flags for all three information channels at a 3.125 Hz rate.

To minimize errors due to beam truncation, multipath, and weak signal strength, a limit check is
performed on the raw data to establish a second level COMM-lock status for azimuth and elevation data.
As shown in table 2-VIIl, COMM-lock requires the azimuth reading to be less than 13.5°. Elevation
readings must fall between 0.5° and 29°. NAV software latches out elevation data below 1.2° as
described in section 2.6.3. Additionally, range must be within 15 n. mi. and the Orbiter heading with
respect to the runway must be within £55° to satisfy the azimuth and elevation COMM lock.

COURSE
WRT RWY RANGE/ELEV/AZIMUTH COMM-LOCK N A
—) >
DATA | AREANAV
>
TIME \ 4
MLS SOP f A
AZLIMIT ©FLAG BIT — HUD
MAXMIN STRIPPING Hs
EL LIMIT « SETS DATA + ASSESSES DATA SELECT
-LOAD DELTA GOOD FLAGS GOODNESS
RNG LIMIT « CONVERTS * SELECTS DATA
RAD/DEG NM/FT FOR USERS
+ CONVERTS ANG/ + DETECTS EQUIP- | SELECTED DATA »| NAVIGATION
MM __ o f oEGRAD /EZ“ MENT FAILURES | DATA GOOD FLAGS
RNG WORD « CONVERTS TO \ 3| ¢ DETECTS OUT OF '
AZ WORD FLOATING PNT gEtSCEOSNﬂ‘TN'B)SS
LRU § —>| . . )
ELEV WORD l%igfgfgiw XTALCURRFLAG |  OF FAILURES
>
CLOCK + CHECKS DATA * OPEATES ON SYSTEM FAILURES
———————| AGAINST LIMITS |RNG/EL/AZ PARAM BASIS
FCOS §  COMMFAULT COMM-LOCK SYSTEM DILEMMA
" L
YY VY \ 2 \ v vV

SYS SUMM 1 FAULTMSGS
) RM FAIL MLS SM ALERT
M7 ey RM DLMA MLS

PNL F7

SENSOR TEST

DES, OFF, BITE, b/
M$ Yy

Figure 2-35.- MLS data flow.
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TABLE 2-VIIl.- MLS DATA LIMIT CHECKS

Required |AzZ| EL RNG Hdg
values for
NAV usage
<1350 0.5 to 29° <15 n. mi. <# 55
wrt rwy

2.6.2 Redundancy Management

The MLS RM software performs two major functions: (1) fault detection, isolation and reconfiguration
(FDIR) and (2) selection filter (SF). The FDIR function runs in OPS 3 and OPS 6 in the PASS and not in
any other OPS nor in the BFS. The SF runs in OPS 3 and OPS 6. MLS RM information is displayed on
the GNC SYSTEM SUMMARY 1 CRT display, the HSI dedicated display and the HUD. An RM functional
block diagram is shown in figure 2-36.

2.6.2.1 Fault Detection, Identification, and Reconfiguration

The MLS FDIR function detects errors and faults in the azimuth, elevation, and range data and
determines which MLS unit(s) (MLS 1, 2, or 3), if any, should be declared failed. Declaring a parameter
failed results in fault annunciation and FDIR downmoding of that MLS unit.

The FDIR function is accomplished by monitoring COMM-lock status, data validity flags, BITE flag status,
SF/FDI fail status, crew select/deselect status, and comparison of data values between the MLS units.
The flag status determines which MLS units are available for processing. A parameter is temporarily
withheld from FDIR (but not declared failed) for loss of lock or CF.

Based on availability, the absolute data difference between units (for each information channel) is

compared against a miscompare tolerance. The miscompare tolerance limits (also called tracking test
limits) for azimuth, elevation, and range are listed in table 2-IX.

TABLE 2-IX.- MLS FDIR MISCOMPARE TOLERANCES

. AZ EL RNG
Maximum
MLS
parameter
differences 0.5° 0.40 2000ft
(0.329 n. mi.)
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Hf" SELECTION
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FAULTS . >
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Figure 2-36.- General RM block diagram.

a. Three level

For the case of three candidate MLS units, the following parameter comparisons are made by
FDIR:

(P1 - P2) >k?, (P1-P3)>k?, (P2-P3)>k?,

where k is the miscomparison tolerance for that particular parameter. A parameter is declared failed if it
is the common parameter in two  miscomparisons for three consecutive FDIR cycles, and that MLS unit
is removed from further processing. At an FDIR rate of 0.25 Hz (4 sec/cycle), three consecutive
miscompares take 12 sec. Downmoding also causes down arrows () to be displayed on crew CRT
displays (SPEC 18, 40, and 101).

b. Two level

When one MLS unit has been downmoded, the following MLS parameter comparison is made by
FDIR between the two remaining units:

(Pj - P)) > k2.
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If the tolerance is exceeded, the presence of BITE is checked to resolve the dilemma. If the BITE
indication is present for an MLS corresponding to one of the parameters, that MLS unit is declared failed,
and FDIR is downmoded to the case of one good MLS. If no BITE or more than one BITE indication is
present, the disagreement is annunciated, and FDIR continues in the dilemma situation at the two level.
FDIR sets the azimuth and Rng BITE status equal to the elevation BITE status since there is only one
mixer crystal.

c. Zero and one levels

No FDIR.

2.6.2.2 Selection Filter

The purpose of the MLS SF is to select single values of range, azimuth, and elevation to provide to users.
The common SF module, which runs at a rate of 3.125 Hz, determines the selected data to be used by
navigation software. It utilizes the same COMM-lock and status bits as the FDIR module to determine the
available MLS. The SF is temporarily downmoded for loss of COMM-lock (loss-of-validity or CF). The SF
processes the MLS data based on the case number as described below. The SF responses to these
cases are summarized in table 2-X.

a. Three level

Selected output data is midvalue selected from the three available units. In this case, the DG flag is
set to a true state to notify users that good data are available to be processed. If one of the MLS units
starts putting out data outside the miscompare tolerance, midvalue selection protects against its use until
it is downmoded after three FDIR cycles.
b. Two level

At the two level, the selected data are the average of the two available units. The comparison test
performed in FDIR is repeated here to determine whether the units disagree. If the difference between
the two units exceeds the tolerance for only one count, the DG flag will be set to false to alert other users.
Meanwhile, FDIR will continue to attempt to isolate the failure. The rationale for immediately setting the
DG flag to false is to not risk averaging bad data. If the miscompare goes away with subsequent data,
the DG flag will be set to true again.
c. Onelevel

At the one level, data is prime selected and the DG flag is set true automatically.

d. Zero level

When there are no MLS units available, no new data will be sent to the users. The DG flag is set
false.
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TABLE 2-X.- SELECTION FILTER RESPONSE

Three level MVS DG =true

DG = false if miscompare tolerance
Two level Avg exceeded for one count
Onelevel Prime select DG set true
Zero level No data DG =false

2.6.3 Navigation Software

During approach and landing, NAV uses MLS inputs to a Kalman recursive NAYV filter to estimate the
Orbiter’s position and velocity state vector relative to the runway. Since the MLS range, azimuth, and
elevation data are with respect to the MLS ground station antennas, the latitude/longitude/altitude
locations, pointing angles, and range/azimuth/elevation bias corrections (if any) for each runway at which
MLS is available are I-loaded into a site lookup table together with runway information. Corresponding
landing areas, runways, MLS channels, and TACAN channels are contained in software and depicted in
the landing site data chart in the Flight Data File (Deorbit Prep) shown in Table 2-11l. The horizontal
situation display (HSD) (SPEC 50), shown in figures 2-37 and 2-37a, provides the flight crew with the
capability to select landing areas, primary or secondary runways for a landing area, and primary or
secondary TACAN channels for a landing area. When a landing area and runway are selected, all
associated data is retrieved by NAV for use during entry. NAV then processes received MLS data using
geometric values for the selected runway.

Under the current FSW release (OI1-27), a number of new MLS features have been implemented. When
three TACAN's are manifested (with zero or one Global Positioning System (GPS) installed), processing
of valid MLS data is signified by a double overbright display of “MLS” directly above the TACAN headers
(see figure 2-37), in addition to the nominal blanking of TACAN and ADTA Ratios and Residuals. When
three GPS units are manifested (zero TACANS), the Crew has the added ability to either Inhibit or Force
MLS data into Navigation, via Iltem Entries (see figure 2-37a).

The crew must dial up the MLS channel number corresponding to the selected runway for the proper MLS
data to be supplied to NAV. To illustrate the importance of this, suppose Edwards runway 17 (MLS
channel 6) is selected for landing, but MLS channel 8 is dialed up. MLS data from Edwards runway 22
(MLS channel 8) will be erroneously processed by NAV and displayed on the HSI and HUD whenever the
range, azimuth, and heading constraints shown in table 2-VIII are satisfied with valid range and azimuth
data and heading within 55° of runway 17. MLS channel selection is not downlinked on telemetry, so
ground controllers have no visibility if the wrong channel is selected; therefore, it is imperative that the
crew dial up the correct MLS channel corresponding to the selected runway.

If a runway is selected which does not have MSBLS, NAV sets the MLS_AVAIL flag to off which inhibits
NAV processing of any MLS data which may be received from another runway. In this case, if NAV is
selected as the HSI/HUD source, no MLS data will contribute to the displays since NAV feeds area NAV
which drives the HSI and HUD.

When MLS azimuth and range are acquired, NAV stops processing TACAN and baro data and starts

processing MLS data (in addition to the IMU data which are always used) to update the state vector.
Elevation data are incorporated into NAV if valid, but elevation data are not necessary for azimuth and
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range data to be used; however, neither azimuth nor range data are incorporated into NAV without the
other.

When MLS data is first available NAV executes an edit test on the azimuth, elevation, and range data.
MLS data must be within the limits shown in table 2-XI when compared to the onboard state vector in
order to pass the NAV edit test at data acquisition. These limits become tighter as more MLS data is
processed by NAV.

XXXX / 050/ HORIZ SIT XX X DDD/HH:MM:SS
oo T ALTM DDD/HH:MM:SS
INEX XX XXX Lo s YA
XXX
! ! ! ! ! + XXXXXX
5.0K 0 5.0K AY 11
XXAXXXXXXXX XX 50K — 4+ XXXXXX
41 XXXX SITE XX AZ 12
PRI XXXXX 3X T xoexxexx
SEC XXXXX 4x AX 13
TAC XXX 5 o o +XXXX
AY 14
TAEM TGT O —  +XXXX
G&N X XXX X 6 o -7
HSI X o Az 15
XEP 7 5ok ——  FTXXXX
AIM XXXX 8 AN MLS LOAD 16
S/B XXXXX 39 18 AT +XX.XX
NAV RESID [RATIO JAUTJINH [FOR] TAC1 XXX [TAC2 XXX [TAC3 XXX
TAC AZ|T XX XX | XX.XS 19X [20X [21X T XXX XXS [T XXX XXS [T XXX XXS
RNG [t XX.XX | XX.XS + XXX.XXS [£ XXX.XXS [+ XXX.XXS
GPS T XX XX | XX.XS [42X [43X |44X DES 31X | DES 32X | DES 33X
DRAG H [FXXXXX [XX.XS |22X 23X [24X ABS 34X DELTA 35X |XXXX
ADTA H [tXXXXX |XX.XS [25X [26X [27X [GPS S RN TXXXX.X AZ FXXX.XX
ADTA TO G&C 28X [29X [30X [AIF_G 47X 48X 49X H XXX.X

Item 41 allows the selection of the landing site in OPS 1, 3, or 6 from a possible index of 1 of 25 landing areas. Each

site consists of one primary (PRI) and one secondary (SEC) runway, two TACANSs, and an MSBLS (where
available).

Items 3 and 4 allow selection of either the primary or secondary runway of a selected landing area. The ID’s of the

primary and secondary runways are displayed next to items 3 and 4, respectively. Primary is automatically selected

(indicated by an "*') once a landing area is specified. Items 3 and 4 are mutually exclusive.

Item 5 provides the capability to select either of two TACAN'’s associated with a selected landing area. When a
landing area is selected, the primary TACAN is automatically selected, and subsequent executions of item 5

alternately select the secondary and primary TACAN’s. The channel ID of the selected TACAN is displayed next to

item 5.

Figure 2-37.- HSD (with TACANS).
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XXXX / 050/ HORIZ SIT XX X DDD/HH:MM:SS
ALTM DDD/HH:MM:SS
PTI XXX 1
NAV DELTA
INEX XX 9 XX.XX A
XXX | | | | AX 10
I I I I I + XX XXXX
5.0K 5.0K AY 11
XXXXXXXXXX XX BOK——  +XXXXXX
41 XXXX SITE XX AZ 12
PRI XXXXX 3X L EXXXXXX
SEC XXXXX 4X AX 13
+ X XXX
TAEM TGT © o AY 14
G&N X XXX X 6 o L rxxxx
HSI X ©) >
XEP 7 o Az 15
AlM XXXX 8 skl TXXXX
S'B XXXXX 39 A S ' LOAD 16
NAV RESID |RATIO 18 AT +XX.XX
GPS P IF xxxx | xxxs |AUT[INH [FOR |GPS [LSXXXX [2SXXXX [3SXXXX
V E XXX.X | XX.XS [42X [43X |44X |VEL XX XX | XX XX XX XX
DRAG H EXXXXX | XX.XS [22X [23X [24X [P 1o | XXXXX | XXXXX | XXXXX
ADTA H [EXXXXX | XX.XS |25X [26X [27X DES 31X |DES 32X |DES 33X
MLS 50X [51X 52X
G&C GPS S|47x [48X [49x AZ RNG ALT
ADTA [28X 29X (30X XXX XXXXX  XXX.X
Figure 2-37a.- HSD (with three GPS, no TACANS).
TABLE 2-XI.- MLS NAV EDIT LIMITS
Azimuth Elevation Range
Limit
m 5.7° 8.6° 0.8 n. mi.

If MLS azimuth or range data are lost for more than 6 sec, NAV reverts back to processing TACAN data
at altitudes above 1500 ft and barometric data. However, NAV will only revert back to baro data if MLS
data are lost above 1500 ft and then will only use baro data down to 500 ft. This is to prevent transients
at low altitudes where the barometric calibration is adjusted for landing gear deployment. Figure 2-38a
and Figure 2-38b summarize NAV requirements for the loss of MLS data, and use of MLS data,

respectively.
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Slant Range

1500 ft

TACAN
and
BARO

Figure 2-38a. - Loss of MLS

Near touchdown, NAV latches out all further MLS elevation data when the selected MLS elevation data
drops below 1.2°. This is to prevent reincorporation of erroneous data as the elevation angle increases
again. To understand this, it is necessary to recognize that the planar MLS elevation beam makes a
wedge angle with the ground. Although the Orbiter does not gain altitude again, the wedge angle from
the elevation station increases to 90° and beyond as the Orbiter passes the elevation station. Also, as the
Orbiter gets closer to the elevation station, the azimuth angle rate from the elevation station increases to
a high rate. As a result, the Orbiter flies out the top of the elevation beam at a high rate and the line of
sight to the elevation station moves rapidly out the side of the Orbiter antenna coverage. Consequently,
the received signal strength drops faster than the MLS NAVSET AGC can track and only a few pulse pair
intervals are averaged over a beam passage, causing increased errors. These errors are coupled with
the already high multipath errors caused by the elevation beam striking the ground. If NAV were to use
that erroneous data, the altitude computation could cause an improper pitch maneuver near touchdown.

-AZ/RNG use requirements AZ/RNG Use
»{ UseMLSAZ, RNG and IMU
NAV edit AZ
NAYV edit RNG If MLS AZ/RNG lost above 1500 ft alt:
——F 0
PY Use TACAN down to 1500 ft,
AZDG = | RESET BARO down to 500 ft. with IMU
RNG DG N =6 »| T MLSAZ/RNG lost below 1500 ft alt:
N Use IMU only
-EL use requirements
NAV edit EL
—————0
EL DG
EL Use Use MLSEL in addition to

\ 4

MLSAZ, RNG, and IMU

EL >1.20 y
AZ/IRNG Use |

Figure 2-38b.- MLS NAV use requirements.
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2.6.4 BITE Software
As mentioned previously, the capability exists to perform a check on the hardware system via ground

control or on orbit. On orbit, this process is called a self-test and can only be performed in OPS 8. The
software limits imposed on the self-test are listed in table 2-XII.

TABLE 2-XII.- SOFTWARE SELF-TEST LIMITS

Information channel Limit
+Azimuth (deg) +3.0+£0.1
-Azimuth (deg) -3.0+0.1
Range (n. mi.) 15.2+0.2
Elevation (deg) 6.0+0.1

2.6.5 CRT Displays

MLS information is displayed on three CRT displays:
a. GNC system summary 1 (GNC SYS SUMM 1) (OPS 3 and 6)
b. SENSOR TEST (OPS 8)

c. SENSOR SELF-TEST (OPS 9)

2.6.5.1 GNC SYS SUMM 1

This display (fig. 2-39) shows the operational status of the GNC systems and supports the GNC C&W
system. The display is available in OPS 3 and OPS 6 by using the system summary (SYS SUMM) key or
by SPEC 18 PRO. The lower right corner of the display shows the status of the NAV systems including
the MLS. The status columns for each unit may show blank (system OK), ~ (unit failed), M (data missing
due to CF or loss of lock), or ? (dilemma). The example below shows MLS 1 and 2 in a dilemma situation
and MLS 3 failed. GNC SYS SUMM 1 is a display only (DISP 18) with no interactive command capability.

EXAMPLE:

NAV 1 2 3 4
IMU

ACC

RGA

TAC

MLS ? 27 |
ADTA

2.6.5.2 SENSOR TEST
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This display (fig. 2-40), which is available in OPS 8 and via SPEC 40 PRO, provides a means of initiating,
monitoring, and terminating the self-test of the MLS and three other sensors. It also provides control of
the SF. Execution of a deselect (DES) item number changes the selection as a candidate for the SF. An
* appears next to the item number if the corresponding unit is deselected as a candidate. The SF
configuration from this display is carried over into OPS 3. Status (STAT) column indications are defined
below. If the BITE indicator is set, it will be blanked if the condition is corrected. The MLS STAT runs at 2
Hz. RNG in n. mi., azimuth in deg, and elevation in deg are displayed for each MLS. These values are
compared to the self-test limits (table 2-XIl) and a status indicator is displayed beside each test parameter
indicating the results of the tolerance check. The self-test controls are shown at the bottom of the display.
Execution of item 13 starts the self-tests on all the displayed sensors. Execution of item 14 stops the self-
tests. An * appears next to item 13 or item 14 to indicate, respectively, tests underway or tests stopped.
Items 13 and 14 are initialized blank.

EXAMPLE:
DES STAT RNG AZ EL
MLS 1 1 15.0 -2.96 5.92
2 2 15.2 -3.01 6.05
3 3 BITE 15 . 41 -3. 011 6.051
STATUS:

OFF power not applied to NAVSET

BITE AZ or EL AGC flag (only in self-test)
or
AZ or EL mixer crystal current flag
or
AZ, EL, or RNG validity flag

BLANK valid data

PARAMETER INDICATOR:

‘™ data missing

1 test value too high

" test value too low
blank normal

2.6.5.3 Sensor Self-Test
This specialist function (SPEC) display (fig. 2-41) is available in OPS 9 via SPEC 101 PRO for preflight

and postlanding checkout of the MLS and other sensors. It is the ground test equivalent of the on-orbit
SENSOR TEST (SPEC 40).
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NXX/XXX/Ols GNC SYS SUMM 1 XX X DDD/HH:MM%
DDD/HH : MM : SS
RCS JET ISOL
MANF| FAIL | VLV SURE POS MOM DPS 1 2 3 45
F1 |[XXX XXS L OB XXX.XS XXS GPC S S S S S
2 | XXX XXS IB XXX.XS XXS MDM FF S S S S
3 | XXX XXS R IB XXX.XS XXS FA S SS S
4 | XXX XXS OB XXX.XS XXS
5 [XXX XXS AlL XXX. X
L1 XXX | XXS RUD XXX.X ool 1234
2 XXX XXS SPD BRK XXX.X
3 | XXX XXS BDY FLP XXX.X
4 |XXX XXS XXXXXX NAV 1 23 4
5 | XXX XXS IMU S §S
R1 XXX XXS CNTLR 1 23 ACC S SSS
2 |xxx XXS RHC L S S S RGA S SSS
3 |XXX XXS R SSS TAC S S S
4 |xxx XXS A SSS MLS S S S
5 |xXX XXS THC L S S S ADTA S S S S
A SSS
SBTC L S S S
K R SSS /

Figure 2-39.- GNC SYSTEM SUMMARY 1 CRT display.

8011/040/ SENSOR TEST XX X DDD/HH: MM : SS
DDD/HH: MM : SS

DES  STAT RNG AZ EL
MLS 1 1 150 -2.96 5.92
2 2 15.2 -3.01 6.05
3 3 BITE 1544 3134 6174
DES  STAT RNG AZ
TAC 1 4 02 17751
2 5 05 178.33
3 6 BITE 0.4 18254
DES  STAT ALT
1 7 1100
RA 2 8 900
DES Y z
AA 1 9 +14.4 -82.8
> 10 +15.0 644
3 1 +152 -58.3
4 12 +15.6 -45.9

K START 13+ STOP 14 /

Figure 2-40.- SENSOR TEST CRT display.
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ﬂxxxuol/ SENSOR SELF-TEST XX X  DDD/HH: MM Q
DDD /HH : MM : SS

ENA  STAT RNG AZ EL

M1 IX  XXXX XXXS X XXS X.XXS
L2 2X  XXXX  XXXS X XXS X.XXS
S3 3X XXXX  XX.XS #X.XXS X.XXS

ENA  STAT RNG AZ

T1 4X  XXXX ~ XXS  XXX.XXS
A2 BX XXXX  X.XS XXX.XXS TEST CONTROL:
c3 BX  XXXX  X.XS XXX.XXS START 13 X
AUTO SEQ 14X
ENA STAT ALT TERM 15 X
R1 7X  XXXX  XXXXS
A2 8X  XXXX XXXXS INH ALL 16X
ENA % Z
Al 9X £XX. XS +XX.XS
A2 10X £XX.XS +XX.XS
3 11X +XX.XS +XX.XS
4 12X £XX.XS +XX.XS

\ )

Figure 2-41.- SENSOR SELF-TEST CRT display.

2.6.6 Caution and Warning

There is no caution and warning (C&W) associated with the MLS since it is a class Il alert; however, the
SM alert light and the following CRT fault messages will appear in the event of a fault.

CRT fault
message

Meaning

RM DLMA MLS MLS azimuth, range, or elevation disagree; MLS dilemma

RM FAIL MLS MLS failure (MLS 1, 2, or 3)

In addition, MLS faults are flagged on the GNC SYS SUMM 1 and SENSOR TEST
displays and on the HIS and HUD.

2.7 MLS GOODIE SHEET

The following MLS goodie sheet contains a summary of the information presented in this systems brief. It
is included to serve as a quick reference source for general MLS information.
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MLS GOODIE SHEET

Ground Station (MSBLS-GS)

Dual redundant EL and AZ/RNG ground stations

Dual redundant ac power/15 min battery backup
Continuous internal performance monitoring

Triply redundant external EL and AZ/RNG field monitors
Manual monitoring and control capability

Allowed EL and AZ alignment error: +0.015 deg

Alarm limits --

@roo0oTy

AZIMUTH ELEVATION RANGE
- Field monitor 0.125° 0.125" 0.041 n. mi.
- Internal (coding) monitor 0.25° 0.25° NA
h. Automatic alarm actions —
(1) Alarm on primary - switchover to backup
(2) Subsequent alarm on backup - inhibit all transmissions
i. Ground station failures reported to LSO (FDO)

Orbiter Hardware

MLS 1 MLS 2 MLS 3
a. Location Avionics Bay 1 Avionics Bay 2 Avionics Bay 3
b. MDM FF 1 FF 2 FF 3
c. Power MNADA1 014 MNBDA2 015 MNCDA3 016
d. Power ON discrete ESS 1BC ESS 2CA ESS 3AB
e. Switch PNL O8 sw8 PNL O8 sw9 PNL O8 sw 10
f.  Circuit Breaker PNL O14:E cbh25 PNL O15E cb24 PNL O16:E cb 18
g. BITE - Continuously monitor mixer crystal current
h. Thermal - Convective air cooling

- Min operating temp: -65 deg F
- Max operating temp: 165 deg F
i. Power requirement -- 100 watts/MLS
j- Warmup time -- 3 min
k. Nominal acquisition altitude -- 15,000 ft - 20,000 ft

AZIMUTH ELEVATION RANGE
l.  Coverage limits +13.5° 1.3% - 29° 20 n. mi.
m. Accuracy (1 0) 0.05° 0.05° 0.016 n. mi.
n. LSB 0.004° 0.004° 0.003 n. mi.

SOFTWARE (PASS Only)

a. SOP (MM 305, 603)
- CMLK flag generation for each MLS LRU
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RNG CMLK
AZ CMLK
EL CMLK

HSI/HUD processing

YVYY

AZ CMLK

|AZ| £ 1350

RNG =< 15n. mi.

AZ 2nd Level CMLK
| Hdg wrt RWI< 400

o)
_J MLS RM
RNG CMLK

EL CMLK
05°= EL = 29°
EL 2nd Level CMLK

| Hdg wrt RWI< 400 y >
RNG CMLK

b. FDIR (MM305, 603) AZIMUTH ELEVATION RANGE
- Miscompare limits 0.5° 0.4° 0.329 n. mi.
- Fail after 12 sec miscompare (and one BITE at 2 level)
c. Selection Filter (MM 305, 603)
- Loss of 2" level CMLK downmodes parameter
- Deselect (OPS 8 only)/fail downmodes LRU

3 MLS's MVS DG =true
2 avg DG = false if miscompare
1 use DG =true____
0 no data DG =false
d. NAV (MM 305, 603) AZIMUTH ELEVATION RANGE
- NAV Edit limits 5.7° 8.6° 0.8 n. mi.

(at MLS acquisition)
- NAV uses MLS data to supplement IMU data.
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-AZ/RNG use requirements AZ/RNG Use
»{ Use MLSAZ, RNG and IMU
NAV edit AZ
NAV edit RNG If MLS AZ/RNG lost above 1500 ft alt:
—00
PY Use TACAN down to 1500 ft,
AZDG = | RESET BARO down to 500 ft. with IMU
RNG DG N = 6 sec > If MLSAZ/RNG lost below 1500 ft alt:
—_— Use IMU only

-EL use regquirements

NAV edit EL
—0
EL DG

Y EL Use . | UseMLSEL in addition to
EL 21.20 J "1 MLSAZ, RNG, and IMU
AZIRNGUse |

FCS Checkout

a. Test limits AZIMUTH ELEVATION RANGE
Low +2.9° 5.9° 15.0 n. mi.
Nominal +3.0° 6.0° 15.2 n. mi.
High +3.1° 6.1° 15.4 n. mi.

b. Sensor test history tabs, hardcopies
- before START (AA bias data)
- START +3 sec (MLS + AZ data)
- START +19 sec (MLS - AZ, EL, RNG data)
- after STOP (AA bias data)

DISPLAYS
a. Crew displays — HSI (determined by HSI source switch), HUD
b. Ground comps -- MLS 1 (2, 3) RNG valid
MLS1(2,3) AZ valid Perform MLS 1 (2, 3)/GND A comps
MLS1 (2, 3) EL vaid ® | —>»| PerformMLS1 (2, 3)/MLS A comps
MLS 1 (2, 3) Lock-on event light—» ON

MLS1 (2, 3) PWRonN

Flight Rules/LCC

a. Flight rules -- One MLS is required for use of autoland in emergencies (#8-21B).
b. LCC -- There is no LCC for MLS since it is powered off prelaunch.
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SECTION 3
RADAR ALTIMETER

3.1 OVERVIEW

The radar altimeter (RA) is a low-altitude (0 to 5000 ft) tracking radar system (Figure 3-1). The RA
is used on the Orbiter in the final minute of landing to sense altitude above the terrain. This
altitude information is read out by the pilot (PLT) to the commander (CDR) during landings and
provides precise altitude data which verifies the CDR’s estimated altitude based on visual cues. The
RA altitude data is also checked against navigation (NAV) altitude, which is calculated in the flight
software from microwave landing system (MLS) data.

The RA altitude data is dependent on the time delay between the transmitted and received pulses.
The transmitted pulse, which is bounced off the ground and received, is converted from an analog
ramp voltage to a digital altitude by the flight software and displayed on the AVVI’s and HUD’s.
This RA altitude data is also transmitted to the Mission Control Center (MCC) where it is monitored
by guidance, navigation and control (GNC). GNC compares RA altitude to NAV altitude data on
RTPLOT.

There are two RA’s on each of the Orbiters for redundancy. The units are independent of each other,
there are different transmitting and receiving antennas for each RA, and the PLT and CDR can
select either RA for display. The RA is the primary source of low-altitude data, with the MLS
providing redundancy.

I_} Range (altitude)
Time-zero Video return
ulse
Transmitter P > Range ¢ pulse Receiver
Computer

e e

RF Transmission
Path

LSS S

Figure 3-1. - Radar altimeter system.
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3.2 RA HARDWARE

The following RA hardware components will be discussed in this section: power supply, transmitter,
receiver, range computer, and built-in test equipment (BITE). Reference the RA hardware drawing
(drawing 9.3) in the Space Shuttle Systems Handbook (SSSH). Figure 3-2 provides an overview of
the RA hardware interfaces.

3.2.1 Power Supply

The RA power supply operates off the Orbiter 28 V main (MN) dc buses. RA 1 is fed by MN A; RA 2
is fed by MN B. The power supply consists of a switching regulator followed by an inverter
operating at a frequency of 15 kHz. The switching regulator and inverter are used in conjunction
with the transformer and filter components to generate the other voltages used by other circuits
within the RA. The switching regulator output is controlled by a sensing circuit to maintain a 3
percent voltage regulation on the power supply.

RA 2
RA 1
o REC — RANGE COWPUTER 2TV
ANTENNA RECEIVER R , o[ FFL, TLM
RA 1 REC VIDEO <top LOCK-ON
ANTENNA [T RECEIVED PULSES PULSE
PULSE
DIGITAL
| CONVERTER
RA 2 TRANS|. FF2, TLM
ANTENNA TRANS- »[FFL, TLM
RA LTRANS], MITTER | START
ANTENNA TRANSMITTED PL(J_II__?E P/:\ELE_II}:'_IIZL\j\IIDOERD
PULSE ° -VALIDITY
-PARITY
ANALOG
TRACKER
— POWER g el
»[FFL, TLM
MN A SUPPLY
28V dc READY

Figure 3-2. - RA hardware interface.
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3.2.2 Transmitter and Antenna

The transmitter consists of the time delay circuit, pulse generator, pulse modulator, and cavity
oscillator. The transmitter generates the radio frequency (RF) pulses which are radiated by the
transmitting antenna.

The transmitter time delay circuit delays the +15 dc volts from being applied to the pulse generator.
The time delay provides a warm-up of the transmitter tube filaments before high voltage (320 V dc)
is applied to the transmitter cavity oscillator.

The output of the pulse generator is a classified signal which, after being amplified, drives the
modulator pulse-forming network. The pulse-forming network, through a step-up pulse
transformer, drives the cavity oscillator with high-energy pulses. The cavity oscillator runs at a
classified carrier frequency. This output is sent to the antenna for transmission to the ground. Each
transmitted radio frequency (RF) pulse generates a time reference pulse (t,) which is detected by the

range computer for computing altitude when the return pulse is sensed.

3.2.3 Receiver and Antenna

The receiver receives the returning pulses from the receiving antenna. The local oscillator in the
receiver is a solid-state, tuned resonant cavity oscillator which supplies a classified signal to the
balance mixer. The mixer contains a pair of matched crystal diode detectors and a bandpass filter
operating in the mixer input providing a classified signal input bandpass.

The local oscillator signal heterodynes with the received pulses in the strip-line circuit are employed
in the mixer. The crystal diodes in the mixer demodulate the resulting beat frequency, producing an
output consisting of overlapping video pulses, with amplitude and polarity depending on the phase
relationship between received echo pulses and the local oscillator signal.

The full wave detector converts the bipolar video pulses to unipolar video pulses for use in the range
computer. The bandwidth of the amplifier is classified, with the gain controlled as a function of
range by an input voltage (KAGC).

The intermediate frequency (IF) amplifier operates as a high gain video amplifier. It receives
bipolar video output signals from the mixer and amplifies these signals through a five stage
amplifier. There are two gain controls in the IF amplifier: an automatic gain control (AGC) and a
sensitivity range control (SRC). These two gain controls are summed together in the receiver to
control the gains of the IF amplifier stages.

The AGC controls the mean amplitude of the video pulse as it is detected in the tracker. The SRC
controls the IF amplifier gain as a function of altitude (no SRC control above 140 ft, SRC control
increases linearly between 140 and 28 ft, and maximum SRC control is below 28 ft). This results in
a relatively constant output. The SRC control is set to permit tracking of the ground return signals
at low altitudes with AGC controlling IF gain. The AGC is active from 0 to maximum range (5000
ft).
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3.2.4 Range Computer

The range computer provides the tracking loop which maintains a leading edge track of the ground
return pulses and produces the altitude signal. The range computer is made up of two major
components, the analog tracker and the digital converter.

a.

Analog tracker

As the pulse signal is transmitted to the ground, the time reference pulse (t) is fed back to the

ramp generator which provides a saw-tooth ramp voltage to the comparator as a function of
time. The comparator compares this ramp voltage with the internal range voltage from the
range integrator. When the voltages are equal, the comparator sends an output signal which
triggers the gate pulse generator that generates two types of pulses, a narrow track gate pulse
and a wide KAGC gate pulse.

The track gate pulse is applied to a gate circuit where the amount of overlap between this pulse
and the video pulse is converted to a track error current to determine the direction and rate of
change of the internal range voltage. The range integrator circuit integrates the received
voltages proportional to rate from the rate integrator and develops voltages proportional to
range.

The KAGC gate pulse is supplied to the AGC loop where it is used to determine the IF amplifier
gain necessary to maintain constant amplitude on the video target pulse that is used to overlap
the track gate. The basic AGC loop consists of the track keyed AGC amplifier, the IF amplifier,
and the video amplifier. An additional gain control circuit (the SRC in the receiver), controls
the system gain as a function of altitude to prevent the system from locking up on antenna
leakage, returns from Orbiter appendages (such as landing gear), or dense rain. The noise
automatic gain control (NAGC) circuit operates as a function of noise to maintain the noise
level below the tracking threshold. The AGC amplifier sums gain control inputs (SRC, NAGC,
and KAGC ) and produces a voltage to control the IF amplifier gain in the receiver.

The KAGC signal serves as an input source to the track/no track logic circuit which indicates
the presence or absence of a target pulse suitable for tracking. Once the system is in track
mode, the tracking signal would have to be lost by more than 0.1 seconds before the search
mode is activated. Figure 3-3 shows the timing relationships among the transmitted, returned,
and various gating pulses.
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Figure 3-3. - RA analog tracker timing diagram.
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Figure 3-3. - RA analog tracker timing diagram.

b. Digital converter

The digital converter converts the time between the time reference pulse (t,) and the track stop

gate pulse to a digital serial word in which each pulse represents 1 foot altitude. The time
difference between the start and stop pulses is proportional to altitude.

The clock utilized for this circuit runs at a crystal-controlled frequency of 24.58920 MHz with a
scale of 20 radar feet per cycle. Each time the t, pulse occurs, the start-stop multi-vibrator

allows the clock pulses to pass into a high speed counter. For every five pulses from the clock, a
single pulse is sent to the accumulator. The stop pulses sent from the analog tracker reset the
output of the multi-vibrator and stop the pulse count. At this time, the divide-by-100 counter
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advances by one count. When this counter reaches 100, the output of the divide-by-5 counter is
rounded off by adding one more pulse to the accumulator if the divide-by-5 counter is greater
than 3. After the roundoff cycle is complete, the information in the accumulator is parallel
loaded into the shift register together with the validity bit and the odd parity bit.

3.2.5 Built-In Test Equipment (BITE)

An externally initiated self-test can be performed on the RA on the Orbiters in operational sequence
(OPS) 8 FCS checkout, OPS 9 prelaunch, or during ground testing. Further details of the RA self-
test are discussed in another subsection of this systems brief.

3.2.6 Hardware Characteristics

The following RA operational characteristics from the Shuttle Operational Data Book (SODB) are
given here for reference:

Transmitter frequency Classified
Transmitter pulse width Classified
Pulse repetition frequency Classified

Transmitter peak power, wide pulse [Classified

Receiver bandwidth Classified
Altitude range 0 to 5000 ft
Altitude rate limit 2500 ft/sec

The RA will provide the following outputs: analog altitude signal, digital altitude signal, and lock-
on signal.

The analog altitude signal is an analog voltage from 0 to 15 V. The digital altitude signal is a 16-bit
word with the least significant bit (LSB) equal to 1 foot altitude and the most significant bit (MSB)
equal to 4096 feet altitude. Bit 16 is the parity bit for odd parity. The lock-on signal is logic 1
during track and logic 0 during search.

Each RA sends a 16-bit word to the GPC via the flight forward (FF) multiplexers/demultiplexers
(MDM’s) (RA 1 via FF1 and RA 2 via FF2). The 16-bit word consists of a data validity (lock-on),
altitude data, and an odd parity bit. Figure 3-4 shows the 16-bit word from the RA to the MDM and
from the MDM to the GPC. Note that the LSB and the MSB on the two 16-bit words are reversed.
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16 15 3 2 0 12 13 14 15
M L
S S
P A% C B B
a a 0 P A% C
T |«4—Radar altimeter output—» 1 n a a o
i i t r |€—— MDM altitude word —{ 1 n
t d r i i t
y i 0 t d r
t 1 y i 0
y t 1
y
Bit Designation Logical Bit Designation Logical
value (true) value (true)
1 Control 1 (always) 0 Parity 1 = ODD parity
2 Validity 1 = Lock-on 1 Data MSB 1 =4096 ft
3 Data LSB 1=1f1t 2 Data 1=2048 ft
4 Data 1=21t 3 Data 1=1024ft
5 Data 1=41t 4 Data 1=5121t
6 Data 1=8ft 5 Data 1=256ft
7 Data 1=161ft 6 Data 1=128ft
8 Data 1=32ft 7 Data 1=641t
9 Data 1=641t 8 Data 1=32ft
10 Data 1=128ft 9 Data 1=161ft
11 Data 1=256ft 10 Data 1=8ft
12 Data 1=512ft 11 Data 1=41t
13 Data 1=1024 ft 12 Data 1=2ft
14 Data 1=2048 ft 13 Data LSB 1=1ft
15 Data MSB 1 =4096 ft 14 Validity 1 = Lock-on
16 Parity 1 = ODD parity 15 Control 1 (always)
RA to MDM MDM to GPC

3.3 ORBITER RA-RELATED HARDWARE

3.3.1 Power

Figure 3-4. - RA altitude data word.

Each RA requires 28 V dc from the Orbiter main power buses. MN A powers RA1 through a circuit
breaker in panel O14. MN B powers RA 2 through a circuit breaker in panel 015. Power ON/OFF

switches for both RA’s are located on panel O8. Figure 3-5 shows the location of the circuit breakers
and power switches on the Orbiters.
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tCa24} -5

FLIGHT STATION

Figure 3-5. - RA power control.

3.3.2 Switch Select

The crew has the capability to manually select which RA will be used to display data on the
altitude/vertical velocity indicator (AVVI) and head up display (HUD). The select switches are
located on panel F6 for the CDR and on F8 for the PLT on vehicles with Multifunction Electronic
Display Systems (MEDS). The select switches are located on panel F7 and F8 for the CDR and PLT,
respectively, on pre-MEDS vehicles. Figure 3-6 shows the location of these switches on the Orbiters.
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Figure 3-6.- RA select switches and displays.
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Figure 3-6.- RA select switches and displays. (pre-MEDS)

3.3.3 RA and RA Antenna Locations

RA no. 1is located in avionics (AV) bay 1. RA no. 2 is located in AV bay 2. Cooling to the RA line
replacement units (LRU’s) is provided by the AV bay fans. AV bays 1 and 2 are shown in figure 3-7.
The antennas are located on the lower fuselage in the orientation shown in figure 3-8.
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Figure 3-7. - Avionics bay installation of radar altimeters.
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3.3.4 Dedicated Displays and HUD

a.

Dedicated displays

The RA altitude is displayed on the two AVVT’s for use by the CDR and PLT during the final
5000 ft until touchdown. The RDR ALT tape on the AVVI is located next to the NAV ALT tape.
These two sources of altitude can be compared with each other and with visual cues to provide
precise altitude information during Orbiter landings.

Head up display

If an R is displayed after the digital altitude readout near the center of the HUD (Figure 3-9),
the altitude is from the RA. If no R is displayed, the digital altitude readout is from NAV
software.

Digital altitude from NAV software is displayed on the HUD second declutter level if the
altitude is less than 32,767 ft. RA altitude data is available only below 5000 ft. If the declutter
level one or zero is selected, digital altitude is displayed when altitude reaches 100 ft.

Displayed digital altitude is changed every 200 ft down to 1000 ft, followed by every 100 ft down
to 400 ft, then every 10 ft down to 50 ft. Below 50 ft, altitude is incremented every 1 foot down
to touchdown.

The radar altitude symbol (O O R) consists of a double width tick mark and an R character.
Radar altitude is read off the altitude scale at the tick mark. Differences between the radar
altitude and the NAV altitude are indicated by the delta between the radar (0 O R) and NAV
altitudes. The radar altitude symbol is blanked when radar altitude data is not available
(above 5000 ft). Displayed data depends on the position of the RADAR ALT select switch (1 or
2). Each HUD is individually selectable.

The altitude tape on the HUD consists of a fixed rectangle against which is read a moving scale
of altitude in terms of height of the main gear above the runway. The scale moves in the same
direction as the AVVI altitude scale. Scaling is variable with scaling changes occurring at the
same time that changes occur on the AVVI altitude scale.

The glide-slope indicator (GSI) is a triangle facing the altitude scale. The symbol is free to
move with respect to the altitude scale. When no error exists between the guidance-computed
reference trajectory altitude and the actual altitude, the triangle lies exactly adjacent to the
altitude rectangle. The GSI is a “fly to” indicator. When actual altitude is above the reference
trajectory altitude, the triangle will be below the rectangle. To correct the altitude error, fly the
Orbiter towards the triangle. The sense is comparable to the glide-slope on the HSI.
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Note: This figure is not a valid flight configuration

Digital
ltitude

Radar
Altitude

Glidedlope
indicator

Altitude
tape

Figure 3-9. - HUD Display of RA altitude

3.4 RADAR ALTIMETER PASS SOFTWARE
Figure 3-10 shows the RA software interfaces involving the data processing module (GYR_RA_DP),

the selection filter (SF) module (GRG_FIXED_SF), and the AVVI processing module
(GDJ_AMI_AVVI_PROC). All RA software processing is performed at 6.25 Hz.
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Figure 3-10. - RA software interface.
3.4.1 Radar Altimeter Data Processing

The RA subsystem operating program (SOP) (GYR_RA_DP) performs the following functions:

a.
b.
c.

Converts altitude data from fixed point to floating point.
Initializes parity flags equal to false and strips flag bits from input data words.
Time tags the data. Flight computer operating system (FCOS) provides the Greenwich mean
time (GMT) to the RA SOP.
Generates the lock-on and comlock flags. FCOS provides RA commfault status to the SOP and
selection filter.
Sends altitude data and lock-on flags to the SF module (GRG_FIXED_SF) and HUD processor
for display.
Sends altitude data and comlock flags to the AVVI processor. Comlock flags (RALT_CMLK) are
only used by the AVVI processor at a rate of 1.04 Hz.

The RA software drawing module (GYR_RA) provides the data needed to drive the AVVI and HUD
for crew display from 5000 ft to touchdown. This module provides the Orbiter altitude in terms of

3-15



SHUTTLE OPS ORIG: D.WEILER RADAR ALTIMETER
GNC/JSC-18863 7/06/2005:FINAL SB 3.0

feet of the Orbiter rear wheels (main landing gear) above the runway, assuming a nominal angle of
attack. An I-Loaded value of 18.2 ft will be subtracted from the integer altitude data prior to being
displayed on the AVVI. This 18.2 foot I-load corresponds to the difference between the Orbiter rear
wheels and the nose, where the RA antennas are located.

The RA SOP is dispatched by the Ascent, return to launch site (RTLS), and Entry major functions
under the following conditions: Ascent, if the external tank (ET) separation (SEP) CMD flag is ON;
RTLS, if the RTLS ET SEP CMD is ON; and Entry, on transition to major mode (MM) 305
Terminal Area Energy Management (TAEM).

The RA SOP module is deactivated under the following conditions: for Ascent, when the ET SEP
maneuver is complete in MM 103 or on transition to MM 104; for RTLS, when the AUTO -Z
translation is complete in MM 601 or on transition to 602; for Entry, on transition to OPS 9 from
OPS 3.

Even though the software is running onboard, the only time MCC receives RA telemetry is during
the OPS 8 flight control system (FCS) checkout and during entry. During ascent, MM 103 to MM
104, the RA SOP module will work momentarily; however, the data will not be displayed on the
crew’s AVVI. To be able to observe the Orbiter distance from the ET during ET SEP, the crew would
need to perform a GPC memory read of the RA altitude location in the common data pool

(COMPOOL).

Once the RA is ready (powered ON), the first check performed is an odd parity check on the parent
word. The raw altitude data is converted to integer data and is displayed as long as the RA is locked
on, not commfaulted, and not deselected by the crew. Crew deselect can be done only in OPS 8 and
carries over the OPS transitions to entry.

The RAs are powered on for ascent but MLS remain off partly because the onboard flight software
does not support the MLLS SOP in OPS 1 like it does the RAs. In addition to this, the MLS would not
be able to lock on to a ground station because of the Orbiter’s orientation and location from the
runway; however, the RAs will lock on to the External Tank, giving the ground a chance to evaluates
it’s performance prelaunch. Lastly the MLS are powered off during ascent because they emit a high
powered KU-Band radiation which is considered a safety hazard. Since the MLS antennas are
mounted on the nose of the vehicle looking forward, it is feasible that the MLS radiation could be
reflected off of the tower prior to launch while the beanie is mounted to the top of the ET and radiate
the vehicle. Although the RAs also emit radiation, they are still powered on for ascent because they
emit at lower radiation levels.

3.4.2 Radar Altimeter Redundancy Management

The selection filter module (GRG_FIXED_SF) performs the following functions:

a. Averages the altitude data from the two RA’s.

b. Performs a DATA GOOD test. The difference between the two altitude values must be less than
the I-loaded limit (37 ft).

c. Provides the data to user parameter processing (UPP) where it is made available to NAV
processing but is not used by the NAV software.

The RA software does not contain any fault detection, identification, or reconfiguration (FDIR) since

there are only two RA’s and FDIR cannot determine the failed unit at the two level. The RA data
does go through a selection filter which determines the status of the data.
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At the two level (two RA’s), the selected data is the average of the two values. A DATA GOOD test
is performed which takes the absolute difference of the two values; if the difference is greater than
37 ft, DATA GOOD flag is set to logic 0 (BAD).

At the one level (one RA), the data from the selected RA is used. At this level, the DATA GOOD flag
will always be set to GOOD. The selection filter down-modes to this level for the following reasons:
if an RA is commfaulted; if an RA is deselected by the crew; or if an RA has broken lock (data
validity = 0).

At the zero level, the RA DATA GOOD flag is set to BAD and no selected data is available.

3.4.3 RA Display

The AVVI processing module (GDJ_AMI_AVVI_PROC) uses altitude data from the RA SOP to drive
the RAD ALT tape on the AVVI. Individual RA data, as selected by the crew, is available for display
on the AVVI. The CDR and PLT can select either RA 1 or RA 2 for their display using the select
switches for their displays. See section 3.3.2 for more on the location of the select switches.

Anytime the RA data is invalid, the COMMLOCK indication for that unit will go to logic 0, thereby
causing the data as displayed on the AVVI to go static and the RA OFF flag to appear. The AVVI
processor module will only display the RA altitude in MM’s 304, 305, 602, and MM 603.

3.5 RA BFS SOFTWARE

3.5.1 RA PASS/BFS Differences

The backup flight system (BFS) processes RA data for display only on the AVVI during MM’s 305
and 603. The BFS dedicated display processor will output data from RA 1 to both AVVI's if the unit
has a valid lock-on. The BFS does not support RA select switch processing. In the event RA 1 does
not have a valid lock-on, data from RA 2 will be used. The BFS dedicated display processor will
continue to switch between the two RA’s in an attempt to obtain one with a valid lock-on

3.6 RA SELF-TEST

The self-test mode occurs when the POWER-ON discrete is ON and the self-test is commanded. In
this mode, the built-in test equipment tests the internal circuits and provides output data which
indicates the health of the RA. An internal delay circuit delays the self-test-generated return signal,
resulting in a self-test altitude of 1000 ft, plus or minus 100 ft.

The RA can be self-tested during the on-orbit OPS 8 FCS checkout and preflight during GNC OPS 9.
The OPS 8 FCS checkout self-test is accomplished through use of the crew interface software, using

the keyboard and the SENSOR TEST display, SPEC 40 (see fig. 3-11). A similar display, SPEC 101,
SENSOR SELF-TEST (see fig. 3-12), is used for self-testing the RA in OPS 9.
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XXXX/040/ SENSOR TEST XXX DDD/HH:MM:SS
/ DDD/HH:MM:SS\
DES STAT  RNG AZ EL

MLS 1 1X  XXXX XX.XS X XXS X.XXS
2 2X  XXXX XX.XS 1X.XXS X.XXS
3 3X  XXXX XX.XS 1X.XXS X.XXS

DES STAT RNG AZ
TAC 1 4X  XXXX XXS XXX.XXS
2 5X XXXX XXS XXXXXS
3 6X XXXX XXS XXX.XXS

DES STAT ALT
RA 1 7X XXXX = XXXXS
8X XXXX  XXXXS

[\

DES Y Z
AA 1 9X XX.XS MXX.XS
2 10X XX.XS XX XS
3 11X XX.XS 1XX.XS
4 12X XX.XS IXX.XS

START 13X STOP 14X
K (XXJ

Figure 3-11.- SPEC 40 Sensor Test (OPS 8).

ﬁ(XX/lm/ SENSOR SELF-TEST XX X DDD/HH:MM:SN
DDD/HH:MM:SS
ENA STAT  RNG AZ EL
M 1 1X XXXX  XXXS  fXXXS XXXS
L 2 92X XXXX  XXXS  OXXXS XXXS
S 3 3X  XXXX  XXXS  OXXXS XXXS
ENA STAT  RNG AZ
T1 4X  XXXX XXS XXXXXS
A2 5X  XXXX XXS XXX.XXS TEST CONTROL:
C 3 6X XXXX XXS XXXXXS START 13X
AUTO SEQ 14X
ENA STAT  ALT TERM 15X
R 1 7X  XXXX  XXXXS
A2 8X XXXX  XXXXS INH ALL 16X
ENA Y z
Al 9X OXXXS ~ OXXXS
A2 10X XXXS ~ OXX.XS
31X OXXXS ~ OXXXS
4

12X IXX.XS IXX.XS
XX)

Figure 3-12.- SPEC 101 Sensor self-test (OPS 9).
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3.6.1 On-Orbit (OPS 8) FCS Checkout

SPEC 40, the SENSOR TEST display, permits self-testing the MLS, TACAN, RA and accelerometer
assembly (AA) on orbit during the OPS 8 FCS checkout (reference: Orbit OPS Checklist and Data
Processing System (DPS) Dictionary). These sensor tests are not individually selectable; all of the
tests are started and stopped simultaneously. The self-test is initiated by an ITEM 13 EXEC
(START) and terminated by an ITEM 14 EXEC (STOP).

Execution of an item number in the deselect (DES) column (items 7 and 8 for RA’s) changes the
selection of the LRU as a candidate for the SF. An asterisk (¥) appears next to the item number to
indicate when an LRU has been deselected. The selection filter configuration from this display in
OPS 8 is carried over into OPS 3.

RA STAT will be displayed as BITE, OFF or blank. If the BITE status indication is set during the
self-test, the BITE is latched and resets upon execution of ITEM 14 EXEC (self-test STOP).

Once the self-test is commanded, altitude for each RA will be displayed. The displayed altitude
should be between 900 and 1100 feet. A status indicator beside each test parameter in the ALT
column will show one of the following indications: M for missing data; a down arrow for data below
the lower test limit (900 ft); an up arrow for data exceeding the upper test limit (1100 ft); or blank
for self-test data within the test limits.

Should an RA fail self-test, the OPS 8 FCS checkout procedure in the Orbit OPS Checklist instructs
the crew to deselect the unit and record the value in the ALT column; during OPS 3, a deselected RA
will produce an OFF flag on the AVVI altitude tape unless the other RA has been selected to be
displayed on both AVVT’s.

3.6.2 Preflight (OPS 9) Self-Test

SPEC 101, the SENSOR SELF-TEST display, permits self-testing the MLS, TACAN, RA and AA
preflight in GNC OPS 9. Execution of items 1 through 12 enables the respective LRU’s for testing.
Any number of these sensors can be enabled for self-test. The self-test is initiated by an ITEM 13
EXEC (START). Unlike the OPS 8 sensor test, individual sensors enabled on this display can be
self-tested. An asterisk will be displayed next to the item numbers of the enabled LRU’s. Item 14
(AUTO SEQ) initiates self-testing on all 12 sensors whether enabled or not.

RA STAT will be displayed as BITE, OFF, or blank. BITE is blanked whenever the condition is
cleared. RA self-test altitude is displayed in feet. A status indicator beside each self-test parameter
in the ALT column will show one of the following: a down arrow for data below the lower test limit
(900 ft); an up arrow for data exceeding the upper limit (1100 ft); or blank for self-test data within
the test limits.

ITEM 15 (TERM) terminates testing. ITEM 16 (INH ALL) inhibits all 12 sensors from self-test.

3.6.3 Self-Test Limitations
A range and rate simulator provide stimuli for the self-test. An internal delay circuit is applied to

delay the return signal the appropriate time to generate a test value of 1000 ft with tolerance of plus
or minus 100 ft.
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The self-test circuitry develops its own timing pulse from the transmitter. Radiation is inhibited
during the self-test. The self-test does not test the plate pulse cavity oscillator to transmitter
antenna signal flow. Self-test does not utilize the 6.3-V ac heater voltage used by the plate pulse
cavity oscillator. Self-test reduces the plate pulse modulator amplitude. Self-test does not check the
receiver to mixer signal flow.

3.7 RA OPERATION

3.7.1 Onboard Monitoring (MM’s 304, 305, 602 and 603)

The following dedicated displays, cathode ray tube (CRT) displays, and fault messages are used by
the crew for assessing the status of the RA data.

a. Dedicated displays

Display Location Parameters MSID

AVVI PNL F7/F8 Altitude V72H5356B (5396)
on RDR ALT tape

HUD CDR/PLT RDR ALT tape and

digital altitude
b. CRT displays

SPEC 40, SENSOR TEST - Self-test altitude
SPEC 101, SENSOR SELF_TEST - Self-test altitude

c. Caution and Warning/Fault Messages

There is no caution and warning associated with the RA. The following CRT fault message will
appear in the event that all GPC’s detected a problem receiving data from the indicated bus
control element (BCE) of the indicated string and have bypassed that element.

CRT fault messages
BCE STRG1 TAC FF1
BCE STRG 2 TAC FF2

Note that there is no BCE STRG RA fault message; instead, it is included in the BCE STRG
TACAN message. Reference the Reference Data book, sections 2 and 3, for further details.
These messages are available to the crew on the Orbiter CRT’s and to MCC via telemetry.
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3.7.2 MCC Monitoring

The following GNC displays, RT_PLOT, ELOG and CRANS are used in the MCC for assessing the
status of the RA’s.

Display Parameters MSID
Ascent/Entry Sensors RA 1(2) ALT V74H1804B(1854)
RA 1 (2) LOCK-ON V74X0172X (0182)
R/W ALT VI95H0165C
RA DATA GOOD V90X4003X
RA 1 (2) POWER V74X0176X(0186)
RA 1 (2) SWITCH ON/OFF V74S0175E (0185)
Sensors Prelaunch RA 1 (2) SWITCH ON/OFF V74S0175E(0185)
RA 1(2) LOCK V74X0172X (0182)
RA 1 (2) POWER V74X0176X (0186)
RA 1(2) ALT V74H1804B (1854)
Sensors BFS RA 1(2) ALT VI8H3077C (3090)
RT PLOT Parameters MSID
SENSORS RA1 & 2 ALT vs NAV ALT V74H1804B (1854)

vs VO5H0165C

ELOG Parameters MSID

A/E_ GNC & SENSORS RA 1 (2) SWITCH ON/OFF V74S0175E (0185)
RA 1 (2) VALIDITY V74X1805B (1855)
RA DATA GOOD/BAD V90X4003X
RRA SEL 1 (2) V72K8685X (8686)
LRASEL1(2) V72K8585X (8586)

CRANS Parameters MSID

NAVAIDS MATRIX RA 1 (2) BYPASSED V91X2253XX(2254)
RA DATA GOOD/BAD V90X4003X
RA 1 (2) SWITCH ON/OFF V74S0175E (0185)
RRA SEL 1 (2) V72K8685X (8686)
LRASEL1(2) V72K8585X (8586)
RA 1(2) LOCK ON V74X0172X (0182)
RA 1 (2) READY V74X0176X (0186)

3.7.3  Flight Rules

There are currently no space transportation system (STS) flight rules regarding RA requirements.
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3.7.4 Launch Commit Criteria

There are two launch commit criteria (LCC) regarding RA’s (CT-08 and DPS-17). Both LCCs state
that one of two radar altimeters is required from RA power up to OPS-1 transition; however, two
radar altimeters are required if less than three MLS available or if the planned abort or EOM
landing is at night. RA’s provide an increase in safety margin required at night because of the loss
of visual depth perception.

3.7.5 Mission Performance

Early mission performance of the RA was characterized as marginal, prompting the need to
incorporate a new modified RA and later, new RA antennas into the Orbiter which resulted in
improved performance. Some of the problems associated with the older RA and antennas are
included here for reference.

During STS-1 and 2, both RA’s stopped tracking altitude and locked on to the nose landing gear
when the landing gear was deployed. A hardware modification, which consisted of reducing the low
altitude sensitivity, was implemented successfully. After that change, the new RA’s performed
nominally until the first flight of OV-103. In OV-103, RA 2 locked-on at a lower altitude (3000 ft)
than at the nominal 5000 ft altitude level. At first, the problem was thought to be with the
particular RA LRU. However, subsequent RA’s installed in its place for later flights of OV-103
exhibited the same problem. Replacement of the receiving antenna did not correct the problem. The
most likely cause of this RA anomaly has been attributed to a cracked/bent connector at the RA,
which may be a result of having to install the cable in a hard-to-reach location. To fix this
problem,the RA was rotated for easier access to the RA connections.

During STS-26 and STS-28, the RA’s experienced another problem of dropping lock for a few seconds
while flying over the Edwards lakebed. This was a biproduct of lowering the RA gain, to preclude
locking on to the landing gear during deployment. New RA antennas with slightly less gain than
the old antennas were installed on the vehicles To compensate for the lower antenna gain, the gain
of the new RA was increased, thereby fixing the problem of dropping lock while flying over a
lakebed. Since the new antenna has a narrow Band-Width, lower gain, increased isolation, and an
off-center directional attitude, it also helped prevent locking on to the nose gear/structure. RA’s
have been performing nominally..
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3.8 RADAR ALTIMETER SUMMARY
a. Orbiter hardware
RA 1 RA 2
(1) Location: RA’s AV bay 1 AV bay 2

Transmitter antennas
Receiver antennas

Lower fuselage
Lower fuselage

(2) MDM FF1
(3) Power supply MN A DA1 014
(4)  Power on discrete ESS 1BC
(5)  ON/OFF switch Panel 08 (S4)
(6a) Select switch (pre-MEDS) Panel F7/F8
(6b)  Select switch (MEDS) Panel F6/F8
(7)  Circuit breaker Panel 014: row E
cb 24, 3A
(8) Frequency C-band (classified)
(9) Thermal Air cooled - AV bay fans
Minimum operating temp:
Maximum operating temp:
(10) Power Requirement 30 Watts, 28 V dc
(11) Warm-up time 180 sec
(12) Nominal Acquisition ALT 5000 ft
(13)  Altitude coverage limits 0 to 5000 ft
(14)  Accuracy (1 sigma) 0 to 10 ft: £1.6ft
11to 66 ft: +2.4ft
Above 66 ft: + 3 percent
(15) MSB 4096 ft
LSB 1ft
(16) Expected lifetime 1200 hours
(17) Weight RALRU = 451b
RA antenna = 11b 3oz
(18) Beamwidth 50 deg
b. Self-test
OPS Test limits
1. OPS 8 FCS CHECKOUT (on orbit) 1000 ft
+100 ft
2. OPS 9 (prelaunch) 1000 ft
+100 ft

c. PASS software/HAL code

(1)

PASS modules

(a) RA data processor

(b) RA display

(c) RA RM (fixed-point
common selection filter)

FSSR
GYR_RA
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Lower fuselage
Lower fuselage
FF2

MN B DA2 015
ESS 2 CA

Panel 08 (S5)
Panel F7/F8
Panel F6/F8
Panel 015: row E
cb 23, 3A

35deg F
140 deg F

SPEC
SPEC 40
SENSOR TEST
SPEC 101
SENSOR SELF_TEST

DDS/HAL module

GYR_RA_DP
GDJ_AMI_AVVI PROC
GRG_FIXED_SF



SHUTTLE OPS ORIG: D.WEILER RADAR ALTIMETER
GNC/JSC-18863 7/06/2005:FINAL SB 3.0

(2) Interfaces

Inputs Outputs

RA data word RA altitudes
Commfault status Commfault flags
Lock-on status Lock-on flags

(83) Module summaries (processing rate = 6.25 Hz)

(a) RA data processing (GYR_RA_DP)
e Converts data from fixed point to floating point.
e Time tags data.
*  Creates commfault/lock-on flag.
e Sends altitude data and lock-on flags to selection filter.
* Sends altitude data, comlock flag to AVVI processing.

(b) RA display (GDJ_AMI_AVVI_PROC)
Uses altitude from GYR_RA_DP to drive the radar altitude tape on the AVVL.

(¢) RARM (GRG_FIXED_SF)
e Averages altitude data.
» Data Good test is implemented: ALT 1 - ALT 2 < 37 ft (I-LOAD).

e Data is provided to UPP, where it is made available to the NAV processor (but is
not used by NAV).

3-24



Table Of Contents

4.0 AIR DATA TRANSDUCER ASSEMBLY ...ttt ittt s e e e e e s et s e e e s s s e aaaba e e e e e s s eeraba e eeas 1
4.1 AIR DATA SYSTEM INTRODUCTION ...ttt e e e et e e e e e e e e e e e e e e e e ee e e eeas 1
4.2 HARDWARE OVERVIEW ....oeiiiiiiieeee ettt ettt e e ettt e e e e e e e e et e e e e e e e e aeab e e e e e s s eeraba e eeas 1
4.2.1 ADS HARDWARE SYSTEM DESCRIPTION ...ccuuuuuiieieiiietttiieeseesseeesssisssesssesssssesessrsssssneeessssssssnneeens 1
A W N [ G B = = o (] o 11T 1

O N\ D X - TP 6
4.2.2 ADTABITE PROCESSING ... ..ottt et e e e e e et e e e e e e e e e e e e e e e e e en b e eeeas 12
4.2.2.1 RADIATION INTEVENTION CIRCUITRY ..ottt e e e e ee s s e e e s eeeaaaanas 13
4.2.2.2 HIGHILOW TEST ..ottt e e e e e e e et e e e e e e e e e e e bb e eeeeeess bbb s eeesseersrranss 14
4.2.2.3 PRESSURE TRANSDUGCERS ... oottt e et e e e e e e e et s e e e e e reeaaaaaas 14
4.2.2.4 AID CONVERTER ..ottt ittt ettt e et e e e e e e et e e e e e e e ee e s b e e eessees bbb s eeessreraraanss 14
O Y L I O I = {0 ]\ [ 14
4.2.2.6 TEMPERATURE CIRCUIT ..ottt ettt e ettt s e s e e s s e et s s e e e s s e ee b s e e e s seerabaanes 14
4.2.2.7 CODE MEMORY CRC ... .ottt ettt e e e e e e e e et e e e e e e s e ee bbb eeeesseeraraanes 15
s B o @ N 1YL = 1 U | = = I 15
4.2.2.9 DISCRETE INPUTS ...ttt ettt e e e e e e e et e e e e e s e e e aab e e eeeseasbabaeseeeserereraanss 15
4.2.2.10 RAM WRITE/READ--BACK ....uuiiiiiiieeeie ettt ettt s e e e e e e et s s e e e s s e ae bbb e e eeseeeseraanas 15
4,2.2.11 FREQUENCY/DIGITAL CONVERTER .....uttttttiiiiiiiiiiiiiiiiiiiiiiiiiirrrereeereresarersess ... 15
4.2.3 PERFORMANCE DAT A ... ittt e ettt e e e e e ettt e e e e e e s e e st e e s e eeseeesabb e eeeesesebarareees 15
4.3 SOFTWARE OVERVIEW. ...ttt ettt e e e e et et e e e e e e s e e ea e s e e e e e eesab b e e eeeseeeraaaneeess 17
4.3.1 ADTA CRT DISPLAY OPERATIONS ..ottt ettt e e e e e e e e e e e e eababa e e 17
A4.3.2ADTARM OVERVIEW ... .ottt e e e e e e e et e e e e e e e e e e e e e e e e e ee e e eeas 19

E R N D AN 2 = @] =T = 19
4.3.3.1 ADTA USABILITY ST ATUS ..ottt e e e e et e e e e e e e e e e eeeeeeeeeaaaanns 25
e A e Y o 0 B 1 ) SRR 27
4.3.3.3 RIGHT SF (ADTA 2, 4) i itiiie ettt ettt e sttt e st e e e st e e e s ntta e e e snbtaeeesnssaaeesnssaeeennneeas 27
4.3.3.4 ADTA DATA CONVERSION ....cuiiiiiiieeeeee ettt e e et e e e e e e e e e e e e e e e e eeeaaaaaas 27
4.3.3.5 CENTER SF .o et e e e e et e e e e e e e et e e e e e e e e e s et eeeeeeeneanaanss 30
A.3.3.6 ADTA FDIR ..ot e et e et e e e e e e et e e e e e e e e aa e e eeeeseeesaraseeeaaeennes 30

N D N YN @ 1 = 36
4.4.1 ADS CALCULATION INITIATION. . .uuiii i ittt ettt e e e et s e e e s e e et s e e e s e s eesbabaseeeseeesssaanss 36
A4.4.2 ADTA ADS CALCULATIONS ...ttt e e e e e e et e e e e e e e e e et e e e e e s eenaenaanes 38
R N D SN o [ = O O @ ]\ [ O ] 41
4.4.4 NAVDAD SOP OVERVIEW ...ttt e et e e e e e e e e e e e e e e e e aeaaaaas 41
4.4.4.1 NAVDAD SOP DETAILED DESCRIPTION.......cciiiiiiitiei e e e s ee e e e e e e eeens 42
4.4.4.2 NAVAIDS/DEFAULT AIR DATA TRANSITION .....ootiiiie it eeneeens 52
4.4.4.3 LEFT/RIGHT AIR DATA CALCULATIONS FOR AVVI/AMI ....uuuiiiiiiiiiiiiieie e 53
4.4.4.4 NAV SELECTED AIR DATA FOR AVVI AND AMI...uuuuiiiiiiiiiiiiiee e eeneeens 54
4.4.4.5 ADTA OVERRIDE DISPLAY AIR DATA CALCULATIONS......uuoiiiiiiieieeieee e eeeeens 54
4.4.5 ADTA SENSOR SELF-TEST ...oiiittttiiii ittt ettt e e e e et e e e s e e e s e e e aab s e e e eesees bbb e s eeeseresesaanss 55
4.4.5.1 ON-ORBIT (OPS-8) ADTA SENSOR SELF-TEST ...ccciiiiiiiiiiiiie s ciiie et siree e siree e snnnea e 55
4.4.5.2 PREFLIGHT (OPS-9) ADTA SENSOR SELF-TEST .....ccvtiiiiiiiie sttt stree e 59

4.5 BACKUP FLIGHT SYSTEM ADS (ADTA HIP) ...ttt ettt e e st e e e e e e s nnnvnnne e e e e s 59
4.5.1 BACKUP FLIGHT SYSTEM ADS OVERVIEW ......oooittiiii ettt e e evanaans 59
4.5.2 BFS ADTA STATUS AND USABILITY oottt e e e e e e e s e e e e e e neanaanas 61
4.5.3 BFS DATA SELECTION AND CONVERSION ... .ottt e e eaaaaaas 62

4.5.4 BFS ADTA ADS CALCULATIONS ...ttt e e 65



4.5.5 BFS NAV-DERIVED ADS CALCULATIONS (NAVDAD) ......ciiiiiiiieiiiiiie et 65

4.5.6 BFS NAV/ADS AIR DATA TRANSITION ..ottt ittt 65
4.5.7 BFS AIR DATA PARAMETER FOR DEDICATED DISPLAYS ....cooiiiiiiiiiiee e 70
4.5.8 BFS AMI DATA PROCESSING ....coiiiitiiieeiiiete ettt 70
4.5.9 BFS AVVI DATA PROCESSING ....cocoiiiitiiiiiitee ettt 71
4.6 NOTES OF INTEREST ...ttt ettt et e e s st e e e e e e e e e e e e e e 72



List of Tables

Table 4- | ADTA BUSMDM MaITIX .cueuvrieiiirieeiesieieneseesesesessesesaesesesassesessssesessssesessssesessesessssssessssesesssssensssesensssesenses 10
Table4 - 11 ADTA Built In Test (BIT) MODE/Status Word ANNUNCIatiON..........cceveeeereeresnsieseseeeeseeeeseeseseesnens 12
Table 4 - [1] ADTA MOUE/SEEIUS WOIT ........oeeiiiiiieiiiieseeiese ettt sttt sttt st s b st sbe st ebesbeseebesbeneeneste e 16

Table 4- IV ADTA GAX ANNUNCILION .....cceeueeiirieiiteeeeteeeeeeesteeestessstesestesssbessssesssbessssesssbessssessssessssessssessssessssessssesssses 17



List of Figures

Figure 4 - 1 ADTA Functional BIOCK DIagram ........cceceieeieiiesesesteseseseeseesiessessessessessesseessessessessnsssssssssessessessessessens 2
(ST 01 (R ANT g DT iv= U = o oL I Tor- 1o o OSSR 3
Figure 4 - 3 Air Data Probe CONIOL .........ciicieiiese sttt e ettt re e e e e sa e tesaesnesseeneenseneenseneennnas 4
Figure 4 - 4 ADP Motor and Heater CONLIOl LOGIC. .. .ucuviieieieresestesieseseeseesiestesteseseesseseesessessessesnessessessessessessesanns 5
Figure 4 - 5 ADTA Probe ASSEMDIY (ADP)....c.coieie e ceteeee st st seesae e s e esae s e e esaestestesaesaeesesssensessessessesanns 7
FigQUrE 4 - 6 TYPICAI PrODE......cueiieieie sttt ettt e st st ae e e et e s ee st e s eesaeeseeneenseseesteseesaeeseeneensensesseneenanas 8
Figure 4 - 7 ADTA Interface Functional BIOCK DIagram .........cccccceveiiiiiieiecie e stesee e s see e s sae e seesneas 9
Figure 4 - 8 ADTA Functional BIOCK DIiagram ........ccceeeieierieresesesesesseeseeieseesteseessesseeseessessessessessessesssessesssssessenes 11
Figure 4 - 9 On-Orbit RGA/ADTA/RCS TESt DiSPlay.....cccveieerieriesiesiseeieseeseste st se s sreesee e sse st re e sseesseseseessessenns 20
Figure 4 - 10 PASS HORIZ SIT QiSPIAY veevveeereerieriesiesieseeieseesestestesesseeseeseesessestessesseesessessessessessessessessssssesssssessenes 21
Figure 4 - 11 PASS OVERRIDE DiSPIAY ....ccveuervieeieirieieneseesesesieseseseesesessesesessesesessesessssesessssessssssesessssessssssesessssessnsases 22
Figure 4 - 12 PASS GNC SYS SUMM L DiSPlay ....cceeereeieieesesiesiesesesseesessiestestese e sseessessessessessessessessssssesssssessenes 23
Figure 4 - 13 Air Data RM BIOCK DIiagIaM .....ccccceieiiesiiseeieieesiestestesesesseeseesessessessessesseesessessessessessessesssssessessessenes 24
Figure 4 - 14 Probe RM and USaDilitY........cccueieieieiiiiseee et e st sttt ene e e e neennenne e 26
Figure 4 - 15 Left/Right SEIECHION FIITEN.......c.ooiieece sttt ene e e e e e e neenre e 28
Figure 4 - 16 Data Conversion and Center SEleCtion Filter ..o ieve e 29
o 01 A I 7 e I SR 32
Figure 4 - 18 Center FDI and Threshold Percent COMPUEALION...........ccocvevereereresesesesreeeee e e sres e esaesee e see s 33
Figure 4 - 19 ADS Functional BIOCK Diagraim ........ccveiieeieieesesesieseseeseeseeieseestestessesseeeessessessessessessessesssessessessenes 39
Figure 4 - 20 ADS Calculation and USE CONLIOL .........cceieeiereerieriesieseseeteeseeieseeste e ssesseessesaessessesressesseeneessessessesseses 40
Figure 4 - 21 ADTA ADS CalCUIBLION .....ccueeuieieiesie e sie st ette e e steste s ese e e et estestestessesse e e essessestessesseeseeneenseseessessees 43
Figure 4 - 22 ADS HPC CONLIOL .....ccuiiuiiiiieceieieeses e ste st se et e e e steste e sseesee e essestestestesseeseensessesessessesaeeseeseensessessensenes 50
Figure 4 - 23 NAVDAD CalCUIALIONS ......ccuecuieieiesie i seetee e ste e ste s ese e e e stestestessesse e e essessessestesseeseeseenseseessnssenes 51
Figure 4 - 24 G&C ADS Transition and CONLIOL.........cceieeieieerere st ee ettt ere e e e e neesae e e 53
Figure 4 - 25 ADTA ADS Left/Right CalCUIALIONS ........ccueeuieeeiesie sttt st e e e naesae e 56
Figure 4 - 26 RM SeNSOr CalCUIBLIONS.........ecuveieeieriesiesieseeseeieesiesteste s e sseeseeeesseseessestesseeseessessessessessesasesesseensessessensenes 57
Figure 4 - 27 Prelaunch RCS/RGA/ADTA TSt DiSPlay ..cuvccveveeieviisiie et e et 58
Figure 4 - 28 ADTA HIP Functional BIOCK Diagram........cccuccuerereiesieieeteeieeesiestesesaessessesesaesse e ssessesseesesssssesseses 60
Figure 4 - 29 BFS ADTA Status and USAi Ity .....ccueceieieeieiecese st sttt sne e neesae e 63
Figure 4 - 30 BFS Data SEleCtion and CONVEISION.........ccveuieeerieriesiesesieeteeseeieseestestessessesseessessessessesssssesssessesssssessenes 64
Figure 4 - 31 BFS ADS CalCUIALIONS........ccviueeeeiesestestesieeteeseesiesteste s e sseeseseessessestestessessesseessessessessessessesssensessnssessenes 66
Figure 4 - 32 NAV-Derived ADS Calculation (NAVDAD) ..ot ceeieeiesieste et stesseeae e sse e snesse e esesaessesseses 67
Figure 4 - 33 BFSNAVAIDS Air Data Transition CONIOl .........ccccvieieeeeieeese st eeae e sae s 68

Figure 4 - 34 BFS NAV/ADS Air Data TranSItiON......cccieeeeeeieriesiesesesteseeseseeste e saesreseeseessessessesaessesseessesssssnsseses 69



SHUTTLE OPS ORIG: J. WYRICK ADTA
GNC/JSC-18863 7/06/2005: FINAL SB 4.0

SECTION 4

AIR DATA TRANSDUCER ASSEMBLY

4.0 AIR DATA SYSTEM INTRODUCTION

The air data system (ADS) provides information relative to the movement of the Orbiter in the air mass to
guidance, navigation and control (GNC) for Orbiter control, and to dedicated displays for crew monitoring.
The air data system functional block diagram is shown in figure 4-1.

Beginning with STS-99, the old Air Data Transducer Assembly (ADTA), was replaced with the Advanced
Air Data Transducer (AADT). The ADTA Nomenclature was retained to avoid costs associated changes
to on-board software, flight data file, and other documentation. A gradual deployment is planned with an
AADT being flown in slot 1 of STS-99, 101, and 103, and a full four AADT deployment on STS-92. This

brief will continue to refer to the LRU’s as ‘ADTA’, even though they are technically ‘AADT’s’.

4.1 HARDWARE OVERVIEW

There are two deployable air data probes (ADP’s), one on the left side and one on the right side of the
Orbiter. When stowed, the probes are in the forward compartment underneath the Orbiter skin (fig. 4-2).
Each probe contains ports (holes) which sense four pressures: PS (static), PaC (center or total), PaL
(alpha lower), and PaU (alpha upper). In addition, each probe has a total temperature head, which
contains dual sensors to measure temperature resistance, and three heater elements to prevent ice
and/or moisture buildup. Pressures and temperatures sensed by the probe go to four independent air
data transducers assemblies (ADTA'’s): The left probe is connected to ADTA's 1 and 3 and the right
probe to ADTA’s 2 and 4. Logic circuitry within each ADTA processes the pressures and temperature,
and also performs internal hardware status checks for output to the data processing system (DPS). The
pressures are used in software calculations to determine other air data parameters used by GNC during
the terminal area energy management (TAEM), approach, and landing phases of entry.

4.1.1 ADS Hardware System Description

4.1.1.1 Air Data Probes

The ADP’s are independently deployed by placing the ADP switch to the desired position (fig. 4-3). A
deploy request results in closures of the dual series relays in the forward motor control assemblies
(FMCA's), thus allowing three-phase ac power to the probe motors (fig. 4-4). The motors, through
differential gearing, are mechanically linked to an actuator which rotates the probe outward so that it faces
forward. When the probe is fully deployed, the arm of the actuator trips the deploy limit switches within the
probe assembly. Closure of the deploy limit switches is fed back (inverted) to the deploy driver logic, thus
opening the relays and removing power from the motors. The stow limit switches immediately open upon
movement of the ADP from the stow position. The ADP is shown in figures 4-5 and 4-6.

Positioning the ADP switches to DEPLOY/HEAT allows one set of series relays in the forward power
control assemblies (FPCA's) to close. When the probe is fully deployed, the same signal used to open the
motor relays is also utilized to close a second set of series relays in the FPCA's, thus allowing 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 probe switch. The
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only other difference for stowing is that two phases of the motors are reversed. The status of each limit
switch, deployed or stowed, is transmitted to the multiplexer/demultiplexer (MDMs).

AIR DATA

PROBES | TRANSDUCER AsseEmBLIES DATA PROCESSING SYSTEM | CREW DISPLAYS AND CONTROLS
| | |
| . | PNL F6
DATA/STATUS,
DATA
I ADTA < > MM ¢— GPC'S |
AWV
| <—T T | AMI
| DEPLOY/STOW STATUS | | | T T
I |
PRESSURES : | DDU J
A
l _|> DATA : HORIZ SIT
[ ADTA _DATA/STATUE ~ MDM GNC SYS SUMM 1
| > 3 <3 | FF3 ) —t OVERRIDE
*REDUNDANCY RGA/ADTA/IRCS
I | MANAGEMENT |
I | RM) L > CRTS
| | *SUBSYSTEM |
OPERATING
| | PROGRAM I 8
— (SOP)
! ADTA _DATA/STATUS_ MDM DATA ‘fl KEYBOARD
I 2 < > FF2 |
I I I  /
| DEPLOYISTOW STATUS | |
/ PRESSURES | | DDU l l
T
PNL F8
< | | |
<
RIGHT < | I AWVI AMI
| L ADTA DATASTATUST MDM _DATA |
4 T FF4
I < | AIR DATA (LEET/ NAV / RIGHT)
I | I
ADTA POWER
AIR DATA PROBE (DEPLOY HEAT / DEPLOY / STOW) PANEL
AIR DATA PROBE STOW (ENABLE / INHIBIT) SWITCHES

Figure4 - 1 ADTA Functional Block Diagram
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There is redundancy in the electronics and probe motors to ensure operation in the event of failures.

Only one of the two motors is required to deploy or stow a probe. The deploy time for two motors is 15
sec; and for one motor, it is 30 sec. Other redundancy is provided in series relays in the FMCA so that if a
driver fails closed, the other driver will open the path and remove motor power. The addition of the
enable/inhibit switch allows power to be removed from the stow circuits in the inhibit position to eliminate
the possibility of a single limit switch failure causing actuator damage.

The ADP’s, one per Orbiter side, are located as shown in figure 4-2. Each probe consists of a pressure
head, total temperature (T) head, mast, and heaters as shown in figures 4-5 and 4-6. The pressure head
is comprised of a series of ports (holes) which sense pressures (PaC, PaU, PaL, and PS). Stagnation
temperature or T is provided by dual temperature-sensitive resistive elements located in the T-head. A
mast provides the structure to which the pressure and T-heads are mounted and serves as the interface
with the actuator system. Each probe contains three heaters for purposes of de-icing. There is one
heater in the vicinity of the pressure head, a second in the T-head, and one in the area of the mast.
Heater activation, to prevent icing, is under the control of the crew. Operating on a maximum of 32 volts,
the heaters will expend up to 1300 watts of power when activated.

Although the intent of the heaters is to prevent icing on the probes during entry, studies have shown that
because of the aerodynamic heating effects on the probes, ice cannot form on them. With the probes in
the deployed position during entry, the differences between the probe temperatures with the heaters ON
and OFF is nearly negligible. However, if the heaters are used, then the ADP switch should be placed in
the DEPLOY position postlanding, thus turning the heaters OFF and allowing the probes to cool. Note also
that the use of the heaters will have no effect on the pressure data and the ADTA SOP calculations of the
flight control parameters will be unaffected (ref. RI/D Memo No. SAS-TA-RCC-83-023, Thermal Analysis
of the Air Data System (ADS) Probe with Interal Heaters; and Operational Space Shuttle Orbiter Heater
Systems, JSC-18549, July 1988).

4.1.1.2 ADTA

The ADTA's receive 28 V dc power through circuit breakers shown in figure 4-7 which set a power-on
discrete sent to the general purpose computer (GPC) through the flight-critical MDM’s. ADTA MDM/bus
loss matrix (table 4-I) provides a quick-look reference to determine the effect of power bus/MDM failures
on the ADS system operation. The matrices are set up with all ADTA redundant components listed along
the top in vertical columns. Along the side in horizontal rows are listed all the power buses and the flight-
critical MDM’s. An X in a given column and row indicates that a failure of the power bus or MDM labeled
in the left-hand column for that row will result in the loss of the equipment or redundancy labeled at the top
of that column. The ADTA's are located in the forward avionics bay (ADTA 1 and 3 in bay 1, ADTA 2 and
4 in bay 2) and radiantly cooled.
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The pressure and total temperature processing is shown in figure 4-8, ADTA functional block diagram.
Pressures sensed at the ports are transmitted via pneumatic lines to the two ADTA'’s associated with the
probe. The raw pressures are applied to a quartz diaphragm in the pressure sensor. The deposited metal
on the transducer diaphragm acts as a variable capacitor as the diaphragm flexes with changes in
pressure. An oscillator frequency, determined by the sensor capacitance, is then converted to a serial
digital signal in the transducer Frequency/Digital (F/D) converter. These digital data (equivalent to sensed
pressure) are sent to the Central Processing Unit (CPU). A transducer temperature measurement,
calibration slope and offset data are also sent to the frequency to digital (F/D) converter and then to the
CPU. The processor then linearizes and corrects the probe-sensed pressure measurement using
temperature and calibration data.
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Figure4 - 8 ADTA Functional Block Diagram

The resistive temperature measurement from the probe is applied to two identical temperature bridge
circuits in the ADTA and converted to two total temperature analog signals. The two total temperature
signals are sent to the A/D converter, changed from A/D, and then stored in the CPU.
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4.1.2 ADTA BITE PROCESSING

Internal status checks and monitoring are also performed by the processor at power-up and during each
cycle as part of the built in test (BIT) equipment circuitry. The processor performs reasonability checks on
other components (e.g., power supply) and on the received pressures and temperature. In the event of an
out-of-tolerance condition, a falil bit is set in the ADTA mode/status word. At the end of each
computational cycle, PS, PaL, PaU, PaC, temperature, and the mode/status word are transferred to the
Manchester Input/Output circuit, and the next cycle begins. By specification, the BIT failure detection
reliability is at least 90%.

In addition to performing continuous BITE tests, each ADTA can be commanded to perform a high or low
self-test. The self-test request from the MDM is validated in the processor and causes two actions. First,
a set of constants, high or low values, are output from the processor for PS, PaU, PaL, PaC, and
temperature. Secondly, the processor performs comparison checks on the sensed pressure
measurements and compares them to a threshold. An out-of-tolerance condition results in a fail bit being
set in the mode/status word. As is the case during continuous operation, the self-test results are
transferred to the Manchester Input/Output circuit and finally to the MDM.

The structure of the ADTA mode status word is shown in table 4-1l. The ADTA DG (bit 1) is utilized to
drive a crew status indicator on operational sequence OPS 8 SPEC 41 and OPS-9 SPEC 102. The ADTA
DG bhit is set to ‘0’ (fail) whenever any of bits 2, 5 through 10, or 11 through 16 indicate a fail condition.

Table 4-1l outlines the individual BIT programs, the frequency of their execution, and what mode/status

word bits will be set during a fail condition. The following sections describe the BIT sequences that drive
the individual bits of the mode/status word.

Table4- 11 ADTA Built In Test (BIT) MODE/Status Word Annunciation

ke]
© o] O -8 Q 9
K] 3 B |lo S |o S x| o 8 8
o slelg|z|a|8|8|92(|9|a|9O
© 019138 5 S |= 2|23 |2 a
Test / Mode/Status Bit o |0 |« gl8la|2|5|8|8|E|2|8|2 |8
alcl|Bla|2|218S|8|z|lc|cgl2|a|e|2|s|E
S|P |8 |x |55 ]|¢° 2|15 (=2]18 |2
S5l |52 1%I218|5(8|e|8la|=12]8 9
al3|2|8|2 |2 |lolX|alel5|B|8l2a|z|a|Q|=]|B
< |||l || |S|W||O|laldflg|( |8 |7 |8
dla|lo s |v]o 2|2 |C (o |alw]on s |0 |o© Sl =
~ |~ ~l~l~~]~ M e} o — — — — — — — 2 2 7
DI vl ]|d O |lalalcalalalalalal~lalo |3 |d
i ||| |ele|iljleield el |a|a]|r
Watchdog Timer Test X X X
Watchdog Time-out X | X
Power Shut Down Circuitry Test X | X X
Invalid Power-up State Test X | X X X
Radiation Intervention Circuitry X | X X
Current Range Test
RAM Write/Read-back Test X X X
NVM Write/Read-back Test X X | X
Code CRC Test X X X | X
Sensor Characterization Data X X | X | XX X X
ROM Power-up Test
Sensor Characterization Data X X | X | X ]| X X X
Periodic Test
Pressure Count Test X X | X X ]| X X
Pressure Count Cross-Check X X | X | XX X
Power-up Test
Pressure Sensor Cross-Check X X[ X ]| X | X[ X]X X
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Temperature Count test
Temperature Count Cross-Check
Test

F/D Power-up Test

F/D Conversion Complete
Manchester Output Serial Device
Power-up Test

Manchester Output Serial Device
Periodic Test

Oscillator Cross-Check Power-up X X[ X | X[ X X X X
Test
A/D Test X X
Total Temperature Circuit Test
Total Temperature Circuit Cross-
Compare Test

Discrete Input Test

Power Supply Voltage Test
Pressure Sensor Supply Voltage
Test

Linear Reference Voltage Range
Test

Distributed Voltage Range test X X X

XXX XX
XX XX
XX XX
XX XX
XX XX

x
X
X X X X

X X X
x
x
x
x
x

X X X

X
X
X

4.1.2.1 RADIATION INTEVENTION CIRCUITRY

During power up and periodically during operation, the ADTA BIT performs a checkout of the radiation
circumvention circuitry. This circuitry is required to clear Single Event Latch-up (SEL) conditions in un-
hardened circuitry, specifically the CPU, frequency/digital (F/D) converter, analog/digital (A/D) converter,
and the Manchester Input/Output (I/O) circuit. SEL conditions result from ionizing radiation disrupting the
previously mentioned integrated circuits. The radiation circumvention circuit performs a power cycle of the
ADTA electronics (“warm start”) fast enough (35.7 msec) not to cause an I/O error at the MDM (40 msec
cycle). Note that depending on the timing of the MDM polling and the SEL, a single I/O Error “hit” is
possible and will be registered by the GPC. Two consecutive I/O Errors are necessary to generate a
bypass condition, requiring an ‘I/O RESET’ to re-establish communication. The circuit will continue to
attempt to clear the latch-up for 4 occurrences accumulated since the last power-up, and will power down
the ADTA after a 5™ unsuccessful attempt, resulting in a commfault. The only recovery option is to power
cycle the unit in an attempt to clear the latch-up condition. Based on current draw of the monitored
circuits, the Radiate Circuit Good bit will be set to ‘1’ (fail), indicating the radiation circumvention circuitry
has failed to act upon a latch-up condition. Results of the failure to clear a latch-up condition depend on
the affected circuit.

For a latch-up in the F/D converter, pressure transducer data will be lost, resulting in one or more of the
following bits being set to ‘0’ (fail): Alpha 1 Transducer Good (bit 5), Alpha 2 Transducer Good (bit 6),
Total Pressure Transducer Good (bit 7), and Static Pressure Transducer Good (bit 7). The BFS will
downmode for any of these pressure BITE conditions.

For a latch-up in the CPU, response is unpredictable. The ADTA may output erroneous data.

For a latch-up in the A/D converter, total temperature data will be lost, but there will be no change in the
mode/status word. Note: the temperature circuit is only used for calibration of the pressure transducers
and not used in air data calculations. The A/D converter also processes BIT data, so this condition could
result in a loss of some BIT processing. See A/D Converter BITE.

If the Manchester I/O circuit goes into latch-up and fails, the ADTA will not respond to a poll request from
the MDM and result in a commfault.
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The Radiation Circuit Good BITE in the mode status word is set whenever current levels indicate a latch-
up condition is present. These currents are monitored through the A/D converter, and an A/D Converter
BITE will result in this test being masked (and as a result the Radiation Good BITE since this is the only
test driving that BITE). The radiation circuit is not affected by a loss of A/D Converter, and will continue
operating even though BITE fault detection is lost. Note: there is a 2.5 V reference used in the radiation
circuit, but it is sourced from the 1/0 board and independent of the 2.5 V reference voltage used in the A/D
BITE tests.

4.1.2.2 HIGH/LOW TEST

High and Low test is initiated by crew command from SPEC 41 as part of FCS checkout, or during
prelaunch in OPS 9. During high test ( P > 25 in. Hg), the transducer is declared failed if it differs by more
than 0.04 in Hg from the other sensors. During low test (P < 25 in Hg), failure is declared if it differs by
more than 0.08 in Hg. The appropriate pressure bits (5 through 8) are set to indicate which transducer
has failed.

4.1.2.3 PRESSURE TRANSDUCERS

These bits will be set during various periodic, power-up, and self test initiated BIT programs. Depending
on which test is in progress, one or all can be enunciated. For F/D and oscillator failures, all pressure bits
can be expected to indicate ‘fail’ (“0”). During pressure tests, the failed transducer(s) would enunciate fail.
Unlike the previous generation ADTA, a pressure rate check was not included in the AADT design since
RM is expected to detect any pressure variation and remove the appropriate ADTA from the selection
filter.

4.1.2.4 A/ID CONVERTER

The Analog/Digital BIT is a periodic test which performs range checking on a 2.5 V reference voltage the
A/D ground reference. A raw count outside the allowed range results in a failure of the A/D test. The A/D
converter processes voltage inputs to the MC 68332 microprocessor from selected locations within the
ADTA circuitry. The A/D BITE itself means that the 2.5 V A/D reference, and other voltages being
monitored by BIT through the A/D are suspect. These include the +15, -15, +5 V supplies, and linear
reference voltages. The +5 V provides central power for all integrated circuits (Vcc input). Thus, a real +5
V supply problem would result in a bypass (commfault) of the ADTA since the Manchester I/O would lose
power. The +/-15 V provides the +/-10 V input voltages for the pressure transducers. A failure of the A/D
Converter BITE will inhibit the Power Supply Voltage Test and Pressure Sensor Supply Voltage Test
which drive the Power Supply Good BITE (see below) and Pressure Transducer BITEs (although other
built in tests will continue to drive the pressure BITEs if found out of tolerance). A self test can confirm
health of the pressure circuits. The Linear Reference Voltage Range Test and Distributed Voltage Range
Test also rely on the ground, 2.5 V, and 5 V indications provided by the A/D converter. These tests drive
the Electronics Good BITE condition, and are also inhibited in the presence of an A/D Converter BITE.

4.1.2.5 ELECTRONICS

During power-up, the Watchdog Timer Test, Non-Volatile Memory (NVM) Test, Manchester Output Serial
Device Power-Up Test, and Oscillator Cross Check Power Up Test will set this bit for a fail condition. The
Manchester Output Serial Device Test, Linear reference Voltage Range Test, and Distributed Voltage
Range Test are performed periodically, and will result in a ‘0’ (fail) state. The presence of an A/D
Converter BITE will inhibit the Linear Reference Voltage Range Test and Distributed Voltage Range Test.

4.1.2.6 TEMPERATURE CIRCUIT

The temperature circuit tests are performed periodically and at power-up. They do not set any of the
mode/status words to fail (the old ADTA’s set bit 11). This bit is not set for any of the BIT sequences.
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4.1.2.7 CODE MEMORY CRC

A code memory cyclic redundancy check (CRC) is performed at power up and periodically to check
utilized code storage memory locations.

4.1.2.8 POWER SUPPLY

The power supply bit is set periodically by the Power Supply Voltage Test and the Pressure Sensor Supply
Voltage Test. The former checks the power supply £15 and +5 V circuits, and the latter the pressure
sensors +10 V circuits. Allowable ranges for the tests are:

+15 V Power Supply 12.75to 16.50
-15 V Power Supply -16.50 to -12.75
+5 V Power Supply 4.6510 5.30
+10 V Power Supply  9.0t0 11.2

-10 V Power Supply -11.2t0-9.0

Presence of and A/D Converter BITE will inhibit the tests driving this BITE, however a lack of commfault
and successful completion of self test is available to verify performance of the circuit being monitored by
the lost BITE condition.

4.1.2.9 DISCRETE INPUTS

The Discrete Input Test periodically reads the contents of the Manchester status register bits 0 through 3
and compares bit 0 with the complement of bit 2, and bit 1 with the complement of bit 3. If the bits do not
compare with each other, the discrete input test fails and the mode/status word updated to reflect the
condition (bit 14 set to ‘0’). The purpose of this test is to verify the ability to command self test, which
requires complementary inputs to generate a valid self test command.

4.1.2.10 RAM WRITE/READ-BACK

The RAM write/read-back test is performed only at power-up and consists of a sequence of write and
reads to each memory address of the static RAM (SRAM) and external RAM (ERAM). The sequence
verifies the patterns of FFFF (HEX), AAAA (HEX), 5555 (HEX), and 0000 (HEX) can be successfully
written to each address. Failure of any read-back results in the RAM Memory Good bit (bit 15) being set
to ‘1’ (fail). After power-up, the RAM Memory Good bit does not change.

CPU response to this failure is unpredictable and the CPU may continue to complete its processing and
output erroneous data.

4.1.2.11 FREQUENCY/DIGITAL CONVERTER

The F/D circuit is tested during the Oscillator Cross-Check Test at power up. Only this test will set this
BITE in the mode/status word. Other BIT sequences and failures result in other mode/status word bits
being set to ‘fail’ (the four pressure bits), and used as a verification of the health of the F/D converter.

4.1.3 PERFORMANCE DATA
Some of the performance data and operational limitations are listed below.

a. Performance envelope

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

b.  Probe deploy time
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2 motors 15 sec
1 motor 30 sec
c. Maximum probe actuator load 375 Ib/ft2
d. ADTA warmup time 3 sec
e. ADTA operating temperature -20° to +120° F
f. Power
Probe heaters 1300 W per probe (max)
ADTA 12w
Table4- 11l ADTA Mode/Status Word
Status Word Bits: 1 2 3 4 56 7 8 910111213141516
Nomina: 1 000111111 111100
BIT1 ADTA GOOD 0 = FAIL. DRIVEN BY SELECTED BIT FAIL CONDITIONS
BIT 2 ADTA RADIATE CIRCUIT GOOD 0=GOOD. FAILURE TO CLEAR LATCH UP CONDITION
BIT 3 HIGH TEST MODE HIGH TEST CMD FROM OPS 8 SPEC 41 OR OPS 9 SPEC 102
BIT4 LOW TEST MODE LOW TEST CMD FROM OPS 8 SPEC 41 OR OPS 9 SPEC 102
BIT5 PalL TRANSDUCER GOOD REASONABLENESS TEST 0-45.5in. Hg
OPS 8 PaL-PaU COMPARISON TEST +/- 0.080 in. Hg
BIT 6 PaU TRANSDUCER GOOD REASONABLENESS TEST 0-45.5in. Hg
OPS 8 PaU-PaS COMPARISON TEST +/- 0.080 in. Hg
BIT7 PaC TRANSDUCER GOOD REASONABLENESS TEST 0-45.5in. Hg
OPS 8 PaC-PaL COMPARISON TEST +/- 0.080 in. Hg
BIT 8 PS TRANSDUCER GOOD REASONABLENESS TEST 0-32.5in. Hg
OPS 8 PaS-PaC COMPARISON TEST +/- 0.080 in. Hg
BIT9 A/D CONVERTER GOOD A/D REFERENCE VOLTAGE TEST
BIT 10 ADTA ELECTRONICS GOOD OSCILLATOR, I/0, REFERENCE VOLTAGE, AND NVM TEST
BIT 11 ADTA TEMP CIRCUIT GOOD NEVER SET. TOTAL TEMP REASONABLENESS TEST (TEMP NOT USED
IN AD CALCULATIONS)
BIT 12 ADTA CODE MEMORY CRC NVM AND ROM ADDRESS CHECKSUM
BIT 13 ADTA POWER SUPPLY GOOD PRESSURE SENSOR AND RADIATION CIRCUIT SUPPLY
VOLTAGE CHECKS
BIT 14 ADTA DISCRETE INPUTS GOOD SELF TEST CMD CAPABILITY CHECK
BIT 15 ADTA RAM MEMORY GOOD 0 = GOOD. POWER UP MEMORY WRITE/READ CHECK
BIT 16 ADTA F/ID GOOD 0=GOOD. POWER UP F/D OSCILLATOR CHECK
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4.2 SOFTWARE OVERVIEW

ADTA redundancy management (RM) and subsystem operating program (SOP) (fig. 4-1) are the major
software modules or processes associated with the ADS. RM software validates the ADTA’s to ensure
that a failed component is removed and also reduces multiple data from the ADTA's to a single output set.
The ADTA SOP contains the algorithms which generate air data parameters for GNC and dedicated
displays. The alpha/Mach indicator (AMI) and altitude/vertical velocity indicator (AVVI) are the dedicated
displays which provide air data related information to the crew. Cathode ray tube (CRT) displays rate gyro
assembly (RGA)/ADTA/reaction control system (RCS), OVERRIDE, GNC SYS SUMM 1, and HORIZ SIT
monitor and control the ADS. The ADTA software processing rates for major mode (MM) 304, 305, 602,
and 603 are as follows.

RM 1.04 Hz
SOP
ADS CALC 1.04 Hz
ADS LEFT/RIGHT CALC (AMI,AVVI) 1.04 Hz
RM SENSOR CALC (OVERRIDE DISP) 0.5Hz
NAVDAD 1.04 Hz

ADTA RM also provides a dilemma signal to the caution and warning (C&W) system and fail signals to the
systems management (SM) alert system. The fault summary messages (FSM’s) generated by the ADTA
RM are shown in table 4-11l, ADTA GAX ANNUNCIATION.

If the ADTA loses power, the transfer of the serial digital data to the GPC will be terminated (bypassed),
and the following FSM will be generated in OPS G1, 3, 6, and 8.

BCE STRG 1 ADTA
BCE STRG 2 ADTA
BCE STRG 3 ADTA
BCE STRG 4 ADTA

Table4- IV ADTA GAX Annunciation

ALRM Message-Text
OPS N Cc 1 MSG
MML No. LVLB Nomenclature Source avail F L D ID Major Min
VI0X5001X G15001 ADTA1lFAIL ADTA RM 36
VO0X5051X  G15002 ADTA 2 FAIL ADTA RM 36
VO0X5101X  G15003 ADTA 3 FAIL ADTA RM 36
VO0X5151X  G15004 ADTA 4 FAIL ADTA RM 36
VI4X4737X ADTA 1/2/3/4 FL MSG 36 3 7 13644 RM FAIL ADTA
V90X4840X DELAYED ADTA DLMA FLAG  ADTARM 36
V94X4738X ADTA DLMA MSG 36 2 7 13844 RM DLMA ADTA

4.2.1 ADTA CRT DISPLAY OPERATIONS
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The CRT displays that provide a means for monitoring and controlling the ADS are as follows. Numbers
in parenthesis correspond to number on figures 4-9 through 4-12, respectively.

a. SPEC 41 OPS 8 RGA/ADTA/RCS (fig. 4-9)

(1) ADTA. Forthe ADTA’s PS, PaC, PaU, and PaL in in. of mercury and total T in degrees
Celsius are displayed while testing is in progress. A status parameter by each value will be
driven with an (M) to indicate missing data, an up arrow ( ) to indicate fest data too high, a
down arrow ( ) to indicate¥est data too low, or blank if data are normal. ADTA status

(STAT) shows BITE (double overbright), or blank. The BITE status is a reflection of the ADTA
Data Good bit (mode/status word bit 1). If BITE is displayed, it will be blanked if the error
condition is corrected. Whether or not testing is in progress, items 5 through 8 may be
used to deselect or select the corresponding sensor as a candidate for the selection filter (SF)

during ENTRY (OPS 3). An asterisk (*) beside the item number indicates that the
corresponding ADTA is deselected.

b. SPEC 050 OPS 3, 6 HORIZ SIT (fig. 4-10)

(1) Item 9, the ALTM data field, shall provide the capability to input the landing field barometric
altimeter setting corrected to mean sea level. The display is initialized the first time with this
parameter set to 29.92 in. Hg, and, thereafter, shall reflect crew inputs.

(2) The RESID column contains the residual data value for each component of each data type
that is being processed by the navigation (NAV) filter. The residual is formed in navigation
by subtracting the NAV estimate of the data from the SF output of the data. (It should be
noted here that NAV uses the composite data output from the SF as inputs to the NAV filter
so that no distinctions are made as to the LRU source of the data to the NAV filter. In the
two-LRU cases, the LRU data are averaged so that the data cannot be distinguished as to
LRU. The residual value gives the crew an indication as to how well the data and the NAV
estimate of the data agree. However, this data alone cannot identify whether the data or the
NAV estimate of the data is in error.

(3) The RATIO column contains the edit ratio computed in navigation as the ratio of the data
residual to the maximum allowable residual. If this ratio is less than one, the residual edit
test performed by navigation on the data is passed, and the data are subsequently used to
update the state vector. If the data fail the residual edit test, the ratio will be displayed as a
number equal to or larger than one and will not be used to update the state vector. Thus, the
edit ratio and the ratio parameter status indicators give the crew an indication of whether a
particular data type is being incorporated into the state vector. The residuals and edit ratios
are computed by NAV each NAV cycle and are available for display. When data are not
being processed by the NAV filter, the residual and ratio data fields for that parameter shall
be blanked. A parameter status indicator column to the right of the RATIO will contain a
down arrow when the parameter has failed the update edit test. The down arrow will
disappear when the edit test is passed by a predefined percentage of good data. The
parameters defining percentage of good data are I-loaded.

(4)  There are three filter control options: automatic (AUT), inhibit (INH), and force (FOR) which
the crew can exercise on three data types: TACAN (TAC AZ and RNG), drag altitude
(DRAG H), and baro altitude (ADTA H) to update NAV. Items 19, 22, and 25 allow
navigation to automatically select data to be used if it passes the edit test. Items 20, 23, and

26 (INH) preclude updating the state vector with the RM-selected data, but these data are
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used to generate the displayed residual and ratio values. Items 21, 24, and 27 (FOR) shall
override the edit and force the data to be used to update the state vector if the data are
being processed by the NAYV filter. Items 19-21, 22-24, and 25-27 are mutually exclusive.
An asterisk (*) appears next to any Iltem (19-27) that has been selected. The display will be
initialized with items 20 (INH), 22 (AUT) and 26 (INH) selected.

(5) Items 28-30 provide control over the source of air data parameters to guidance and flight
control. Item 28 (AUT) provides auto transition from NAV-derived air data to ADTA. Item 29
(INH) inhibits the ADTA data. Item 30 (FOR) forces the use of ADTA data. These items are
mutually exclusive. In “AUT”, MACH must be less than 2.5 to process ADTA parameters.

The display will be initialized with item 29 (INH) selected.

c. SPEC 051 OPS 304, 305, 602, 603 OVERRIDE (fig. 4-11)

Q) For each of the four ADTA LRU'’s, the following data are displayed to the crew cyclically to
allow them to determine whether an LRU failed by RM is in agreement with the other LRU’s
and should be reselected or to aid in solving RM dilemmas: ADTA derived altitude in feet,
ADTA-derived angle of attack in deg, and ADTA-derived Mach number. A parameter status
column after the LRU ID number shall be blank for normal operation, display a down arrow
(V) for an RM declared failure or crew deselection, display a question mark (?) for an RM

dilemma, or an M for missing data. There are four item numbers (34, 35, 36, 37) which

allow the crew to reselect an LRU for use by the ADTA SF. These items are legal in MM

304, 305, 602, and 603. Execution of these items in OPS 1, MM 301, 302, 303, or 601 will

result in an ILLEGAL ENTRY message.

d. DISP 018 OPS 3, 6 (ADTA) GNC SYS SUMM 1 (fig. 4-12)

Q) For each LRU, input/output (I/O) errors, failure, manual deselection, and dilemma status
indicators shall be displayed. For all LRU'’s, failure and manual deselects shall be ORed.

The status output for each LRU will normally be blank. For failures detected by RM or

manual deselects, down arrows ( ) shallbe output. Question marks (?) shall be output for
each LRU in the voting logic if a dilemma (disagree and/or fault detect) is declared. If the

data for any sensor is missing (I/O error), the COMM fault (CF) shall be reflected by the

output of an M status indicator.

4.2.2 ADTA RM OVERVIEW

ADTA’s 1 and 3 are connected to the left ADP, and ADTA’s 2 and 4 are connected to the right ADP. The
ADTA RM block diagram (fig. 4-13) shows the data flow from redundant inputs to the selected output. In
addition to the SF, the FDIR determines the data used in the SF process. The ADP RM and ADTA
usability status determine configuration for FDIR and SF. FDIR usability works on an LRU basis. RM can
be broken down into left, right, and center data pairs. The data sets used in RM are PS, PaC, PaU, and
PaL. The failed ADTA’s and ADS dilemma may be reset by the crew select/deselect command.

4.2.3 ADTA PROBE RM

The ADTA probe RM function is shown in figure 4-14. The purpose of the ADP RM is to determine if one
or both probes are deployed and to provide this status to other software functions. The ADTA SOP and
RM are contingent upon probe RM software to determine when a deployed state exists for either probe.
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The probe deploy status for each probe is a logical function of the two redundant deployed discretes (D1,
D5), two redundant stowed discretes (Sq, Sp), and their associated CF status as shown.

ﬂxx></041/ RGA/ ADTA/ RCS XX X DDD/HH:MVISS\
X X DDDY HH: MM SS

DES STAT R P Y
RL 1IX XXXX  +XX. XS +XX. XS +XX. XS
@ 2X XXXX XX XS XX XS XX XS
A3 3X XXXX XX XS XX XS +XX. XS
44X XXXX XX XS XX XS +XX. XS

DES STAT PS PaC PaU PaL T
AL 5X XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX. XXS
D3 B6X XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX. XXS
T2 7X XXX XX XXXS XX XXXS XX XXXS XX XXXS XX, XXS
A4 BX XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX. XXS

TEST H 9X LOW 10X STOP 11X

RCS DRI VERS
RJDF 12X TEST EXEC 15X TEST XXXX
RIDA-A 13X CONTI NUE 16X JET XXX
-B 14X STOP 17

o S

Figure 4 - 9 On-Orbit RGA/ADTA/RCS Test Display
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XXX /050 / Y HORIZ SIT XX X
ALTM DDD/HH:MM:SS
PTI XXX
INEX XX 9 XXXX e
XXX
+ XXXXXX
AY 11
XXXXXKXXXXX XX +XXXXXX
41 XXXX SITE A7 12
PRI - XXXX +XXXXXX
SEC XXXX AX 13
TAC XXX FXXXX
AY 14
o .
HSI X o A2 15
XEP FXXXX
AIM XXXX 8 AN LOAD 16
SB XXXXX 18 AT +XX.XX
NAV RESID |RATIO|AUT [INH [FOR [ TACL XXX | TAC2 XXX| TAC3 XXX
TAC AZ [+ XX XX |XX.XS|19X [20X |2IX [ +XXX.XXS[+XXX.XXS[+XXX.XXS
RNG [ +XX.XX |[XX.XS EXXXXXS [+ XXX XXS[+XXX.XXS
DES 31X | DES 32X | DES 33X

DRAG HEXXXXX |XX.XS| 22X | 23X | 24X
ADTA H[FXXXXX [XX.XS| 25X [26X [ 27X HUD 37L X ABS 34X

DTA TO G&C 28X 29X [30X 3BRX XXXX DELTA 35X

Figure4 - 10 PASSHORIZ SIT display
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XXXX/ 051 OVERRIDE X X X DDD/ HH: MM S S
DDD/ HH: MM S S
ABORT MODE ENTRY FCS
TAL 1X ELEVON FILTER ATMOSPHERE
ATO 2 X AUTO 17X NOM 20X N O M 22X
ABORT 3 X FIXED 18X ALT 21X N POLE 23X
MAX THROT 4 X SSME REPOS 19 X X X S POLE 24X
IMU STAT ATT DES PRL
PRPLT DUMP 1S XXXX X 25X SYS AUT DES
2SS XXXX XXX 26 X 1S 28X 31X
XXX ICNCT 5 X X X X 3S X XXX 27X 2S 29X 32X
OMS DUMP 3S 30X 33X
ARM ADTA H a M DES
START L 1S XXX XXX +X X . X X . XX 34X
sToPp 3s X X X X X X X X . X X . X X 35X
9 QUAN/SIDE X XX R 2S XXX XXX +X X . X X . XX 36X
OMS DUMP TTG XXX 4s X X X X X X £X X . X X . X X 37X
ET SEP ROLL MODE XX XX XXX
AUTO 38X AUTO SEL 42X
AFT RCS 13 X X X SEP 39X WRAP MODE 4 X XXX
14 TIME X X X ET UMB DR VENT DOOR CNTL
CLOSE 40X OPEN 43X XX
FWD RCS 15 X X X RCS RM MANF CLOSE 44X XX
16 TIME X X X CL OVRD 41X
(X X)

Figure 4 - 11 PASS OVERRIDE Display
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ﬂxx [ XXX 1018

/

RCS JET ISOL
MANF| FAIL | VLV
F1 XXX XXS
2 [ XXX XXS
3 [XXX XXS
4 XXX XXS
5 [XXX XXS
L1 [XXX XXS
2 [ XXX XXS
3 [XXX XXS
4 | XXX XXS
5 [XXX XXS
R1 [ XXX XXS
2 [ XXX XXS
3 [XXX XXS
4 | XXX XXS
5 [XXX XXS

GNC SYS SUMM 1 XX X DDD/HH: MM : SS
DDD/HH: MM : SS
SURF POS MOM DPS 1 2 3 45
L OB XXX XS XXS GPC S S S §S
1B XXX XS XXS MDM FF S S S S
R IB XXX.XS XXS FA- S S S S
OB XXX XS XXS
AIL XXX.X
RUD XXX.X FCS CH ]é é S S4
SPD BRK  XXX.X
BDY FLP  XXX.X
XXXXXX NAV 1 23 4
IMU S §S
CNTLR 1 2 3 ACC SSSS
RHC L S S S RGA SSSS
R S§SSS TAC S S S
A SSS MLS S S S
THC L S S S ADTA S S S S
A S SS ‘A
SBTC L S S S
R S§SSS

Figure4 - 12 PASSGNC SYSSUMM 1 Display
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Figure4 - 13 Air Data RM Block Diagram

D1 AND S1 and CF OR D2 AND S2 AND CF

PROBE DPLY
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The left and right deploy indications are sent to the event annunciation processing function. If either (left
or right) ADTA probe is not deployed during 1 <M < 2.5, an ADTA PROBE Fault Summary Message will
be generated.

In addition to the L and R deploy flags used to determine ADTA data usability, the “either probe deploy”
flag is generated to initiate the ADTA ADS calculations. The “either probe deploy” flag will go true when
both probes are deployed or a single probe has been deployed for 15 sec. With an ADP motor failure, the
ADP will take 30 sec to deploy with one motor. If a deploy limit switch fails closed after the stow limit
switch opens, the ADS calculations will be delayed 15 sec for the ADTA probe to deploy. Once the either
probe deploy flag has switched to the deployed state, it shall be latched for the remainder of the flight.

4.2.3.1 ADTA USABILITY STATUS

The ADTA usability state (fig. 4-14) is controlled by the following.
a. ADTA probe deployed
R probe deploy - ADTA 2 and 4 usable
L probe deploy - ADTA 1 and 3 usable
b. ADTA usable if no parameter has failed RM
c. ADTAusableif no CF
d. ADTA usability can be controlled by the crew select/deselect capability from SPEC 41 (OPS-8)
RGA/ADTA/RCS display and SPEC 51 (OPS 304, 305, 602, 603)
OVERRIDE display.

The parameter status indicators (PSI's) on CRT displays SPEC 41, SPEC 51, and DISP 18 allow the crew
to monitor the ADTA usability.

SPEC 41 (OPS-8) "RGA/ADTA/RCS” * = DES
SPEC 51 (OPS 304, 305, 602, 603) "OVERRIDE” * = DES
! = DES/FL
2 = DLMA
DISP 18 (OPS 3, 6) "GNC SYS SUMM 1" { = DES/FL
2 = DLMA

The PSl is blank if ADTA is usable, and displays "M” if ADTA is COMM faulted.
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Figure 4 - 14 Probe RM and Usability
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4.2.3.2 LEFT SF (ADTA 1, 3)

Depending upon ADTA usability status, the SF processing (fig. 4-15) performs the following functions.
a. If ADTA 1 and 3 usable, L Sel Data is average.

b. If ADTA 1 not usable, L Sel Data is ADTA 3.

c. If ADTA 3 not usable, L Sel Data is ADTA 1.

d. If ADTA 1, 3 not usable, ADTA 1 NO CF, L Sel Data is ADTA 1.

e. If ADTA 1, 3 not usable, ADTA 1 CF, L Sel Data is ADTA 3.

The data from the left SF are in counts and come from the hardware via MDM’s 1 and 3.

4.2.3.3 RIGHT SF (ADTA 2, 4)

Depending upon ADTA usability status, the SF processing (fig. 4-15) performs the following functions.
a. If ADTA 2 and 4 usable, R Sel Data is average.

b. If ADTA 2 not usable, R Sel Data is ADTA 4.

c. If ADTA 4 not usable, R Sel Data is ADTA 2.

d. If ADTA 2, 4 not usable, ADTA 2 NO CF, R Sel Data is ADTA 2.

e. If ADTA 2, 4 not usable, ADTA 2 CF, R Sel Data is ADTA 4.

The data from the right SF are in counts and come from the hardware via MDM'’s 2 and 4.

4.2.3.4 ADTA DATA CONVERSION

Data that have been selected from the left side (left select data) and from the right side (right select data)
must be converted from counts to engineering units (fig. 4-16) for use by the air data SOP in order to
provide air data for the dedicated displays (AMI/AVVI). These converted
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Figure 4 - 15 L eft/Right Selection Filter
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Figure 4 - 16 Data Conversion and Center Selection Filter
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data will also be used by the center SF. Conversion is accomplished by multiplying each pressure (which
is in counts) by the scale factor for that pressure. The general form of this conversion is:

C.LT_SEL.DATA, = (LT_SEL_DATA;) (ADTA SFj)

C_RT_SEL_DATA| = (RT_SEL DATA) (ADTA SF;)

In. Hg
count

In. Hg = (counts)

i = pressures PS, PaC, PaL, PaU

4.2.3.5 CENTER SF

The center SF (fig. 4-16) nominally selects average data from left and right sides to remove the sideslip
effects. If only one side is usable (L-ADTA 1 and 3 or R-ADTA 2 and 4), output is data from that side. If
neither side is usable, an RM dilemma is declared by FDIR, and ADS output is switched to navigationally
derived air data (NAVDAD). The output from the center SF is sent to the ADTA SOP for GNC parameter
calculations and utilized by the center FDI in calculating the FDI thresholds.

4.2.3.6 ADTA FDIR

The purpose of ADTA FDIR is to determine which of the four pressures (PS, PaC, PaL, PaU) from each of
the four ADTA'’s should be declared failed and to reconfigure the SF’s accordingly. This process consists
of performing a comparison of ADTA 1 and ADTA 3 pressures (C1), a 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 pressures (C6, C7) are performed only if the C1 or C2 comparisons
have exceeded the threshold three consecutive times. Comparators C4, 5, 6, 7 are used to isolate and
identify the failed ADTA pressure. Declaring a pressure failed results in fault annunciation and FDIR
downmoding (not usable) the entire ADTA. The crew controls the ADS RM via the select/deselect
keyboard command capability. The ADTA FDI is shown in figure 4-17, left/right FDI, and in figure 4-18,
center FDI.

4.2.3.6.1 TRANSIENT DETECTOR (DATA GOOD)

Before selected data can be output by RM and used by ADS SOP to compute GNC air data, a transient
test must be performed to protect

against transients in data going to GNC. This transient test is either the C3, C1, or C2 comparison test. If
the transient test passes, then

ADS SOP will compute air data for GNC in a normal manner. If the transient test fails, then ADS SOP wiill
not update measured air data for

GNC. The transient test does not apply to SOP air data computations for crew displays (AMI/AVVI) using
selected left data and selected right data or the RM sensors SPEC page. If at least one ADTA on each
side is usable, then compare left selected data with right selected data (the C3 cross-side comparison
test) for the transient test. If both ADTA'’s on the left side (ADTA 1 and ADTA 3) are usable and neither
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ADTA on the right side is usable, then compare ADTA 1 data with ADTA 3 data (the C1 comparison test)
for the transient test. If both ADTA's on the right side (ADTA 2 and ADTA 4) are usable and neither ADTA
on the left side is usable, then compare ADTA 2 data with ADTA 4 data (the C2 comparison test) for the
transient test.

If any parameter fails the transient test, a data good (ADTA _DG) flag shall be set to the bad state. This
ADTA DG flag will cause ADS SOP to not update measured air data for GNC. The ADTA DG flag will be
reset to the good state when all parameters pass the transient test or when only one ADTA remains
usable. If no ADTA's are usable, set the ADTA_DG flag to the bad state.

4.2.3.6.2 COMPARISON TESTS (FAIL/DILEMMA)

Data comparisons are performed for three purposes: transient protection, failure detection (requires a
counter), and failure identification. Referring to figure 4-17, left/right FDI, and figure 4-18, center FDI, the
comparators are described as follows.

a. C3 Cross-Side Comparator

The C3 comparator is performed when data are usable on both sides. It provides transient
protection and detection of a side failure. The C3 comparison test is performed as follows.

IF: |(Left Selected Data); - (Right Selected Data)j| > (C3 Threshold);

THEN: Set DG flag to bad state.
Advance the C3 counter for the ith parameter.

ELSE: Reset the C3 counter for the ith parameter.

If, for any parameter, the C3 comparison test miscompares N=3 consecutive times, then the C3 test
shall be deemed failed. The C3 failure status is used by FDI to determine if a dilemma situation has
occurred.

b. C1 Left-Side Comparator

The C1 comparator is performed in FDI to detect failures between ADTA 1 and ADTA 3 on the left
side. Also, if neither ADTA is usable on the right side and both ADTA'’s are usable on the left side,
then C1 comparison tests will be performed for transient tests and dilemma tests. If C1 is used for
the transient test, then its data good flag (L_DG) will be used to denote a transient test failure. The
C1 comparison test is performed as follows.

IF: |(ADTA 1 Data); - (ADTA 3 Data)j| > (C1 Threshold);
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THEN: Advance the C1 counter for the ith parameter.
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Figure 4 - 18 Center FDI and Threshold Percent Computation

Set DG_PRIME fla

g to bad state.

ELSE: Reset the C1 counter for the ith parameter.
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If, for any parameter, the C1 comparison test miscompares N=3 consecutive times, then the C1 test
shall be deemed failed. Once failed, the C1 test cannot be reset to the not-failed state until  one or more
of the ADTA’s has its usability state changed (USEj).

c. C2 Right-Side Comparator

The C2 comparator operates on the right side (ADTA 2 and ADTA 4) in exactly the same manner
as C1 operates on the left side.

d. C4 and C5 Cross-Side Comparators
The C4 and C5 comparison tests are performed only when C1 has detected a parameter failure
(after N=3 count) and at least one ADTA is usable on the right side. The C4 and C5 comparison

tests are performed as follows.

IF: |(ADTA 1 Data); - (Right Selected Data);)| > (Left Threshold);

THEN: Deem C4 test miscompared.

IF: |(ADTA 3 Data); - (Right Selected Data);| > (Left Threshold);

THEN: Deem C5 test miscompared.

IF: neither or both comparator test > threshold, test will be repeated
on subsequent cycles.

e. C6 and C7 Cross-Side Comparators
The C6 and C7 comparison tests are preformed only when C2 has detected a parameter failure
(after N=3 count) and at least one ADTA is usable on the left side. The C6 and C7 comparison

tests are performed as follows.

IF: |(ADTA 2 Data); - (Left Selected Data)j| > (Right Threshold);

THEN: Deem C6 test miscompared.

IF: |(ADTA 4 Data); - (Left Selected Data)j| > (Right Threshold);

THEN: Deem C7 test miscompared.
IF: Neither or both comparator test > threshold, test will be repeated
on subsequent cycles.
f. Comparison Test Counter Reset

Any time an ADTA's usability status (USE;) has changed, then all comparison test counters (C1, C2,
C3) shall be reset to zero.

g. Dilemma
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A dilemma is defined as a detected fault that has no possibility of being identified because only two
sources of data are available and they disagree. The conditions for which a dilemma will be

declared are summarized as follows.
(1) ADTA's are usable on both sides.
Detected failure exists between sides.

(2) No ADTA's are usable on one side.

Detected failure exists between ADTA'’s on the remaining side.

(3) No ADTA's are usable on either side.

Automatically declare a dilemma and set DG false.

The logic is given below.

Usable ADTA'’s

Left side Right side Dilemma logic

Both ADTA’s Both ADTA'’s DILEMMA = C3 test failed

Both ADTA’s Only one ADTA DILEMMA = C3 test failed

Only one ADTA Both ADTA’s DILEMMA = C3 test failed

Only one ADTA Only one ADTA DILEMMA = C3 test failed

Both ADTA’s No ADTA’s DILEMMA = C1 test failed

No ADTA’s Both ADTA'’s DILEMMA = C2 test failed

No ADTA’s No ADTA’s Declare a dilemma; set DG false
Exception: If in the Mach-jump (MJ) region, do not declare a dilemma if static pressure

fails the C3 test.

A dilemma will always be treated the same no matter if detected by left-side, right-side, or cross- side

comparators.

If a dilemma is declared, the following shall occur.

(1) Setthe delayed dilemma flag D_DILEMMA to true. This will cause ADS SOP to invoke the
DEFAULT ADS or NAV-derived system as long as the D_DILEMMA flag is true. This will also be
used to alert the crew, via CRT display and C&W, that an ADS dilemma exists.

(2) Setthe ADS DILEMMA flag to true.
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Once a dilemma has been declared and the dilemma flags set, they shall stay set until the following
occurs. When any ADTA is SELECTED or DESELECTED by the crew, CF cleared, or ADTA
declared failed, then the ADS _DILEMMA flag shall be reset to the no-dilemma state. In addition, if
the probe deploy has changed states, then the ADS DILEMMA flag shall be reset to the no-dilemma
state. The D DILEMMA flag reset shall be delayed until both the ADS_DILEMMA is reset and the
appropriate transient test has been performed and the ADTA DG flag set to the good state.

The comparison test threshold computations are shown in table 4-1V.

4.3 ADTA SOP

The purpose of the ADTA SOP is to calculate or throughput air data parameters for GNC, dedicated
displays, ADTA RM, and the OVERRIDE display. A functional block diagram of the ADTA SOP and its
related interfaces is shown in figure 4-19. The ADTA SOP is active in MM'’s 304, 305, 602, and 603. The
SOP receives left, right, and center SF pressures in addition to a status indicating probe deployed from
RM. RM also supplies DG and dilemma indications which are utilized by the SOP to mode its final set of
air data parameters for GNC. Pressures associated with each ADTA are processed by the SOP to
generate H, a, and M for display on the OVERRIDE display. During periods when probe-sensed data
cannot be utilized, the SOP throughputs air data parameters based on NAV data. Crew control of the
SOP is provided via item entries from the horizontal situation display (HSD). The HYDRAULIC SOP
provides an indication of when the nose gear is down; while GNC SW RM provides indications of switch
requests for dedicated displays. Finally, it is important to note that the SOP provides Mach number (M)
and an indication of when the probes are in the MJ region to ADTA RM. These are utilized by RM in
performing various FDIR functions for the ADTA's.

4.3.1 ADS CALCULATION INITIATION

Calculation of ADTA ADS air data parameters are initiated whenever the following conditions or flags
exist.

a. Either probe deploy flag set (fig. 4-14)
b. ADTA delay dilemma flag not set (fig. 4-17)

c. ADTA DG flag set (fig. 4-17)
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Table4- 1 ADTA FDI Comparator Thresholds

Comparator Equations for comparator thresholds
Ci=C2 Ci=C2 PS = COUNTS = 0.10 in. Hg
Same side PaC = COUNTS = 0.064 in. Hg
pressure PaL = COUNTS = 0.10 in. Hg
comparisons Pau = COUNTS = 0.10 in. Hg
C3 C3_THRESH_PS = (PERCENTpg) (center selected PS)
(In. Ho) C3.THRESH_PAC = (PERCENTpac) (center selected PAC)
(Left side _
vs. C3_THRESH_PAL = (PERCENTpp|) (center selected PAL)

Right side)

C3_THRESH_PAU = (PERCENTpa) (center selected PAU)
C4 AND C5 LT_THRESH_PS = (PERCENTpg) (right selected PS)
(counts) LT THRESH_PAC = (PERCENTpa() (right selected PAC)
(Left ADTA LT THRESH.PAL = (PERCENTpp,) (fight selected PAL)
Right side)

LT _THRESH_PAU = (PERCENTpa)) (right selected PAU)
C6 AND C7 RT_THRESH_PS = (PERCENTpg) (left selected PS)
(counts) RT_THRESH_PAC = (PERCENTppc) (left selected PAC)
(R'g\t‘st ADTA RT_THRESH_PAL = (PERCENTpa|) (left selected PAL)
Left side)

RT_THRESH_PAU = (PERCENTppy) (left selected PAU)

Note: Threshold percent computations (fig. 4-18) vary with Mach and estimated sideslip
(RM beta). The percent also varies with the parameter being tested. No C3
comparison test is performed on PS during the MJ region from 1.6 to 1.1 Mach,
due to unstable air pressure at that time.

Transition from NAVDAD to ADTA ADS air data is performed via the HSD (SPEC 50). The HSD
auto/inhibit/force function is configured in the inhibit mode (INH) until the crew deploys the ADP’s and
evaluates the ADTA ADS system operation. When in AUT position, the auto transition to ADTA ADS
occurs when either or both probes are deployed, no data transients (DG set) or dilemma conditions exist,
and relative velocity is less than 2.5K ft/s (V_ADS, I-LOAD). The ADS USE FLG is set to 1 when ADTA
ADS is to be used by Guidance and Control (G&C), and set to 0 when NAVDAD data are to be used.
Once the velocity limit (<2.5K ft/s) has been achieved, this velocity check is bypassed and ADS USE FLG
latched on, thus preventing subsequent velocity glitches from transitioning from ADTA ADS back to
NAVDAD while in auto transition.
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In OPS 6 only, an additional test is made before automatically transitioning to ADS from NAVDAD. If, in a
contingency abort, the corrected pressure altitude (HPC) in the ADS calculations has been limited at the
upper end of its range (105K ft), then the vehicle is above the region of air data calibration, and ADTA
ADS outputs are assumed to have degraded. While this excess altitude condition is true, the ADS air data
are automatically downmoded to NAVDAD.

Subsequently, the crew may inhibit ADS air data and recall NAVDAD via the keyboard entry (INH). Also,
with the keyboard entry (FOR), he may force the data in lieu of NAVDAD. In the event of an ADS RM
dilemma condition in either the AUTO or FORCE states, the ADS air data are automatically downmoded
(ADS USE FLG set false) to NAVDAD data, or downmoded to default (a, Q) and NAVDAD data if relative
velocity (Vr) is less than 1.5K ft/s. This allows G&C to run on NAVDAD while crew resolves the ADTA
dilemma.

For relative velocity (Vr) less than 1.5K ft/s (V-FREEZE, I-load), and ADTA

DG false with D_DLMA flag not set, the ADS CALC flag will be set false and ADS USE flag will remain set
on (fig. 4-20). Under these conditions, G&C will continue to use the last valid data from the ADTA ADS
calculations (fig. 4-21).

4.3.2 ADTA ADS CALCULATIONS

The ADS air data parameters refer to those parameters which are calculated based on the center SF (fig.
4-16) outputs (usually reflecting the average of the left and right selected ADTA values). The pressure
inputs to ADS calculations are SEL R/L ADTA PS, PaC, PaL, and PaU.
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Calculation of ADS air data parameters is initiated whenever ADS CALC flag is set. This flag is set if
either probe deploy flag is set, ADTA D_DLMA flag not set, and ADTA DG flag is set (fig. 4-20). The ADS
calculations require about four computational cycles (4 sec) to converge to steady state values. The ADS
calibration data is not accurate during rollout but has been included for crew convenience.

The ADTA ADS calculations generate the following parameters.

a.  Angle of attack (Alpha, ap) - Guidance & control

b.  Corrected pressure altitude (HPC) - Navigation

c. Mach number (Mp) _ - Guidance & control
d.  Dynamic pressure (Qp) - Guidance & control
e. Equivalent airspeed (EASH) - Guidance

f. True airspeed (TASp) - Guidance & control

g. ADS MJflag - Navigation
h. ADTA ADS calculation time (THPC) - Navigation

The ADTA ADS calculation functional block diagram depicting the relationships between the subfunction
modules is shown in figure 4-21. A brief operational description of each subfunction is tabulated in table
4-V.

4.3.3 ADS HPC CONTROL

If ADTA ADS calculations are not being performed (ADS CALC flag off), the corrected pressure altitude
(HPC) and time (THPC) will be the last valid data in COMPOOL and ALT DG, and ADS MJ flags will be
set off. The following operating states can exist with ADS CALC flag on. Nominal operation is with THPC
and HPC updated to NAV every sec, ALT DG flag on, and ADS MJ flag off. During MJ (1.6 to 1.1 Mach),
ADS MJ flag will be sent to NAV to inhibit the use of HPC in updating the NAV-derived altitude. The ADS
MJ flag is sent to ADTA RM (fig. 4-18) to disable C3 tracking test on static pressure (PS).

If in OPS 6 (RTLS) and the ADTA calculated HPC is equal to its limit of 105,000 ft, the ALT DG flag will be
set false and NAV will cease using HPC. In RTLS, the MACH and ALT could be such that the ADP is
deployed above 105,000 ft.

4.3.4 NAVDAD SOP OVERVIEW

The purpose of the NAVDAD SOP is to calculate certain air data parameters based on NAV-supplied
data. The NAVDAD parameters provided by the NAVDAD SOP are as follows.

Dynamic pressure (QBAR,_QN)
Equivalent airspeed (EASY))
Mach number (M)
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These parameters are sent to the ADTA SOP to provide a central location for transitioning between
NAVDAD and ADS air data parameters. Figure 4-23 depicts a functional block diagram of the NAVDAD
SOP.

It should be noted that the NAV-derived angle of attack (ay) from attitude processing, and ground relative

velocity magnitude (Vr) from the user parameter processing (UPP) functions are sent directly to the ADTA
SOP for transitioning. The remaining NAVDAD parameters (altitude-H, altitude rate-H, drag acceleration-
Ap, and sideslip angle-b) are calculated by navigation, attitude processing, or UPP.

During periods when NAV-derived data set is invoked for G&C, NAV could be updated with HPC based on
probe-sensed pressures. This can occur if the probe is deployed prior to M = 2.5, and valid ADTA data
exist (ADS CALC flag on).

4.3.4.1 NAVDAD SOP DETAILED DESCRIPTION

The NAVDAD are needed during entry to drive G&C and the dedicated displays. After the crew has
manually transferred to ADS air data, the NAVDAD are used as a backup source. The details required to
compute the NAVDAD parameters are discussed in the subsequent paragraphs and shown in figure 4-23.

a. DYPRS.N - NAV Derived Dynamic Pressure - Qp output

For relative velocity (Vr) magnitude equal to or greater than V_.NAVDAD (1400 ft/s), the Qp output
is computed as follows.

Drag coefficient (Cp) will be computed as a function of Vr, NAV-derived angle of attack
(anp). and constants KCD1 through KCD6.
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Figure4 - 21 ADTA ADS Calculation

TABLE 4-V.- ADS CALCULATION SUBFUNCTION MODULES
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AOA - Angle of Attack - Alpha (a,) output -
Mach

Pac,

interpolate

SSEC Static Source Error Correction - PSC output -

Mach

Mach

using the

0.2

PSEC - Pitot Source Error Correction - PTC output -

Mach

the

0.2to

MACH - Mach Number - MA output -
as a

pressure

gas) is

Mp)

PRALT - Pressure Altitude - HPU output -

Determine Mach range index and Mach ratio based on Mach number and
boundaries. Compute alpha pressure ratio using angle of attack pressure

PaL, and PauU. Determine alpha at Mach boundaries and linearly

the alpha basic term. If required, adjust alpha for nose gear down air
disturbance corrections. Alpha output is limited from -4° to +20°. Module

required for ADS, left/right, and ADTA RM air data calculations. Alpha is
initialized at 12°.

Determine Mach range index and Mach ratio based on Mach number and
boundaries. With alpha, determine the static pressure coefficients at
boundaries and linearly interpolate the static pressure basic coefficient. If

required, adjust static pressure basic coefficient for nose gear down air
disturbances. The corrected static pressure (PSC) is then calculated

static pressure coefficient, PS, and PaC. PSC output is then limited from

to 36 in. Hg. Module is required for ADS, left/right, and ADTA RM air data
calculations. PSC is initialized at 36 in. Hg.

Determine Mach range index and Mach ratio based on Mach number and
boundaries. With alpha, determine the total pressure coefficient at Mach
boundaries and linearly interpolate the total pressure basic coefficient. If

required, adjust total pressure basic coefficient for nose gear down air
disturbances. The corrected total pressure (PTC) is then calculated using

total pressure coefficient, PS, and PaC. PTC output is then limited from

52 in. Hg. Module is required for ADS, left/right, and ADTA RM air data
calculations. PTC is initialized at 52 in. Hg.

The purpose of this subfunction is to calculate free-stream Mach number
function of the PTC and either limited or corrected free-stream static

depending on whether or not the vehicle is in the Mach jump region. The
implicit equation for Mach (applicable for the isentropic flow of a perfect

shown below.

7 * = PSC or PSLIM
M=\/5 (PI—C) "1

Module is required for ADS, left/right, and ADTA RM air data calculations.
Mach is initialized at NAV value of 25 for OPS 3, and 6 for OPS-6. Mach

output is limited from 0.1 to 3.5.

This subfunction calculates uncorrected pressure altitude (HPU) using the
polynomial form of equations. Three polynomial equations (using PSC or
PSLIM and constants) cover the following ranges of pressure.

TABLE 4-V.- Continued
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36 > PSC or PSLIM > 6.4480 in. Hg

PRALTC - Pressure Altitude Correction -
using

BARO output -

at

ADS

for

1.5850 < PSC or PSLIM < 6.4480 in. Hg
0.2 < PSC or PSLIM < 1.5850 in. Hg

Module is required for ADS, left/right, and ADTA RM air data calculations.
A barometric correction term (VBARO, IN HG) is entered by the keyboard

HSD SPEC 51. VBARO parameter is initialized at 29.92 in. Hg. The baro
correction term (BARO) accounts for variations in the base level pressure

mean sea level and is computed only if the correction input has changed.
computed baro is limited between -1000 and +8000 ft. Module is required

ADS and left/right air data calculations.
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TABLE 4-V.- Continued

NSATMH - Nonstandard Atmosphere Correction for If altitude (HPU) is above 12,000 ft, the correction term NSACH (an
adjustment

Altitude - HPC output - to 1962 standard atmosphere for changes in atmosphere for different
altitudes
at the landing site and for seasonal changes) shall be computed and
subtracted
from HPU to generate a corrected pressure altitude (HPC). NSACH is
calculated for altitudes from 0 to 105,000 ft.
If altitude (HPU) is below 12,000 ft, the correction term BARO (the actual
measured landing site pressure) shall be computed and subtracted from
HPU to
generate HPC.
The ADS computed HPC output is then limited from O to 105,000 feet.
HPC is
initialized at 90,000 ft. Module is required for ADS and left/right air data
calculations.
The ADS HPC is time tagged (THPC) for use by navigation.
NSATM - Nonstandard Atmosphere Corrections for This subfunction computes the correction term for improving the estimate
of
Temperature - NSACT output - free-stream static air temperature (NSACT). The term compensates for
expected temperature changes at different altitudes for a specific mission
launch time (seasonal) and landing site. The correction term is in six
continuous altitude segments in the following form.
NSACT = TSLOPE (HPC) + TBIAS
Module is required for ADS air data calculations.
STDATM - U.S. Standard Atmosphere 1962 Model - This subfunction computes free-stream static temperature (TINF) as a
function
TINF output - of HPC, correction term NSACT, and constants. Three sets of equations
for
TINF are established with the following pressure ranges.
105,000 > HPC > 65,617 ft
36,089 < HPC < 65,617 ft
0 < HPC < 36,089 ft
Module is required for ADS air data calculations.
ETRAS - Estimated True Airspeed - TAS 5 output - This subfunction computes an estimate of true airspeed as a function of
Mach
and estimated static air temperature.
The equation for estimated true airspeed shall be TAS = 65.7701 (M)
OTINF.

The computed TAS is limited from 112 to 3436 ft/s. The module is
required for
ADS air data calculations. TAS is initialized at 2800 ft/s.

DYPRS - Dynamic Pressure - Q5(QBAR) output - This subfunction computes dynamic pressure as a function of Mach

number
and either limited (PSLIM) or corrected (HPC) free-stream static pressure
depending on whether or not the vehicle is in the Mach jump region (1.6
tol.1
Mach). The equation for calculating dynamic pressure (QBAR) is:

49.5083 (*) M2 * = PSC or PSLIM
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The computed QBAR(Qp) is limited from 14.8 to 375.0 Ib/ft2. QBAR is

initialized to .01 for OPS 3 and to 6 for OPS 6. The module is required for
ADS and left/ right air data calculations.
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EQAS - Equivalent Airspeed - EAS 5 output -

data

MJ - ADTA ADS Mach Jump - MJ flag output -
the

in the

sensitive

output

to

that

eliminate

STLIM - Static Pressure Limiter - PSCLIM output -
during

output

module is

PARAT - Pressure Altitude Rate - H| , Hi output -

AIR

TABLE 4-V.- Concluded

This subfunction computes equivalent airspeed as a function of dynamic

pressure.
EAS =29.007567 O QBAR

The computed EAS is limited from 112 to 562 ft/s. The EAS parameter is
initialized to 430 ft/s. This module is required for ADS and left/right air

calculations.

The Mach jump region is predicted to occur during 1.6 > M > 1.1. When
ADP’s approach sonic conditions (Mach jump region) large errors result
sensed static pressure (PS). Alpha calculation (module AOA) is not
to errors in PS. During Mach jump time, corrected static pressure
(PSC) is replaced with corrected static pressure limiter output (PSCLIM)

modules PRALT (HPU), MACH (M), and DYPRS (Q) as shown in figure
4-21. The MJ flag is sent to NAV (fig. 4-22) and ADTA RM-FDI users

the MJ state exists.
The MJ flag is latched on at 1.6 Mach, and latched off at 1.1 Mach to
any cycling during the transition.

The purpose of this subfunction module is to limit the change in PSC
the Mach jump region of 1.6 to 1.1 Mach. On the first pass through the
module, the PSCLIM and PSCLIM (t-1) are set equal to PSC. On all
subsequent passes, the STLIM module never allows any change in

value greater than .02 of the previous PSCLIM output data. This

required for ADS and left/right air data calculations.
TABLE 4-V.- Concluded

The pressure altitude rate (HDOT, H) is computed by differentiating HPU

using a cascade of two first order lag filters. This subfunction module is
processed by the ADTA ADS LEFT/RIGHT CALC whenever the crew's

DATA source switch is in the LEFT or RIGHT position. The ADTA
calculation of H| and Hp, is initialized to NAV Altitude rate (Hyy).

Next, dynamic pressure (Q) is computed as a function of drag coefficient (Cp), drag acceleration
(Ap), vehicle mass (My,), and vehicle reference area (REF-AREA).

(Ap)(My)

(Ap)(Mys)

QN=Cp (REF-AREA) Cp (2690) 12

MV: OPS-3 = VARIABLE FROM GUID
OPS-6 = Premission value
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For relative velocity (Vr) magnitude less than 1400 ft/s, the Qp output is computed as follows.
The air density (r) computation is as follows.

After the altitude layer is determined by vehicle altitude (Hyy), the altitude lapse rate and temperature

constants are determined. Air density is then calculated using altitude lapse rate constants, temperature
constants, gravity divided by universal gas constant of air, altitude (Hyj), and static air temperature

(Tsn)-
The static air temperature (Tgp) computation is as follows.

The atmosphere is modeled into two altitude layers with the boundary for OPS-6 at 50,199 ft and
for OPS-3 at 36,089 ft. After the layer is determined by the vehicle altitude (Hy;), the constants

(altitude lapse rate and temperature) describing the layer are used to compute static air temperature
(TsN)-

Then 5N is computed as follows.

-~ 2 1D
Qv = 05py (VoY) Pe
b. MACH.N - NAV-derived Mach Number - My output

The MACH_N subfunction computes the Mach number (M) as a function of NAV supplied altitude
(HN) and relative velocity (Vr).

For relative velocity (Vr) equal to or greater than V_.NAVDAD (1400 ft/s),
Mp = 0.001 (Vr)

For (Vr) less than 1400 ft/s, My is computed as a function of static air temperature (Tgy) and
ground relative velocity (Vr).
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Figure4 - 23 NAVDAD Calculations
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Vp

M. =
N'" SPD_SND_CON rootTSN

SPD_SND_CON = 65.77035

c. EQAS.N-NAV Derived Equivalent Airspeed - EASy output

The EQAS_N subfunction computes the equivalent airspeed (EASy)) as a function of NAV-derived
dynamic pressure (Qp). The EASpis computed as follows.

d. TAS - true airspeed - TASy output

The true airspeed (TAS)) is set equal to the ground relative velocity (Vr) magnitude from the UPP
and is sent to the ADTA SOP for  transitioning to G&C.

e. ALPHA - Angle of Attack - ap output

The NAV-derived angle of attack (ayj) from attitude processing is sent directly to the ADTA SOP for
transitioning to G&C.

4.3.4.2 NAVAIDS/DEFAULT AIR DATA TRANSITION

The transitions between NAVDAD, ADS, and DEFAULT parameters are shown in figure 4-24. Transitions
between NAVDAD and ADS air data are controlled by the crew from the HSD. The ADS USE flag set true
will cause ADS (ADTA) data to be sent to G&C. With ADS USE flag on and ADTA DG flag off below Vr of
1500 ft/s, the last valid ADTA data will be used by G&C. In the event of an RM dilemma condition (ADS
USE FLG false) in either the auto or force state, the ADS air data is_.downmoded to NAVDAD parameters
above 1500 f/s, and NAVDAD and default Q (Qpg) and alpha (apg) when below 1500 ft/s. In OPS 6
only, automatic transition from NAVDAD to default parameters (Qpg and apg) is inhibited for contingency
abort. When angle of attack exceeds ADS alpha (ap) upper limit of 20° with ADTA DG flag set, the angle

of attack will transition to NAV-derived alpha (ayy).
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Figure4 - 24 G& C ADS Transition and Control

4.3.4.3 LEFT/RIGHT AIR DATA CALCULATIONS FOR AVVI/AMI
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The calculations are initiated by the CDR or PLT selecting the LEFT or RIGHT AIR DATA on panel F6 or
F8. If ADP’s are deployed and ADTA’s not COMM faulted, the following data will be calculated from the
left or right selected pressures and displayed on the AMI and AVVI.

Air data probe valid flag (ADP VALID| /R) AMI & AVVI
Angle of attack-alpha (aj /aR) AMI

Mach number (M| /MR) AMI
Equivalent airspeed (EAS| /EASR) AMI
Corrected pressure altitude (HPC| /HPCR) AVVI
Pressure altitude rate (H /HR) AVVI

Flags will be displayed on the AVVI and AMI if the ADP is not deployed, or ADTA’s are COMM faulted for
the LEFT or RIGHT side selected by the AIR DATA switch. The ADP VALID flag contains the validity
status for the AVVI and AMIL.

The ADTA ADS LEFT/RIGHT calculation functional block diagram is shown in figure 4-25. A brief
operational description of each subfunction module is tabulated in table 4-V.

4.3.4.4 NAV SELECTED AIR DATA FOR AVVI AND AMI

With the AIR DATA switch in the NAV position on panels F6 and/or F8, the corresponding AVVI will
display NAV altitude (Hy) and NAV altitude rate (HDOT) derived from navigation. If the ALT-DG flag is

true, the NAV-derived altitude (Hyj) will be updated with the ADTA ADS calculated altitude (HPC).

The AMI, with AIR DATA switch in NAV position, will display the air data (Alpha, Mach, and EAS) selected
for G&C by the ADTA SOP. If data to G&C switches to default parameters (ALPHA) and( QBAR), the AMI
will display NAV-derived alpha.

If the AIR DATA switch fails (COMM faulted, no output, or more than one output), the software will default
to NAV position, and an SM ALERT and fault message SW DEFAULT L(R) will be generated.

With the AIR DATA switch in NAV and ADS USE FLG true (ADS data to G&C), the equivalent airspeed
(EAS) on the AMI is replaced by relative velocity magnitude (Vr) when weight on the nose gear is
indicated. This is required to provide the crew with an indication of ground speed for manual braking
purposes.

4.3.4.5 ADTA OVERRIDE DISPLAY AIR DATA CALCULATIONS

The RM sensor calculations compute the following air data parameters for each ADTA output pressure
whenever the OVERRIDE SPEC 51 display function is executed and the ADTA is nhot COMM faulted.

Uncorrected pressure altitude HPU_RM
Mach number M RM
Angle of attack ALPHA RM

The pressures PS, PaU, PaL, and PaC are converted from counts to engineering units (in. Hg) and used
to calculate the output parameters as shown in figure 4-26. These parameters are used by the crew,
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along with NAV-derived data, to assess an ADTA pressure dilemma condition. A brief operational
description of each subfunction module is tabulated in table 4-V.

4.3.5 ADTA SENSOR SELF-TEST

There are two sensor self-test SPEC’s that support ADTA sensor self-test function. The on-orbit (OPS-8)
SPEC 041 display shown in figure 4-9 will provide the crew with a means to verify sensor test data
comparison during sensor self-testing. The display will also control the SF and FDIR status for the
ADTA’s. The preflight (OPS-9) SPEC 102 display shown in figure 4-27 provides the means to verify
ADTA sensor test data comparison during KSC OPS-9 self-testing.

The purpose of ADTA self-test processing (1 Hz rate) is to compare ADTA hardware stored pressures
(PaC, PaL, PaU, and PS) and total temperature (T) to a set of onboard limits contained in vehicle utility
(VU) software. Additionally, VU software receives each ADTA’s mode status word which contains the
results of various tests performed within the hardware (BITE).

4.3.5.1 ON-ORBIT (OPS-8) ADTA SENSOR SELF-TEST

When SPEC 41 display is requested by the crew keyboard input, the cyclic processing is initiated and the
status and data columns are driven dynamically. The STATUS column will display BITE if the first bit of
the mode status word is set to false (ADTA GOOD bit = 0). The ADTA internal status checks and
monitoring (mode status bits 2 thru 16) which set data good bit false, are noted in section 4.2.1.2 and table
4-11 of the hardware section. It should be noted that the pressures displayed will be zero due to the probes
residing in a compartment which is vented to the atmosphere. The temperature will be a function of
thermal conditioning of the Orbiter.

The flight crew will conduct self-test of the ADTA's utilizing the keyboard item entries from the
RGA/ADTA/RCS SPEC 41 display. DES items will display an asterisk (*) next to the item number when
ADTA is removed as an RM candidate. A deselected ADTA will still be self-tested. HI TEST item entry
displays an asterisk when high self-test is requested. The asterisk will blank, and the data will be frozen
approximately 10 sec after execution of the item number. LOW TEST item entry operates the same as
HIGH TEST. STOP TEST item entry removes self-test stimulus to ADTA’s, returns display to cyclic
processing of probe-sensed pressures and temperature, and displays asterisk after stop item number.
After LOW or HIGH TEST, the STOP TEST must be executed to properly reset the test logic. Crew
exiting OPS-8 or dropping SPEC 41 will terminate and reset the self-test processing. The SF state
determined in OPS-8 shall be maintained across OPS transitions.
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DDD/ HH: MM SS
RCS DRI VERS
RJDF 1X START TEST 4X STAT  XXXX
RIDA-A  2X CONT 5X JET XXX
-B 3X TERM 6 STEP X
SENSORS TEST CONTRQL:
H GH START 15X
ENA STAT R P Y LON START 16X
RL7X XXX #XX XS +XX. XS +XX. XS AUTO SEQ 17X
@ 8X XXX XX XS  IXX XS XX XS TERM 18X
A3 9X XXXX  EXX. XS XX XS XX XS
4 10X XXX EXX XS FXX XS XX XS INH ALL 19X
ENA STAT RiC PS RoU PaL TT
AL 11X XX XX XOXS XK XXKXS XX XKXS XX, XXKS XX XXXS
D8 12X XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX. XXXS
T2 13X 00K XX XXXS XX XXXS XK XXXS XX XKXS XX, XXXS
KA4 14X XXX XX XKXS XX XXKS XX XXXS XX XXXS XX, XXXS

-

When a valid self-test request is received by the ADTA’s, the ADTA processor outputs a prestored and
data path from the ADTA to MPM to GPC set of constants for pressures and temperature (the ADTA
computer processor is the only hardware tested by this portion of self-test). There is one set for high self-
test and one set for low self-test. The GNC software reads these constants approximately 10 sec after the
request for self-test is made. The software compares the ADTA processor outputs against a prestored
set of high and low limits. The limits are shown in table 4-VI. A threshold is given about each limit to allow
for a tolerance for the binary to decimal conversion. In the event of an out-of-tolerance condition, a  for
low and fowhigh will be dissplayed to the right of the affected parameters. Secondly, if software receives
a BITE out-of-tolerance condition (ADTA GOOD bit set false), the status column will display BITE.

Figure4 - 27 Prelaunch RCS/RGA/ADTA Test Display

Included in BITE for self-test is a cross-comparison check of the four pressure transducers. The
comparison is performed as follows:

|PaL - PaU| > Tol
|Pau - PaC| > Tol
[PaC - PS | > Tol
IPS - PaL| > Tol

where the tolerance (Tol) is 0.080 in Hg. If any two of the comparisons exceed the tolerance then the
corresponding pressure good bit for the common transducer is set bad (refer to table 4-11, bits 5, 6, 7, and
8). If ADTA BITE is displayed, perform memory read to determine if ADTA should be deselected. During
ADTA self-test, deselect ADTA if up or down arrows are present after data (except after temperature T).
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Table4 - 2 ADTA Software Test Limits

Parameter Units High test limits Low test limits
Pg in. Hg 813 to 815 24.887 to 24.889
PaC in. Hg 5473 to 5477 29.527 to 29.531
PaU in. Hg 2.740 to 2.744 21.708 to 21.712
PaL in. Hg 1.708 to 1.712 14.713 to 14.717
T Deg.C 17356 to 173.60 18.50 to 18.54

4.3.5.2 PREFLIGHT (OPS-9) ADTA SENSOR SELF-TEST

Preflight self-test utilizes SPEC 102 and operates in a manner similar to that used for Orbit self-test. In
preflight self-test, the sensors can be enabled (ENA*) or disabled for self-test, but cannot be deselected or
selected as a candidate for RM. HIGH START and LOW START item entry will cause self-test to be
performed on only the ADTA’s enabled (ENA*). INH ALL item entry will disable all sensors from self-test.
TERM item entry has the same function as STOP for OPS-8 self-test. AUTO SEQ item entry initiates self-
testing for all sensors listed on the display. The rest of the self-test processing and control are the same
in OPS-8 and OPS-9 self-test.

4.4 BACKUP FLIGHT SYSTEM ADS (ADTA HIP)
4.4.1 BACKUP FLIGHT SYSTEM ADS OVERVIEW

The function of the air data hardware interface program (HIP) (fig. 4-28) is to control and monitor the
operation of the backup flight system (BFS) ADS (pre- and postengaged) and to process air data
information at 1.04 Hz in MM’s 304, 305, 602, 603 for utilization by GNC.

The BFS software (GPC-5) receives ADTA serial digital data (pressures and mode status word) over the
flight-critical foward MDM buses. Since the ADTA's are digital devices, the BFS software will declare a CF
(BCE STRG 1 (2,3,4) ADTA) if it does not receive data from an ADTA. Preengaged, the BFS receives
and utilizes the ALTM input from the primary HORIZ SIT SPEC 50 display (fig. 4-10). Pre-engaged, as
well as post-engaged, the BFS contains a GNC SYS SUMM 1 SPEC 18 display which provides BFS
ADTA status (= CF or RM fail). The BFS HORIZ SIT display provides crew control of the ADTA HIP
software outputs to G&C as well as NAYV filter controls. Postengaged, the BFS ADTA HIP software (GPC-
5) provides all of the air data parameters for GNC and dedicated displays.
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Figure4 - 28 ADTA HIP Functional Block Diagram

provides the following functions.

The BFS ADTA HIP

Monitor probe deployment for initiation of ADS processing.

a.
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b. Determine ADTA usability, select single set of pressure data, and convert pressure to engineering
units.

c. Calculate air data parameters for GNC.

d.  Provide transition between NAVDAD and ADTA ADS derived air data to G&C.
e. Calculate and provide parameters for the AMI and AVVI dedicated displays.

f. Provide validity flags to NAV and dedicated displays AMI and AVVI.

4.4.2 BFS ADTA STATUS AND USABILITY

The BFS HIP does not contain an ADTA probe RM function like the pass software. An ADTA probe is
considered deployed if at least one of the two deploy discretes is ON from a given side. The BFS does
not require a “not STOW?" but rather, looks only at the deploy discretes. In this manner, it is possible to
have a stow discrete failed high (and the other one commfaulted, for example) when the probe is
deployed, and unlike the PASS, the BFS will still use the data. There is also no RM associated with the
ADTA pressure selection. The ADTA probe deploy discretes, CF’s, and certain bits of the ADTA
mode/status word are all that are used to determine the usability of the ADTA pressures. The
mode/status word bits are those associated with pressure and hardware reasonableness tests (BITE)
performed and output by the ADTA internal processor. The ADTA mode/status word structure and
generic description for each bit is described in section 4.2.1.2 and table 4-1l. The ADTA BITE GD flag is
set true if the following states exist for the bits monitored in the ADTA mode/status word:

Radiate Circuit good * Bit 2

Not high test mode Bit3 (a)
Not low test mode Bit4 (a)
Alpha 1 (PalL) transducer good Bit5 (b)
Alpha 2 (PaU) transducer good Bit6 (b)
Total pressure (PaC) transducer good Bit 7 (b)
Static pressure (PS) transducer good Bit8 (b)
A/D converter good * Bit 9
Electronics good Bit 10
Code Memory CRC good Bit 12
Power supply good Bit 13
RAM good * Bit 14

* Beginning with OI-29, the Radiate Good and RAM Good BITE will set ADTA BITE GD to false, and the
A/D converter good will not. (BFS CR 92421).

where Bit count is Bit 1 through Bit 16.
a. Self-Test mode only.
b.  During prelaunch, bit toggling acceptable if windy conditions.

Note: Toggling of the ADTA Good bit (not shown here) is acceptable as long as no other bits listed are
changing.
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If the ADTA is not usable because of a probe not deployed, CF present, or selected BITE, the BFS
software will set the PROBE_SELECT flag false and remove the ADTA pressures from the RM function.
In addition, if a CF is present or a BITE GD is set false, the software will generate an SM alert, display the
fault message RM FAIL ADTA, and place a down arrow after the ADTA on the GNC SYS SUMM 1
display.

4.4.3 BFS DATA SELECTION AND CONVERSION

The BFS HIP software performs a selection process which prime selects ADTA 1 on the left side and
ADTA 2 on the right side. These pressure outputs are then averaged to obtain a single set of pressures
for air data parameter calculations. In the event of a failure of ADTA 1 or 2, the standby ADTA 3 or 4 is
utilized and the averaging process continues. If data are only usable from the left side ADTA (1 or 3) or
the right side ADTA (2 or 4), the single ADTA pressures shall be used. The logic in figure 4-30 shows the
selection process and resultant outputs.

The selected ADTA pressures are converted from data bit counts to engineering units of in. Hg by scaling
the data.
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Figure4 - 29 BFSADTA Status and Usability
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Figure 4 - 30 BFS Data Selection and Conversion
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The ADTA data good flag (ADS_G) is set false if no ADTA's are considered usable. The functions of the
ADS G flag are as follows.

a. Initiate calculations of the ADS air data parameters.

b.  Enable transition from NAV- to ADS-derived air data upon crew request from the HORIZ SIT, SPEC
50, display.

c. Provide a validity discrete to NAV and the dedicated displays AMI and AVVI.

4.4.4 BFS ADTA ADS CALCULATIONS

The BFS ADTA HIP software performs the same basic processing for air data parameters (HPC, HDOT,
THPC, ADS MJ flag, MACH, ALPHA, EAS, QBAR, and TAS) as the ADTA SOP software does in the
primary system. The BFS ADS calculation block diagram is shown in figure 4-31 and is similar to figure 4-
21, ADTA ADS calculations in pass software. As long as the ADS G flag is set true, the selected
pressures from figure 4-30 are used in calculating the ADS parameters. With the relationship and
operation of the subfunctions the same as the pass software, a brief operational description of each
subfunction module can be found in table 4-5.

4.45 BFS NAV-DERIVED ADS CALCULATIONS (NAVDAD)

Prior to ADTA probe deployment or in the event of an ADS system failure (ADS__ G flag set false), the
BFS HIP software will output air data parameters from NAVDAD, UPP, and attitude processing. The BFS
NAVDAD processing of air data parameters (TAS = Vr, MACH, QBAR, EAS, and ALPHA) is shown in
figure 4-32. The BFS NAVDAD processing is the same as the pass software described in section 4.7.1,
Navigationally Derived Air Data (NAVDAD).

4.4.6 BFS NAV/ADS AIR DATA TRANSITION

The purpose of this function is to provide transitioning between certain NAV-derived and ADS air data
parameters as shown in figure 4-34. The transition shall be performed (reference fig. 4-33) as a function
of ADTA usability (ADS_G), Rel_Vel_Mag (Vr), and crew control (ADS_AIF) from the SPEC 50 HORIZ SIT
display.

The three control modes available to the crew from the HORIZ SIT display are as follows.

AUTO

IF:  ADS_G is true and Vr less than 2500 ft/s, set ADS USE flag true and select ADS data for
G&C. Note that in the BFS, the HSD display is initialized with item 28 (AUT) selected.
ELSE: Set ADS USE flag false and select NAVDAD data for G&C.
INH

Set ADS USE flag false and select NAVDAD data for G&C.
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Figure4 - 34 BFSNAV/ADS Air Data Transition

FORCE

IF:  ADS_G is true, set ADS USE flag true and select ADS data for G&C.

ELSE: Set ADS USE flag false and select NAVDAD data for G&C.
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The BFS HIP software does not generate default QBAR and ALPHA for NAV-derived air data below Mach
1.5, but continues to use the NAVDAD parameters. Unlike the pass software, the BFS ADS air data does
not downmode to NAVDAD in return to launch site (RTLS) for contingency abort with ADS HPC parameter
limited at its upper limit of 105,000 ft. Also, during RTLS, ADS HPC is not marked invalid when ADS
calculated altitude is limited at the upper limit of 105,000 ft. Another difference in the BFS software is that
ALPHA does not transition from ADS to NAVDAD while the ADS ALPHA calculation is limited at the upper
limit of 20°.

4.4.7 BFS AIR DATA PARAMETER FOR DEDICATED DISPLAYS

The air data parameters provided for display processing are as follows:

a. HPC, displayed as ALT on AVVI

b. HDOT, displayed as ALT RATE on AVVI
c. ALPHA, displayed as ALPHA on AMI

d. MACH, displayed as M/VEL on AMI

e. EAS, displayed as EAS on AMI

f. ADS G, ADS data valid flag to AVVI and AMI

g. NDor AFLAG, ADS or NAVDAD to G&C for AMI

4.4.8 BFS AMI DATA PROCESSING

The air data displayed on the AMI is determined by the following software logic.

IF: ADS G false, or ND_ OR_A FLAG true

THEN: Display NAVDAD (ALPHA, MACH, EAS) data.

ELSE: Display ADS (ALPHA, MACH, EAS) data.

ADS G is set false if no ADTA is usable for BFS processing (fig. 4-29). ADTA is usable only if its probe is
deployed, not CF, and hardware BITE not indicating a failure.

The status of the ND or A_FLAG is determined by the crew selecting auto (AUT), inhibit (INH), or force
(FOR) on the HSD, and is shown in figure 4-33 and figure 4-34. For ND or A_FLAG to be false (ADS USE
flag on), the following conditions must exist:

a. HSDin AUT, ADS G on, Vr < 2500 ft/s

b. HSDinFOR, ADS G on

c. HSD not in INH
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In brief, the AMI will always display the air data selected for G&C, regardless of where the AIR DATA
select switch on panel F6 or F8 is positioned.

4.49 BFS AVVI DATA PROCESSING

The air data displayed on the AVVI is determined by the following software logic.

IF: ADS G false, or NAVgyy true

THEN: Display NAVDAD (HPC, HDOT) data
ELSE: Display ADS (HPC, H) data
How ADS G is set false or true was previously described in the AMI data processing section.

The NAVgyy flag is set true only if the AIR DATA switch on the commander’'s (CDR'’s) panel F6 is in the

NAV position. The BFS software does not look at the PLT’s AIR DATA switch on panel F8, and does not
contain default logic for the AIR DATA switch.

In brief, the AVVI will display NAV-derived altitude (H) and altitude rate (HDOT) with CDR’s AIR DATA
switch in NAV position. If ADS G flag true and ADS_MJ flag false, the H will be updated with the ADS-
generated HPC.

With the CDR’s AIR DATA switch in the LEFT or RIGHT position, and ADS _G true, the AVVI will display
ADS altitude (HPC) and HDOT as calculated by the selected ADTA pressures. If ADS G is false, Nav-
derived data will be displayed in the LEFT or RIGHT position as well. If ADS G is true, the NAVDAD and
ADS display data for NAV and LEFT/RIGHT switch position will essentially be the same because of the
NAV system using ADS HPC to update the Nav-derived altitude.
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4.5 Notes of Interest

NOTE OF INTEREST #73
STS-4 & Subs

CF62 (82-51)

TO: Distribution

FROM: CF62/Robert A. O’'Donnell

SUBJECT: STS BFS AMI/AVVI Air Data Processing

1. The ADS data (HPC, HDOT, ALPHA, MACH, EAS) for the BFS dedicated displays AVVI/AMI is the
same as the parameters calculated for GNC. Air data switch requests for LEFT/NAV/RIGHT are
honored from panel F6 only (CDR'’s side). Switch requests from LEFT or RIGHT will result in identical
outputs. There is no default logic for the AIR DATA switch; however, the dedicated displays will always

receive valid  data. In case of CF’s, the last valid data in compool is used.

2.  AVVI Air Data Parameters (HPC, HDOT) - BES

a. If AIR DATA switch in NAV and ADTA DATA NOT GOOD, display NAV derived air data.

b. If AIR DATA switch in NAV and ADTA DATA GOOD, display NAV data updated with ADS
(ADTA) HPC.

c. If AIR DATA switch in L/R and ADTA DATA NOT GOOD, display NAV derived air data.

d. If AIR DATA switch in L/R and ADTA DATA GOOD, display ADTA derived data. Data in (b)
and (d) will normally reflect the same value after ADTA HPC updates the NAV derived altitude.

3. AMI Air Data Parameters (ALPHA, MACH, EAS) - BES

The AMI will always display the air data parameters (ADS or NAVDAD) selected for G&C, regardless
of where the AIR DATA select switch  is positioned.

4, Instrumentation - BES

ENTRY DOWNLIST MRL MCC

V98X0222X ND_OR_A_FLAG YES NO
Vo8U0223C ADS AIF IND YES NO
V98X0545X ADS_G YES YES MSK1413
V9o8U3431C HPC AIF IND YES YES MSK1413
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SECTION 5
RATE GYRO/ACCELEROMETER ASSEMBLIES

5.1 ORBITER RATE GYRO ASSEMBLIES

5.1.1 Introduction

The Orbiter is equipped with four rate gyro assemblies (RGA'’s) located at the aft bulkhead. RGA’s 1, 2,
3, and 4 are located side by side at the bottom of the bulkhead in the wing well facing the payload bay
(fig. 5-1). Each assembly consists of three single degree-of-freedom rate gyros positioned to sense rates
about the roll, pitch, and yaw body axes. During the ascent and entry flight phases, the Orbiter rate
gyros provide the sensed roll, pitch, and yaw body rates to flight control, where the sensed rates act as
damping feedback which provides stability augmentation of the vehicle, and to the attitude director
indicator (ADI) rate needles. The RGA's are powered off during the on-orbit phase and reactivated for
the sensor self-test prior to deorbit.

5.1.2 Hardware Description

Power and data flow for each RGA are depicted in figure 5-2. All RGA’s receive main bus power through
the use of switches and remote power controllers (RPC’s). RGA 1 and RGA 4 receive redundant main
bus power.

The rate gyros within each assembly are identical with respect to operation and hardware components.
The only difference between the roll, pitch, and yaw gyros is their positioning within the assembly. The
following description covers one single degree-of-freedom rate gyro.

The major elements of a rate gyro consist of the gyro wheel, gimbal assembly, signal generator, and spin
motor run detector (SMRD) circuit.

The rate gyro is a floated, single degree-of-freedom rate gyro. When the gyro wheel is running at
synchronous speed (24,000 rpm), movement of the vehicle about the input axis triggers movement of the
gimbal about the output axis (gimbal precession) (fig. 5-3). As the gyro wheel precesses, torque is
developed. The torquer cancels gimbal precession and thus measures input rates accurately without
permitting excessive gimbal displacement. The precession rate of the gimbal assembly is directly
proportional to the rotational rate of the gyro case. The signal generator provides an output voltage
proportional to the angle of gimbal rotation. The torque generator provides the capability to torque the
gimbal about the output axis in proportion to the magnitude of an externally applied current, a self-test
command.

The Orbiter rate gyros are equipped with a SMRD circuit per axis which detects an under speed or over
speed of the spin motor. The SMRD circuit will indicate an invalid signal at 98 percent or 102 percent of
the spin motor synchronous speed. The SMRD circuit is the rate gyro built-in test equipment (BITE).

The SMRD is to protect against allowing power off transients from being processed by flight control.
When power is removed from an RGA (orbiter or SRB) there is a transient response that lasts for
approximately 20 seconds and reaches a peak value of approximately 50% (absolute value) of the ouput
range (10 deg/sec in pitch and yaw, +20 deg/sec in roll). When two RGA’s are unpowered
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simultaneously, the SMRD logic in RM will prevent processing this bad data. Details of SMRD
implementation will be covered in detail in the Redundancy Management (RM) section.
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5.1.3 Performance Data/Limitations

Maximum gyro output +20 deg/s pitch, yaw rate
+40 deg/s roll rate

Warm up time 2 min

Power requirements 25 W at sync speed
36 W during spin-up

5.2 SOLID ROCKET BOOSTER RATE GYRO ASSEMBLIES

5.2.1 Introduction

The two solid rocket boosters (SRB’s) are each equipped with two RGA'’s (fig. 5-5). Each SRB RGA
contains two single degree-of-freedom rate gyros; one is positioned to sense pitch rates, and the other is
positioned to sense yaw rates. The SRB RGA pitch and yaw rates are used in flight control feedback
loops to assist in SRB thrust vector control and to provide stability augmentation during the ascent flight
phase until SRB separation. The SRB RGA’s are mounted on the forward ring within the forward skirt of
the SRB attach point.

5.2.2 Hardware Description

Power flow and data flow for the SRB RGA's are depicted in figure 5-4. Two RGA'’s on each SRB are
powered from the separate SRB buses which receive their power from two Orbiter main buses.

The single degree-of-freedom rate gyros contained in the SRB RGA'’s have the same functional
components as those contained in the rate gyros that comprise the Orbiter RGA's (ref. section 5.1). The
only hardware difference between the Orbiter RGA’s and the SRB RGA'’s is the additional roll gyro within
the Orbiter RGA's.

5.2.3 Performance Data/Limitations

Maximum gyro output +10 deg/s pitch rate
+10 deg/s yaw rate
Warmup time 5 min

Power requirements 18 W at sync speed
28 W during spin-up
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5.3 ACCELEROMETER ASSEMBLIES

5.3.1 Introduction

There are four body-mounted accelerometer assemblies (AA’s) on the Orbiter. The AA’s are mounted in
the forward avionics bays (fig. 5-1). Each AA contains two single-axis Honeywell accelerometers
positioned such that one senses lateral accelerations along the Y-axis and one senses normal
accelerations along the Z-axis. Lateral and normal accelerations from the AA’s are used in flight control
feedback loops to provide stability augmentation during ascent and entry. Currently, the AA’s are
powered off during the on-orbit phase and reactivated for the sensor self-test prior to deorbit.

5.3.2 Hardware Description

Power flow and data flow for each AA are depicted in figure 5-6. AA 1 and AA 2 receive main bus power
through circuit breakers, and AA 3 and AA 4 receive main bus power through the use of switches and
RPC's.

The single-axis accelerometers within an AA function identically and have identical components;
therefore, the functional description of the elements and interaction of those elements for one single-axis
accelerometer will be given. The only difference between a lateral and a normal accelerometer is their
positioning within the assembly.

A Honeywell single-axis accelerometer consists of a quartz fiber suspension and pendulum, a photo
diode pickoff, a one-turn torque generator and a dc amplifier (fig. 5-7). A thin coat of silver is vapor-
deposited over the length of the suspension and pendulum, providing a conducting surface. The base of
the pendulum is positioned in a permanent magnetic field such that current flowing in the pendulum
circuit acts as a one-turn torque generator. The optical pickoff consists of a light emitting diode (LED)
lamp and a silicon junction photo diode.

The pendulum assembly is mounted in a hermetically sealed aluminum housing. The housing is filled
with a low viscosity silicon oil to control the dynamic characteristics of the accelerometer.

When zero acceleration exists, the null position is defined such that the base of the pendulum coincides
with the photo diode pickoff slot and zero differential voltage exists at the output of the photo diodes. The
pendulum deflects from the null position when acceleration is applied. Light unbalance on the two halves
of the photo diode results in a differential voltage output to the dc amplifier. Polarity of voltage depends
upon which direction the pendulum moves. The signal from the amplifier is fed back to the pendulum
one-turn torque generator, in the proper polarity, to rebalance the pendulum at an offset position. When
the acceleration is removed, the amplifier and pendulum are returned to the null position.

The torque generator also provides the capability to generate an output signal in proportion to the
magnitude of an external signal, a self-test command.
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Figure 5-7 - Accelerometer assembly

5.3.3 Performance Data/Limitations

Maximum output Power requirement
Normal +49’s Low (quiescent) 22W
Lateral +1g High (operational) 24W
Warmup time 5 min

5.4 GNC/MDM/BUS LOSS MATRIX

a. Purpose

To provide a quick-look reference to determine what guidance, navigation, and control (GNC)
equipment or redundancy is lost for given power bus or multiplexer/demultiplexer (MDM) failures
(table 5-1).

b. Procedures
The matrices are set up with all GNC redundant components listed along the top in vertical columns.
Along the side in horizontal rows are listed all of the power buses and the flight-critical MDM’s. An x in

a given column and row indicates that a failure of the power bus or MDM labeled in the left column for
that row will result in the loss of the equipment or redundancy labeled at the top of that column.
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Table 5-1, - RGA/AA MDM/Bus Loss Matrix

RGA 2
RGA 3

||RPC C|RGA 4

||RPCC RGA 3
||RPCA SRB

"RPCB SRB
"RPC clrea1
"RPCB SRB
"RPCC RGA2
"RPCA SRB

||RPCA RGA 4
||RPCB AA 4

||RPC A|lRGA 1

||RPC B
"RPC Cc
||RPC C
"RPC C

VMNADAL
FPCL
FLCT
FMCL
AC1pC
AC1 3p FMC1
MPC1
APC4
ALCI
APCT
014
014 & A8
VMNADAZ
FPC2
FLC?
FMC2
AC2pC
AC?2 3p FMC2
APC5
ALC?
APC2
015
015 & A8
VMNADA3
FPC3
FLC3
FMC3
AC3 A
AC3pC
AC33p FMC3
MPC3
APC6
ALC3
APC3
016
016RID
CNTL ABL
AB2
AB3
CNTL BCL
BC2
BC3
CNTL CAL
CA2
CA3
ESS 1BC
2CA
3AB
FE1

I ||RPCA AA 3

H

_
| ',
i']I o '
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5.5 ORBITER RATE GYRO ASSEMBLIES SOFTWARE OPERATIONAL DESCRIPTION

5.5.1 General Software Description

The four Orbiter RGA's provide body rates for flight control stability augmentation and ADI rate needle
signals. The RGA subsystem operating program (SOP) functions are unit conversion from voltages to
deg/s and rate compensation. RGA self-test is carried out in operational sequence (OPS) 9 (prelaunch)
and OPS 8 (on orbit). The RGA SOP sends RGA 1, 2, 3, 4 roll, pitch, and yaw rates to redundancy
management (RM) for selection filtering (SF) and fault detection, isolation, and reconfiguration (FDIR)
(fig. 5-8).

A significant difference between Orbiter RGA software and either SRB RGA or AA software is the

addition of SMRD RM. The outputs of SMRD RM will be passed on to the Orbiter RGA FDIR, TLM, crew
display, and GAX (fault message).

5.5.2 Orbiter Rate Gyro SMRD RM

The Orbiter RGA SMRD RM'’s principal purpose is to monitor the Orbiter Spin Motor Rotation Detector
Indication (SRMD IND) discretes and to determine the power fail status of the associated RGAs. If the
SMRD RM detects a RGA failure it deselects the failed RGA and removes it from the RM set. SMRD RM
terminates if only one RGA is available.

SMRD RM processing will utilize the pitch, yaw, and roll SMRD IND discretes from each Orbiter RGA.
The SMRD determines if the gyro is spinning outside of the specified spin speed by +2%. SMRD FDIR
and SF will be performed on each set of RGA discretes. A SMRD IND discrete of ‘0’ indicates a fail
condition.

A significant failure mode that SMRD RM protects against is a dual RGA failure due to loss of power.
When a RGA losses power, a rate spike is generated in each of the three axis. This response lasts
about 20 seconds and reaches a peak value of approximately 50% (absolute value) of the output range
(10 deg/sec in pitch and yaw, 20 deg/sec in roll). Without SMRD RM the Orbiter RGA RM will select
erroneous rates for use by flight control for this dual fail case.

5.5.2.1 Orbiter RGA SMRD FDIR

The basic function of Orbiter RGA SMRD FDIR is to detect a single axis SMRD_IND failure. For each
axis, a miscompare counter is incremented when that axis does not agree with the other two. If this
miscompare exists for ten cycles then SMRD FDIR declares that SMRD axis failed and sets
RGA_SMRD_FAIL to off (0) for that RGA axis. For SMRD_FAIL, ‘1’ indicates that an axis has not failed
and is available, and ‘0’ indicates that an axis has failed. SMRD_FAIL can take on any of the following
values shown in table 5-II.
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Table 5-11, Possible Orbiter RGA SMRD FAIL combinations
SMRD_IND (RPY) Indication

1171 All three SMRD axis are indicating a non-failed status and are
available for use in the SMRD SF.

‘0171, '102’, or ‘110’ | S single SMRD axis indicates a fail status. Only two SMRD
axes are available for use by SMRD SF.

Once SMRD FDIR has failed a single SMRD axis for a RGA, SMRD FDIR is no longer executed for that
RGA. The actions of SMRD FDIR are summarized in Table 5-111.

Table 5-11l, Orbiter RGA SMRD FDIR actions

Available SMRDs Action
3 SMRD axis declared failed if it disagrees with the majority vote
for ten consecutive cycles.
2,1,0r0 RGA SMRD FDIR is terminated.

5.5.2.2 Orbiter RGA SMRD SF

Orbiter RGA SMRD SF is performed if there are at least two RGAs available, otherwise SRMD RM
terminates. At the three level of available SMRDs, SMRD_SF_OUT (‘1’ = not failed, ‘0’ = failed) is set to
the majority vote of the SMRD axes. If a dual (or triple) axis SMRD failure exists for this cycle, the SMRD
SF will indicate a power failure since the majority vote is ‘0. SMRD FDIR will not be allowed to cycle and
determine if this is a transient failure - SMRD RM will immediately fail this RGA.

If Orbiter RGA SMRD FDIR has failed a SMRD axis then SMRD SF is performed at the two level. If
either of the remaining two axes are good (SMRD_IND = ‘1"), then the RGA is considered operational.
When both of the remaining SMRD axes have failed, SMRD_SF_OUT is set to fail for the RGA. The
output of the SMRD SF is summarized in Table 5-1V.

Table 5-1V, Orbiter RGA SMRD SF output
Available SMRDs Output

3 Majority vote of three SMRDs

If SMRD_IND = ‘111", ‘011’, ‘101’, or ‘110’ then:
SMRD_SF_OUT = good (‘1)

Else:
SMRD_SF_OUT =fail (‘0")

2 If either available SMRD_IND is good (‘1’) then:
SMRD_SF_OUT = good (‘1)

Else:
SMRD_SF_OUT =fail (‘0"

lorQ Not possible (FIDR termination after first fail)

It should be noted that SMRD SF is not processed at the one or zero level since FDIR terminates after
declaring one SMRD axis failed.
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If SMRD SF has identified a power fail, then the RGA is deselected to avoid the associated transient
spike in sensed rates (reference Flight Rule A8.1.3-3). The power fail is then annunciated for GAX, TLM,
and crew displays.

5.5.2.3 Functional description of Orbiter RGA SMRD RM Module

The following is a summary of the software module GQR_ORB_RGA_SMRD_RM. Refer to figures 5-9.a
through 5-9.c with the following text.

On the first pass, SMRD RM is initialized to the not failed case. On the first and each subsequent pass,
the number of RGAs available is determined.

A DO loop is set up to process each of the four RGA separately. For each non-comfaulted (non-CF)
RGA, the following steps are performed:
1. The SMRD discretes for this RGA are copied into a local bit string.
2. [Fault Detection, Isolation and Reconfiguration] If none of the SMRD RM parameters for a
RGA are failed, then SMRD FDIR is performed. FDIR identifies a faulty SMRD and removes
it from the SMRD SF. A counter is incremented for each cycle that the SMRD disagrees with
the other SMRDs, otherwise the counter is reset to zero. The faulty SMRD is failed when the
counter reaches ten.
3. If atleast two RGAs are not failed or deslected, then continue, otherwise SMRD RM
terminates for the current cycle and the following step is not performed.
4. [Selection Filter] The SMRD SF outputs a majority vote of three SMRDs, or a logical ‘OR’ if
only two are available. If the SMRD SF indicates that the RGA has suffered a power failure
(BIN ='0’), then the RGA is immediately failed and deselected, display and GAX are notified
of the power fail, and the associated POWER_FAIL flag is set.

It is possible for some cases to immediately fail a RGA. (Power or SMRD IND transients.) In the event
of such a failure, SMRD RM does not latch the power fail/deselect command for a RGA, but continues to
monitor the SMRD IND discretes after it has detected a power fail. Latching occurs only when SMRD

RM sends a command to the Orbiter RGA SF to latch the RGA as failed. The fail status may be removed
(reselected, unlatched) via an item entry on SPEC 53. The only variable that is latched in SMRD RM is
the SMRD FAIL discrete which is latched in SMRD FDIR. Therefore, if a RGA is failed by SMRD RM for a
transient problem, it may be reselected.
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Figure 5-9.a - Orbiter RGA SMRD RM module overview
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Figure 5-9.b - Orbiter RGA SMRD RM module initialization, RGA availability, and FDIR
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Figure 5-9.c - Orbiter RGA SMRD SF and RM outputs
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5.5.3 Orbiter Rate Gyro SOP

The principle function of the Orbiter rate gyro (ORB RG) SOP is to perform data compensation of the
measured Orbiter rate gyro roll, pitch, and yaw signals and send the four redundant signals to RM. The
compensation function is executed at the 25 Hz rate during MM’s 101, 102, 103 (until main engine zero
thrust), 304, 305, and 601 through 603; and at the 12.5 Hz rate after main engine zero thrust through MM
106, and MM'’s 301 through 303. The ORB RG SOP is processed prior to the SF (fig. 5-10).

The ORB RG compensation function shall consist of applying bias and scale factor terms to convert the
measured rate data into engineering units (deg/ sec) in floating point format. Provisions shall be made

for unique scale factor and bias values for each measured signal. The compensation equation shall be
as follows.

YC=YM+C+K
where:
YC = Compensated RG signal (deg/s)
YM = Measured RG signal (V dc)
C = Compensation scale factor (deg/s/V dc)
K = Compensation bias (deg/s)

Four redundant signals are sent by the rate gyros (roll, pitch, and yaw) to the Orbiter RGA RM. If an out-
of-range signal is received, this signal is not used in determining the final selected data.

If a orbiter RGA bias, or scale factor, is observed during operations in flight, an uplink is available to
regain function of the LRU. This is implemented per RGA to correct either the C or K terms in the above
equation in the PASS MM 301. There is no uplink compensation provided in the BFS. Once a RGA has
been corrected and after evaluation of the compensated signal, it may be reselected in the selection
filter. For details on implementation of the uplink compensation, see the Sensor AA/RGA Calibration
procedure in the GNC Console Handbook.

The ORB RG SOP interfaces are indicated on the functional block diagram in figure 5-10. The input and
output interface parameters are presented in tables 5-V and 5-VI. The parameter initialization
requirements are shown in table 5-VII.

ANALOG ROLL
ROLL
SIGNALS (4) RATES W)y, | ORB RGA SOP | COMPENSATED
RGA's > A ROLL RATES (4) L
ANALOG >’ RM
“) PITCH MDM's | PITCH RATE COMPENSATED
SIGNALS (4| @ [RATES )| COMPENSATION | pircuraTes (4 o,
~ = ORB RG FDIR
ANALOG VAW (ORB_RGA_COMP) | COMPENSATED
YAW RATES (4 YAW RATES (4) o
SIGNALS (4), 5
»

25 Hz/12.5 Hz

Figure 5-10, Orbiter RG SOP functional block diagram
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Table 5-V - ORB RGA SOP Input Parameters
FSSR MSID Description Input Signal Range Units Rate
Name source type (See note A) (Hz)
PM(1) V79R1830C Gyro 1 roll rate RGA 1 Fixed pt +5.00 Vdc see note B
(+40.0, -40.0) (deg/s)
PM(2) V79R1835C Gyro 2 roll rate RGA 2 Fixed pt +5.00 V dc see note B
(+40.0, -40.0) (deg/s)
PM(3) V79R1840C Gyro 3 roll rate RGA 3 Fixed pt +5.00 Vdc see note B
(+40.0, -40.0) (deg/s)
PM(4) V79R1845C Gyro 4 roll rate RGA 4 Fixed pt +5.00 V dc see note B
(+40.0, -40.0) (deg/s)
QM(2) V79R1831C | Gyro 1 pitchrate | RGA 1 Fixed pt +5.00 V dc see note B
(+20.0, -20.0) (deg/s)
QM(2) V79R1836C | Gyro 2 pitchrate | RGA 2 Fixed pt +5.00 Vdc see note B
(+20.0, -20.0) (deg/s)
QM(3) V79R1841C | Gyro 3 pitchrate | RGA 3 Fixed pt +5.00 Vdc see note B
(+20.0, -20.0) (deg/s)
QM(4) V79R1846C | Gyro 4 pitchrate | RGA 4 Fixed pt +5.00 V dc see note B
(+20.0, -20.0) (deg/s)
RM(21) V79R1832C | Gyro 1 yaw rate RGA 1 Fixed pt +5.00 Vdc see note B
(+20.0, -20.0) (deg/s)
RM(2) V79R1837C | Gyro 2 yaw rate RGA 2 Fixed pt +5.00 V dc see note B
(+20.0, -20.0) (deg/s)
RM(3) V79R1842C | Gyro 3 yaw rate RGA 3 Fixed pt +5.00 Vdc see note B
(+20.0, -20.0) (deg/s)
RM(4) V79R1847C | Gyro 4 yaw rate RGA 4 Fixed pt +5.00 V dc see note B
(+20.0, -20.0) (deg/s)

Notes: A) Values in parentheses indicate equivalent engineering units.
B) 25Hzin MM 101, 102, 103, 304, 305, 601, 602, 603
12.5 Hz after zero thrust, MM 104, 105, 106, 301, 302, 303
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Table 5-VI - ORB RGA SOP Output Parameters
FSSR MSID Description Output Signal Range Units Rate
Name destination type (Hz)
PC(1) | V95R4001C | Compensated SF Float pt +40.0 Deg/s see note A
roll rate 1 ORB RG FDIR
TLM
PC(2) | V95R4002C | Compensated SF Float pt +40.0 Deg/s see note A
roll rate 2 ORB RG FDIR
TLM
PC(3) | V95R4003C | Compensated SF Float pt +40.0 Deg/s see note A
roll rate 3 ORB RG FDIR
TLM
PC(4) | V95R4004C | Compensated SF Float pt +40.0 Degl/s see note A
roll rate 4 ORB RG FDIR
TLM
QC(1) | V95R4031C | Compensated SF Float pt +20.0 Degl/s see note A
pitch rate 1 ORB RG FDIR
TLM
QC(2) | V95R4032C | Compensated SF Float pt +20.0 Deg/s see note A
pitch rate 2 ORB RG FDIR
TLM
QC(3) | V95R4033C | Compensated SF Float pt +20.0 Degl/s see note A
pitch rate 3 ORB RG FDIR
TLM
QC(4) | V95R4034C | Compensated SF Float pt +20.0 Deg/s see note A
pitch rate 4 ORB RG FDIR
TLM
RC(1) | V95R4061C | Compensated SF Float pt +20.0 Deg/s see note A
yaw rate 1 ORB RG FDIR
TLM
RC(2) | V95R4062C | Compensated SF Float pt +20.0 Deg/s see note A
yaw rate 2 ORB RG FDIR
TLM
RC(3) | V95R4063C | Compensated SF Float pt +20.0 Degl/s see note A
yaw rate 3 ORB RG FDIR
TLM
RC(4) | V95R4064C | Compensated SF Float pt +20.0 Deg/s see note A
yaw rate 4 ORB RG FDIR
TLM
Notes: A) 25 Hzin MM 101, 102, 103, 304, 305, 601, 602, 603

12.5 Hz after zero thrust, MM 104, 105, 106, 301, 302, 303
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Table 5-VII - ORB RGA SOP Initialization Parameters

FSSR MSID Nomenclature MC Value RI units

Name

CP(1) |V97U3418C | Comp scale factor - roll rate 1 01 | +8.0000000E+00 | Deg/s/V dc
03 | +8.0000000E+00

CP(2) | V97U3419C | Comp scale factor - roll rate 2 01 | +8.0000000E+00 | Deg/s/V dc
03 | +8.0000000E+00

CP(3) | V97U3420C | Comp scale factor - roll rate 3 01 | +8.0000000E+00 | Deg/s/V dc
03 | +8.0000000E+00

CP(4) |V97U3421C | Comp scale factor - roll rate 4 01 | +8.0000000E+00 | Deg/s/V dc
03 | +8.0000000E+00

CQ(1) |Vv97U3422C | Comp scale factor - pitchrate 1 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CQ(2) | Vv97U3423C | Comp scale factor - pitchrate 2 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CQ(3) | V97U3424C | Comp scale factor - pitchrate 3 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CQ(4) | V97U3425C | Comp scale factor - pitchrate 4 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CR(1) [V97U3426C [ Comp scale factor - yawrate 1 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CR(2) |[V97U3427C | Comp scale factor - yawrate 2 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CR(3) [Vv97U3428C [ Comp scale factor - yawrate 3 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00

CR(4) |[V97U3429C [ Comp scale factor - yawrate 4 | 01 | +4.0000000E+00 | Deg/s/V dc
03 | +4.0000000E+00
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Table 5-VII - Concluded
FSSR Name MSID Nomenclature MC Value RI units

KPORB(1) V97U3532C Comp bias - roll rate 1 01 +0.0E+00 Deg/s
03 +0.0E+00

KPORB(2) V97U3533C Comp bias - roll rate 2 01 +0.0E+00 Deg/s
03 +0.0E+00

KPORB(3) V97U3534C Comp bias - roll rate 3 01 +0.0E+00 Deg/s
03 +0.0E+00

KPORB(4) V97U3535C Comp bias - roll rate 4 01 +0.0E+00 Deg/s
03 +0.0E+00

KQ(1) V97U3583C Comp bias - pitch rate 1 01 +0.0E+00 Deg/s
03 +0.0E+00

KQ(2) V97U3584C Comp bias - pitch rate 2 01 +0.0E+00 Deg/s
03 +0.0E+00

KQ(3) V97U3585C Comp bias - pitch rate 3 01 +0.0E+00 Deg/s
03 +0.0E+00

KQ(4) V97U3586C Comp bias - pitch rate 4 01 +0.0E+00 Deg/s
03 +0.0E+00

KRORB(1) V97U3589C Comp bias - yaw rate 1 01 +0.0E+00 Deg/s
03 +0.0E+00

KRORB(2) V97U3590C Comp bias - yaw rate 2 01 +0.0E+00 Deg/s
03 +0.0E+00

KRORB(3) V97U3591C Comp bias - yaw rate 3 01 +0.0E+00 Deg/s
03 +0.0E+00

KRORB(4) V97U3592C Comp bias - yaw rate 4 01 +0.0E+00 Deg/s
03 +0.0E+00
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5.5.4 Orbiter Rate Gyro RM

The status of each RGA can be found on the GNC SYS SUMM 1 display (fig. 5-11) which receives failure
(+) and COMM fault (CF) (M) indications from RM FDIR. A general block diagram is shown in figure 5-
12.

A significant difference between Orbiter RGA RM and either SRB RGA RM or AA RM is the addition of
SMRD RM. The orbiter RGA SMRD RM monitors the Orbiter Spin Motor Rotation Indication (SMRD
IND) discretes to determine the power fail status of the associated RGA.

5.5.4.1 Orbiter RGA FDIR

The purpose of RGA FDIR is to determine which of the RGA parameters (roll rate, pitch rate, or yaw rate)
should be declared failed (fig. 5-12).

Candidates for FDIR are roll, pitch, and yaw rates from RGA 1, 2, 3, and 4. FDIR will detect the first
failure only. Once the failed RGA is identified, the failure will be annunciated through a fault summary
message (FSM) RM FAIL RGA, an SM alert light and tone, and status indication on GNC SYS SUMM 1
display of a | to indicate which RGA has failed. Since FDIR is terminated after the first failure, no RM
DLMA RGA fault message will be generated. In the early design of the space shuttle flight software,
three- and two-level FD was included. In order to limit the authority of RM, the decision was made to not
implement it. A GAX message, “RM DLMA RGA" still exists, but it can never be activated. CF’s from the
flight computer operating system (FCOS) will also downmode the RM to the three level and display M on
SYS SUMM 1 display. Crew deselect of RGA in OPS-8 will also downmode RM to the three level and
display a | on SYS SUMM 1 display. See table 5-VIIl, ORB RGA GAX Annunciation.

For each RGA parameter (roll rate, pitch rate, and yaw rate), the following comparisons are made.

|P1 - Pg| > LIM where:
P1(2,3,4) = each RGA rate
|Po - Pg| > LIM Pg = selected rate from SF
|----| = absolute value
|P3 - Pg| > LIM LIM = (selected rate) (scale factor) + bias
|P4 - Pg| > LIM

An RGA is declared failed if any parameter of that RGA miscompares with the selected rate for 10
consecutive times (10 sec period) in OPS 1 and 6, and 3 times (3 sec period) in OPS 3. FDIR
downmodes the failed line replaceable unit (LRU) and then FDIR terminates. No subsequent failures will
be detected, only CF's and crew deselects will downmode the SF scheme.

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

Table 5-VIIl - ORB RGA GAX Annunciation
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MML no. Nomenclature Source OPS ALRM MSG Message text
avall ID
CL ID Major Min
V90X5401X | ORB RGA 1 fail RGAFDIR| 1,3,6
V90X5501X | ORB RGA 2 fail RGAFDIR| 1,3,6
V90X5601X | ORB RGA 3 fail RGAFDIR| 1,3,6
V90X5651X | ORB RGA 4 fail RGAFDIR| 1,3,6
V94X4733X | RGA 1/2/3/4 FL MSG 1,3,6 3 13654 |RM FAIL RGA
V90X5429X | ORB RGA roll rate disagree | RGAFDIR| 1,3,6
ORB RGA pitch rate
V90X5430X |disagree RGAFDIR| 1,3,6
ORB RGA yaw rate disagree
V90X5431X | ORB RGA DLMA MSG* RGAFDIR| 1,3,6
VI4X4791X 1,36 2 3 13854 [RM DLMA | RGA
XXXX /XXX /018 GNC SYS SUMM 1 XX X DDD/HH: MM : SS
DDD/HH: MM : SS
RCS JET ISOL
MANF| FAIL | VLV SURF POS MOM DPS 1 2 3 45
F1 | XXX XXS L OB XXX.XS  XXS GPC S S S S S
2 |IXXX XXS IB XXX XS  XXS MDM FF S S S S
3 XXX XXS R IB XXX.XS  XXS FA. SS S S
4 XXX XXS OB XXX.XS  XXS
5 XXX XXS AlL XXX.X
FCS CH 1 3 4
L1 |XXX XXS RUD XXX.X SSSS
2 | XXX XXS SPD BRK  XXX.X
3 XXX XXS BDY FLP  XXX.X
4 XXX XXS XXXXXX NAV 1 23 4
5 XXX XXS IMU S S S
R1 [xxx XXS CNTLR 1 23 ACC SSSS
2 [xxx XXS RHC L S S S RGA SSSS
3 [xxx XXS R S SS TAC SSS
4 |xXxXx XXS A SSS MLS S S S
5 |XXX XXS THC L S S S ADTA S S S S
A SSS
SBTC L S S S
R SSS

Figure 5-11, GNC SYS SUMM 1 display (PFS)
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Figure 5-12, General RM block diagram
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554.2 SF

The purpose of the RGA SF is to select single values of roll, pitch, and yaw rates to provide to the users.
Candidates are the rates from RGA 1, 2, 3, and 4.

An RGA is downmoded in the SF if a failure is indicated by the SF command (SFC) from FDIR. SF is
also downmoded for CF’s. If the CF disappears, the SF will upmode.

There are five different SF functional modes depending on the usable level of input data redundancy.
The interchangeable midvalue select (IMVS) filter mode shall provide signal selection from four valid
input signals and shall provide protection from any single failure and from dual null failures. Whenever
the true input value is greater than the I-load null threshold value, a non-null signal will be selected.
When the true input cycles above and below the null threshold level, the switching of the output between
the null and true values will be minimized. See figure 5-13, IMVS flow diagram. The midvalue select
(MVS) mode provides a datum output value equal to the input value that lies between the other two
values when three valid inputs are available. See figure 5-14 MVS routine flow diagram. The average
(AVE) mode provides an output datum value that is the arithmetical average of two values when two valid
inputs are available. See figure 5-15, AVE and tracking test flow diagram. The primary avionics system
software (PASS) mode provides a datum output value equal to a single datum input value. The no-
available-sensor (NAS) mode does not provide a new datum output value; i.e., the output value shall
remain unchanged from its previous valid value. (This action results from the fact that the SF output
common data pool (COMPOOL) location is fixed until updated. Failure to output a new value leaves the
old value in the COMPOOL location.)

The ORB RGA FDIR input and output interface parameters are presented in tables 5-1X and 5-X. The

FDIR parameter initialization requirements are shown in table 5-XI. The ORB RGA SF input and output
interface parameters are shown in table 5-XII.

5.5.5 Self-Test Operations

a. Ops 8 On-Orbit Self-Test Procedures

The self-test procedure for the Orbiter RGA'’s are executed from specialist function (SPEC) 041,
RGA/ADTA/RCS. The SPEC display and its functional operations are shown in section 5.13, Sensor
Self-Test. The vehicle rates are nulled (<0.02 deg/s) using the RCS JETS VERN, and minimum
vehicle accelerations are established by placing the vehicle in free drift (DAP: FREE).
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TABLE 5-X - ORB RGA FDIR Output Parameters

MSID Nomenclature Destination Range Units
VI0X5401X ORB RGA 1 fall GAX,TLM 0,1

V90X5501X ORB RGA 2 fall GAX,TLM 0,1

V90X5601X ORB RGA 3 fall GAX,TLM 0,1

VI90X5651X ORB RGA 4 fall GAX, TLM 0,1

VI0U5660X ORB RGA SF command SF 1,4

VO0X5429X ORB RGA roll rate disagree GAX,TLM 0,1

V90X5430X ORB RGA pitch rate disagree GAX,TLM 0,1

V90X5431X ORB RGA yaw rate disagree GAX,TLM 0,1

VI0X5417X ORB RGA 1 pitch fall TLM

VI90X5418X ORB RGA 1 yaw fail JLM

VI0X5419X ORB RGA 1 roll fall TLM

VI0X5420X ORB RGA 2 pitch fall TLM

V90X5421X ORB RGA 2 yaw fall TLM

V90X5422X ORB RGA 2 roll fall TLM

V90X5423X ORB RGA 3 pitch fall TLM

V90X5424X ORB RGA 3 yaw fail TLM

V90X5425X ORB RGA 3 roll fall TLM

VI0X5426X ORB RGA 4 pitch fall TLM

VI0X5427X ORB RGA 4 yaw falil TLM

VI0X5428X ORB RGA 4 roll fall TLM

V93X4516X RGA 1 DES CMD 6.46 0,1

V93X4518X RGA 2 DES CND 6.46 0,1

V93X4520X RGA 3 DES CMD 6.46 0,1

V93X4522X RGA 4 DES CMD 6.46 0,1
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TABLE 5-XI- ORB RGA FDIR Initialization Parameters
MSID FSSR name Nomenclature MC Value RI units

V97U3021C CON(01) ORG RGA roll rate limit constant 01 |+8.0E-01 Deg/s
03 (+1.19E-00

V97U3022C CON(02) ORG RGA pitch rate limit constant 01 (+5.5E-01 Deg/s
03 |[+6.5E-01

V97U3023C CON(03) ORG RGA yaw rate limit constant 01 (+6.3E-01 Deg/s
03 |[+6.5E-01

V97U3053C LSF(01) ORG RGA roll rate limit SC factor 01 |+8.0E+00 PCT
03 |[+8.9E+00

V97U3054C LSF(02) ORG RGA pitch rate limit SC factor 01 |+6.5E+00 PCT
03 |[+6.0E+00

V97U3055C LSF(03) ORG RGA yaw rate limit SC factor 01 |+6.5E+00 PCT
03 |[+6.0E+00

V97U3079C | N.ORB_RGA |ORG RGA N counter 01 (+10 ND
03 |+3

VI6UB591C PQC ORG RGA roll QMVS constant 01 |+4.0E-01 Deg/s
03 |[+5.95E-01

VI6UB8592C QQC ORG RGA pitch QMVS constant 01 |+2.2E-01 Deg/s
03 |[+3.22E-01

VI6U8593C RQC ORG RGA yaw QMVS constant 01 (+2.2E-01 Deg/s
03 ([+2.2E-01
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TABLE 5-XII.- ORB RGA SF Input/Output Parameters
(a) Input functional parameters for the selection filtering module
MSID FSSR Nomenclature Nomenclature Source Range Units
V90U5660C ORB RGA SF command ORB RG FDIR 14
V91X3700X | RGA_ROLL_CF(1) RGA 1 roll COMM fault FCOS 0,1
V91X3701X [RGAPIT CF(1) RGA 1 pitch COMM fault FCOS 0,1
V91X3702X | RGA_YAW _CF(1) RGA 1 yaw COMM fault FCOS 0,1
V91X3730X | RGA_ROLL_CF(2) RGA 2 roll COMM fault FCOS 0,1
VI91X3731X [RGAPIT_CF(2) RGA 2 pitch COMM fault FCOS 0,1
V91X3732X [ RGA_YAW CF(2) RGA 2 yaw COMM fault FCOS 0,1
V91X3760X | RGA_ROLL_CF(3) RGA 3 roll COMM fault FCOS 0,1
VI91X3761X [RGA_PIT_CF(3) RGA 3 pitch COMM fault FCOS 0,1
V91X3762X [ RGA_YAW _CF(3) RGA 3 yaw COMM fault FCOS 0,1
V91X3790X | RGA_ROLL_CF(4) RGA 4 roll COMM fault FCOS 0,1
VI91X3791X [RGAPIT_CF(4) RGA 4 pitch COMM fault FCOS 0,1
VI91X3792X [ RGA_YAW _CF(4) RGA 4 yaw COMM fault FCOS 0,1
VI95R4001C | PC(1) Compensated roll rate 1 ORB RG SOP +40 Deg/s
VI95R4002C | PC(2) Compensated roll rate 2 ORB RG SOP +40 Deg/s
V95R4003C | PC(3) Compensated roll rate 3 ORB RG SOP +40 Deg/s
VI95R4004C | PC(4) Compensated roll rate 4 ORB RG SOP +40 Deg/s
VI95R4031C | QC(1) Compensated pitch rate 1 ORB RG SOP +20 Deg/s
VI95R4032C | QC(2) Compensated pitch rate 2 ORB RG SOP +20 Deg/s
VI95R4033C | QC(3) Compensated pitch rate 3 ORB RG SOP +20 Deg/s
VI95R4034C | QC(4) Compensated pitch rate 4 ORB RG SOP +20 Deg/s
VI95R4061C | RC(1) Compensated yaw rate 1 ORB RG SOP +20 Deg/s
VI5R4062C | RC(2) Compensated yaw rate 2 ORB RG SOP +20 Deg/s
VI95R4063C | RC(3) Compensated yaw rate 3 ORB RG SOP +20 Deg/s
VI95R4064C | RC(4) Compensated yaw rate 4 ORB RG SOP +20 Deg/s
(b) Output functional parameters form the selection filtering module
MSID FSSR Nomenclature Destination Range | Units
Nomenclature
VI0R5301CA P_ORB Selected RGA roll rate G/C STEER, AJE ATT PROC, +40 Deg/s
E/L ADI PROC, AEROJET DAP,
ASC ADI PROC, ASC DAP, TRANS
DAP, GRTLS DAP, ET SEP SEQ,
SRB SEP SEQ, STAR TRCK SOP,
GN&C/SM-PL IF, ORB RG FDIR, TLM
AEROJET DAP,A/E ATT PROC,
VI0R5321CA Q_ORB Selected RGA pitch rate ASC DAP,TRANS DAP,TAEM UPP, +20 Deg/s
A/L UPP,ASC ADI PROC,RTLS
UPP,GRTLS DAP, GRTLS TAEM
GUID, E/L ADI PROC, ET SEP
SEQ, SRB SEP SEQ, STAR TRCK
SOP,G/C STEER,GN&C/SM-PL IF,
ORB RG DFIR, TLM
G/C STEER, ASC ADI PROC,
VI0R5341CA R_ORB Selected RGA yaw rate E/L ADI PROC, TRANS DAP, +20 Deg/s
A/E ATT PROC, GRTLS DAP,
ET SEP SEQ,SRB SEP SEQ, ASC
DAP, AEROJET DAP, STAR TRCK
SOP,GN&C/SM-PL IF,
ORB RG FDIR, TLM

5-32




RGA/AA

SHUTTLE ORIG:M.INTERBARTOLO
GNC/JSC-18863 7/6/2005:FINAL SB 5.0
ENTER IMVS (R, S,T,U) | @
4
A A 4 v
DO DO DO DO
MVS (R, S, T) MVS (R, S, U) MVS (R, T, U) MVS (S, T, U)
4 )
STORE STORE STORE STORE
AS AS rs (E) AS
Y V ¥
DO
MVS (D, E, F)
STORE
as
y
C
HLOAD IF IA-BI > C >_ IF 1Al > 1Bl Tl x=-1 @
2
E X =0
&
IFX =1 T SS=A
E (1)
SS=B
(1) SS = Selected Signal
RETURN (2) X initialized at 0
(3) Applicable for Orbiter RGA, AA,

and SRB RGA

Figure 5-13 - IMVS flow diagram
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i = DATA
R,S,T=LRU1,2,3
LRU1, 2,4
LRU2, 3,4
ENTRY MVS (R, S, T) LRU1, 3,4
For SRB
RGA, 4 = sel rate from
YES Y NO other side
DATA Ri > DATA SI
\ 4 Y NO
YES NO YES } .
DATA Ri > DATA Ti DATA Si > DATA T
Y YES : NO
YES DATA Si > DATA Ti NO DATA Ri > DATATI

y Y

A

Y Y

DATA OUT = DATA Si

DATA OUT = DATA R

DATA OUT = DATATI

Y A l

RETURN

Figure 5-14 - MVS routine flow diagram
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ENTRY AVE (R, S)

DATA OUT = (DATE Ri + DATA Si)/2

DO AVE (R, S)
Y 5> EXITIFR,S =1L JL KL

Y
YES - NO
IS DGi REQUIRED?

Y

YES NO
IS |DATA Ri - DATA Si|> Ki?
DO FD (R, S)
DG = OFF DG = ON
\ A A
RETURN NOTE: No DG req. for
AA and RGA’s.

Figure 5-15 - AVE and tracking test flow diagram
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Next, the RGA bias data are verified by examining the sensed rates shown on the display SPEC 41.
The bias should be less than the values listed below.

Roll (R) +0.4 deg/s

Pitch (P) 0.2 deg/s

Yaw (Y) +0.2 deg/s

If bias data are outside these limits, the option exists to deselect the appropriate RGA unit from the
RM.

After the bias test has been accomplished, the high and low test is performed from SPEC 41. The
rate data are checked and verified within the limits listed below.

High test Low test
Roll (R) 18.88t0 21.12 -21.12 t0 -18.88
Pitch (P) 9.44 t0 10.56 -10.56 to -9.44
Yaw (Y) 9.44 to 10.56 -10.56 t0 -9.44

If the data are not within the proper limits, deselection of the appropriate RGA is recommended.

The following parameter status indicators (PSI's) displayed beside the appropriate data indicates the
following.

+ Data above limit
| Data below limit
M Data missing (COMM fault)

SMRD indication will be displayed in STAT column if RGA spin motor is not at sync speed.
b. OPS 9 Prelaunch Self-Test Procedure

The self-test procedure for Orbiter RGA's, prelaunch, are executed from SPEC 102,
RCS/RGA/ADTA TEST. The SPEC display and its functional operations are shown in section 5.13.4.
RGA'’s cannot be deselected from RM, but can be enabled/disabled from self-test. The high and low
self-test start initiates self-test on only those LRU’s enabled. The auto sequence initiates both high
and low test on all sensors. The self-test limits and operation are the same as in OPS 8.

5.5.6 BAD SELECTED RGA RATE
This section addresses the problem of bad selected RGA rate feedback in the TRANS DAP, and in
particular as a result of failures during powered flight. The ATT PROC software module and the hip-

pocket procedures which have been developed for dealing with these failure scenarios are discussed.

5.5.6.1 Attitude Processor (ATT PROC) Whias

The ATT PROC module (ATT_PROC_INNER) processes selected RGA rate data at 6.25 Hz. These
rates are integrated to form an attitude quaternion, which is compared to the IMU derived attitude, or the
Quaternion-to-Body Inertial (QBI) attitude quaternion. The difference between these two quaternions
defines an error quaternion (Qincr). If Qincr is nonzero, then the rate correction term, Whias (OMEGA
BIAS) builds up. This Whias term builds up slowly (at a rate of .01 deg/sec/sec) during this time if a bias
remains in the system causing Qincr to be nonzero. (It should be noted that ATT_PROC_INNER does
not reside within the DAP, but rather the various DAPs are users of this module.) The attitude processor
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was designed to detect rate gyro assembly (RGA) biases using IMU data and to generate Whias, which
is automatically applied to the selected RGA rate data for use only by the TRANS DAP and to calculate
QBI between the IMU once-per-second updates. The Whias is used to calculate a corrected rate,
RG_CORR, which is what the TRANS DAP uses for rate feedback (RG_CORR = RATE_GYRO_READ -
Whias). In this equation, RATE_GYRO_READ is the selected RGA rate feedback. Once the corrected
rate data from RG_CORR agrees with the IMU data, Wbias will stop incrementing. Any changes that
cause RG_CORR to disagree with the IMU data (IMU problems and/or RGA problems) will cause Whbias
to change in order to make RG_CORR consistent with the IMU data. Aside from any additional sensor
failures, if the vehicle has a real rate, then that will be reflected in the IMU data and in the
RATE_GYRO_READ term. Whbias will change only to make RG_CORR agree with the rates from the
IMU data. Thus, with bad selected RGA rate, RATE_GYRO_READ will deliver an incorrect vehicle rate,
and Whias will bias it to compensate for the rate discrepancy.

5.5.6.2 Example Case

Assume that two RGAs are failed and a bias is induced on one of the two remaining RGA's (three failure
case). The IMU derived QBI will disagree with the RGA derived attitude quaternion, and Whbias begins
building at .01 deg/sec/sec. When RC_CORR (the sum of Whias and the selected RGA rate feedback)
agrees with the IMU data, the system has been compensated and Whbias remains constant. Because the
rate at which the correction term can be generated is limited to .01 deg/sec/sec, its effectiveness in
dealing with large RGA biases is dependent upon the amount of time there is for Wbias to build prior to
being used in the TRANS DAP (or, prior to MECO). This complicates the crew procedures for dealing
with large biases (once in the TRANS DAP post MECO) in cases where the bad RGA cannot be
identified, or when it cannot be immediately deselected.

For a specific case let us assume that only RGA's 1 and 4 are available, and that the selected RGA Roll
rate is biased by about 4.5 deg/sec (RGA 4 biased +9.0 deg/sec, RGA 1 good), for about 8 minutes of
powered flight. (Assume that the crew is unable to deselect RGA 4 due to other systems failures and/or
crew workload.) Ascent control is maintained because the IMU data updates the indicated vehicle rate
data at 1.04 Hz, and because the bias is in the Roll axis. Attitude and rate oscillations are seen
throughout powered flight (plots show a ratcheting signature), but the ASCENT DAP does not allow the
apparent rate to manifest itself because of the correcting IMU data every second. The calculation of
Whias is a function of the magnitude of the rate bias (RGA Roll bias in this case) for bias magnitudes up
to 0.1 deg/sec. For larger biases (as in this case), Whbias simply builds at .01 deg/sec/sec. For this case
Whias increases to a value of 4.5 deg/sec (0.01 deg/sec/sec x 480 sec maximum) before MECO. The
actual vehicle rate at MECO is about 0 deg/sec, so with RGA 4 still selected, the selected RGA Roll rate
is about 4.5 deg/sec (average of RGA 4 and RGA 1). The TRANS DAP compares the corrected RGA
rate (RG_CORR) with the commanded rate to form a rate error command. Immediately after MECO,
RG_CORR is about zero, since RG_CORR = RATE_GYRO_READ - Whbias. This is because there is
sufficient time for Wbias to become equal to the average RGA bias prior to MECO, and fully compensate
the RATE_GYRO_READ which was biased. There is no rate buildup when first entering the TRANS
DAP (even if the DAP is not in INRTL PULSE in Roll), because the system has compensated for the
RGA bias. But, if RGA 4 is deselected, a rate will build up since Whias is nonzero.

In this case where RGA 4 is not deselected (for whatever reason) during powered flight, the system is
compensated and there is no problem. Recall that for this case there is no rate build up immediately post
MECO is because Whias had sufficient time to compensate for the RGA bias. This will not always be the
case. Any time the RGA bias goes into the system late in powered flight, Wbias will have less time to
build up. If the RGA bias is large enough, then RG_CORR will be nonzero when the TRANS DAP is
entered at MECO, and without going free drift (or INRTL PULSE), the vehicle rate will build up.

5.5.6.3 Suggested Hip-Pocket Procedures
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There are two basic cases of interest here. Because this is a three failure scenario, it is prudent to keep
the procedures as simple as possible so that they may be applied to variations of the two scenarios. One
scenario is that of a fairly nominal ascent with respect to performance and trajectory, so that an OMS-1
burn is not required. In this case, there will be more time post ET SEP before AUTO DAP (AUTO or
INRTL DISC) is required, and thus we can wait for Wbias to go to zero. The other case is where either
an OMS-1 is required, or there is other pressing reason to get back to AUTO DAP after ET sep. These
scenarios are discussed separately here. It should be noted that the ADI rate pointers are driven with
selected RGA data, not RG_CORR data. This means that with a good RGA and an RGA failed to null for
example, the rate pointers will still indicate when the actual vehicle rates are zero.

I) Procedure for No OMS-I Required

NOTE: Always note the total time that the failure is in the system, causing a bad selected rate.
Pre-MECO

Bad RGA - DES (SPEC 53)

ET SEP — MAN
Post-MECO, No OMS-1 Required

ET SEP - MAN (pre-MECO if possible)

DAP - INRTL PULSE in affected axis

Bad RGA - DES (SPEC 53, pre-MECO if possible)

NULL vehicle rates

*  Use rate pointer on the ADI as a NULL indicator. When
* actual vehicle rate is zero, the pointer will be zeroed. *

ET SEP - AUTO, when rates equal zero (or, MCC confirms less than 0.7 all axes)

DAP - AUTO, after waiting an elapsed time equal to the amount of time that the RGA bias
was in the system.

Once the actual vehicle rate is zero and the bad RGA is deselected, Whias will decrease to zero at .01
deg/sec/sec, to make RG_CORR agree with the IMU data. It will take the same amount of time for
Whias to decrease to zero that it took to build to its previous value. Once Whias is zeroed, it is safe go
back to AUTO DAP without building rates. If possible, the configuration back to AUTO should be delayed
a little longer to ensure that Whias is zero. Also, note that this procedure assumes that good IMU data
was available throughout powered flight. If this is not the case, Wbias will be reflecting RGA biases and
IMU problems. In any case, if a rate builds on the vehicle when going to back AUTO, go back to INRTL
PULSE and assume that Whias is not zero.

II) Procedure for OMS-I Required

NOTE: Always note the total time that the failure is in the system, causing a bad selected rate.

Pre-MECO

Bad RGA - DES (SPEC 53)
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ET SEP - MAN
Post-MECO, OHS-1 Required
ET SEP - MAN (pre-MECO if possible)
DAP - INRTL PULSE in affected axis
Bad RGA - DES (SPEC 53, pre-MECO if possible)
NULL vehicle rates

*  Use rate pointer on the ADI as a NULL indicator. When
* actual vehicle rate is zero, the pointer will be zeroed.

IMU 2,3 - DES (SPEC 51)
IMU 1 - DES

Wait for IMU DG flag to go BAD, indicated *
* by "RGA" on SPEC 51, and ADI OFF flags. *

IMU 1,2,3 - RES
DAP - AUTO
ET SEP - AUTO, when rates equal zero (or, MCC confirms less than 0.7 all axes)

ATT_PROC_INNER monitors the IMU data good (DG) flag, and when the DG goes BAD, Whias is reset
to zero. The assumption is that AUTO DAP is required ASAP for OMS-1. Resetting the IMU DG flag
resets Whias to zero and allows AUTO DAP immediately. Note that if the RGA bias went in very late in
powered flight, then Wbias will be much smaller. The time required for Wbias to go to zero will also be
smaller. If that relatively short time period can be afforded before selecting AUTO DAP for OMS-1, then
Whias can be allowed to go to zero and the IMU DES/RES is not necessary. Note that this assumes no
IMU failures, and if there are IMU failures, then the DES/RES process should apply only to the good
IMU's. The bad IMU's should remain deselected. Also, note that the IMU DES/RES is done to reset the
IMU DG flag and make Whias zero, in order to get back to AUTO DAP sooner. This could be done after
ET sep, since the sep could be done in INRTL PULSE as in the previous procedure. However, the
assumption here is that it takes the same amount of time to perform the DES/RES whether done before
or after ET sep. By doing it before ET sep, the DAP can be in AUTO during, and immediately following
the ET sep.

As a final note, while Whias is used to compensate rate data by the TRANS DAP only, there are some
concerns which apply to the aerojet DAP. The aerojet DAP does not use Whias for rate data, but the
attitude quaternion (QBI) will be ratchety (updated by the once-per-second IMU data), until Whias
compensates the RGA bias in the system.

5.6 BFS ORBITER RGA SOFTWARE

The main functional module for the Orbiter RGA backup flight system (BFS) is the Orbiter RGA Hardware
Interface Program (ORB RGA HIP). The ORB RGA HIP consists of two submodules that perform SF
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and rate compensation. In the ORB RGA HIP, SF is performed before rate compensation (fig. 5-16). In
the primary system, rate compensation is performed before SF (fig. 5-10).

SF in the ORB RGA HIP is performed using the measured rate signals. One roll, one pitch, and one yaw
rate are selected and sent for rate compensation. The SF parallels the PASS SF. At the four level the
rates are processed by IMVS, at the three level by MVS, at the two level by averaging, and passing the
sole rates at the one level. There is no FDIR contained in the ORB RGA HIP. If failures or bad rates
occur, selection is performed using the bad rates; for CF’s, the last value that was seen in COMPOOL
will be used as the SF input for the COMM faulted 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.
There is only one scale factor and bias term for each selected axis output (roll, pitch, and yaw), not for
each RGA axis input as in the PASS. The scale factor and bias values are I-loaded. The compensated
rates are then output to the appropriate users.

5.7 SRB RGA SOFTWARE

The four SRB RGA'’s provide pitch and yaw body rates for flight control stability augmentation in addition
to the Orbiter roll rate gyros during ascent until SRB separation. The SRB RGA SOP performs rate
compensation and unit conversion and sends the compensated rates to RM for SF and fault identification
(fig. 5-17). The ascent thrust vector control module (ASC-TVC) has the ability to blend the selected SRB
yaw rate with the Orbiter yaw selected rate to provide the needed yaw flight stability with filament wound
case (FWC) SRB'’s. Because the FWC SRB's currently don't exist, however, the ASC-TVC software
module is I-loaded to use only the selected SRB yaw rate until SRB separation.

5.7.1 SRB Rate Gyro SOP

The purpose of the SRB rate gyro (SRB RG) SOP principal function shall be to perform data
compensation of the measured left and right SRB RG pitch and yaw signals. The compensation function
shall be executed at the 25 Hz rate prior to the SF principal function.

The SRB RG compensation function shall consist of applying bias and scale factor terms to convert the
measured rate data into engineering units (deg/ sec) in floating point format. Provisions shall be made
for unique scale factor and bias values for each measured signal. The compensation equation shall be
as follows.

YC=YM+ C+K where:
YC = Compensated signal (deg/s)
YM = Measured signal (V dc)
C = Compensation scale factor (deg/s/V dc)
K = Compensation bias (deg/s)

The SRB RG SOP interfaces are indicated on the functional block diagram (fig. 5-18). The input and

output interface parameters are presented in tables 5-XlIl and 5-XIV. The parameter initialization
requirements are shown in table 5-XV.
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Figure 5-16 - BFS ORB RGA data flow
cooooooooooOoOooooOooOooOooOoUoOoobOO0obobDOoO0OooObOOoboDoOOUOoDOoo

SRB PITCH SRB SRB COMP'D SRB SRB SELECTED
RATES (4) PITCHRATES (4) [ RGA RM PITCH RATE
RGA > >

SRB YAW SRB COMP'D SRB SELECTED FLIGHT
RATES (4) SOP YAW RATES (4) FDIR YAWRATE [ CONTROL

ANDBIAS com

SELECTION
COMPENSATION (FSULTS EILTER
(BY AXIS) FCOS—>

Figure 5-17 - SRB RGA data flow
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Figure 5-18 - SRB RG SOP functional block diagram

Table 5-XIII- SRB RG SOP Input Parameters

Name MSID Description Input Signal Range [Units Rate
source [type (Hz)

RGQM(1) [B79R1410C [SRGA uncomp pitchrate1 |[SRGA 1 |Fixed pt |[+5.00 |V dc 25.0
(x10) |(Degls)

RGQM(2) [B79R2410C |SRGA uncomp pitch rate 2 |SRGA 2 |Fixed pt |+500 [V dc 25.0
(+10) |(Deg/s)

RGQM(3) [B79R1412C |SRGA uncomp pitchrate 3 |SRGA 3 |Fixed pt |, 599 |V dC 25.0
(+10) (Degls)

RGQM(4) [B79R2412C | SRGA uncomp pitch rate 4 |SRGA 4 |Fixed pt +5 00 Vdc 25.0
(+10) (Degls)

RGRM(1) [B79R1411C |SRGA uncomp yaw rate 1 SRGA 1 |Fixed pt +5.00 Vdc 25.0
5. (Degls)
(x10)

RGRM(2) [B79R2411C |SRGA uncomp yaw rate 2 SRGA 2 | Fixed pt V dc 25.0
(x10)

RGRM(3) [B79R1413C |SRGA uncomp yaw rate 3 SRGA 3 | Fixed pt V dc 25.0
+5.00 (Deg/s)
(x10)

RGRM(4) [B79R2413C | SRGA uncomp yaw rate 4 SRGA 4 |Fixed pt V dc 25.0
+5.00 |(Deg/s)
(x10)

Note: Values in parentheses indicate equivalent engineering units.
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Table 5-XV.- SRB RGA SOP Initialization Parameters

MSID FSSR name Nomenclature Value |RIl units
V97U3408C CSRBQ(1) Comp scale factor - SRB pitch rate 1 +2.0 Deg/s/V dc
V97U3469C CSRBQ(2) Comp scale factor - SRB pitch rate 2 +2.0 Deg/s/V dc
V97U3410C CSRBQ(3) Comp scale factor - SRB pitch rate 3 +2.0 Deg/s/V dc
V97U3411C CSRBQ(4) Comp scale factor - SRB pitch rate 4 +2.0 Deg/s/V dc
V97U3441C CSRBR(1) Comp scale factor - SRB yaw rate 1 +2.0 Deg/s/V dc
\V97U3442C CSRBR(2) Comp scale factor - SRB yaw rate 2 +2.0 Deg/s/V dc
V97U3443C CSRBR(3) Comp scale factor - SRB yaw rate 3 +2.0 Deg/s/V dc
\V97U3444C CSRBR(4) Comp scale factor - SRB yaw rate 4 +2.0 Deg/s/V dc
V97U3520C KSRBQ(1) Comp bias - SRB pitch rate 1 +0.0 Deg/s
V97U3521C KSRBQ(2) Comp bias - SRB pitch rate 2 +0.0 Deg/s
V97U3522C KSRBQ(3) Comp bias - SRB pitch rate 3 +0.0 Deg/s
V97U3523C KSRBQ(4) Comp bias - SRB pitch rate 4 +0.0 Deg/s
V97U3608C KSRBR(1) Comp bias - SRB yaw rate 1 +0.0 Deg/s
V97U3609C KSRBR(2) Comp bias - SRB yaw rate 2 +0.0 Deg/s
V97U3610C KSRBR(3) Comp bias - SRB yaw rate 3 +0.0 Deg/s
V97U3611C KSRBR(4) Comp bias - SRB yaw rate 4 +0.0 Deg/s

5.7.2 SRB RGA RM

The SRB RGA RM consists of FDIR and an SF; however, there is no provision for fault annunciation to
the crew.

5.7.3 EDIR

The FDIR operates only until the first RM failure or CF. After the first RGA failure, FDIR is not available
for that SRB. SMRD signals are available, but are not used and data good (DG) flags are not generated.
Candidate elements for FDIR shall be those RGA signals currently selected for the SF. For each
parameter type (pitch rate and yaw rate), the following comparisons are made:

|Pq1 - Pgl> LIM where:
|P2 - Pg|> LIM P1(2,3,4) = SRB RGA rate
|P3 - Pg|> LIM Ps = previous selected rate
| ] = absolute value
LIM = (Selected SRB RGA rate) « (Scale Factor) + (Limit Constant)

An SRB RGA is declared failed if any parameter of that RGA miscompares with its previous selected rate
for five consecutive times (10 sec). FDIR downmodes the failed LRU, and then FDIR terminates. No
subsequent failures will be detected; only CFs will further downmode the selection filtering scheme. A
CF before the first failure will terminate FDIR. The FDIR will be reactivated if the CF should be resolved.
No fault messages or deselect/select capability exists.

5.7.4 SF

The four SF functional modes (IMVS, MVS, AVE, PASS) are determined by the usable level of input data
redundancy. The IMVS SF mode provides signal selection from the four valid input signals and shall
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provide protection from any single failure and dual null failures. The SF modes are described in detail for
Orbiter rate gyros in section 5.5.3.2 and in figures 5-12, 5-13, and 5-14.

The SRB RGA FDIR input and output interface parameters are presented in tables 5-XlIl and 5-XIV. The
FDIR parameter initialization requirements are shown in table 5-XV. The SRB SF input and output
interface parameters are shown in table 5-XVI.

5.8 BFS SRB RGA SOFTWARE

The main functional module for the SRB RGA BFS is the SRB RGA HIP. The SRB RGA HIP consists of
two submodules that perform SF and rate compensation (fig. 5-18). In the SRB RGA HIP, SF is
performed before rate compensation. In the primary system, rate compensation is performed before SF.

The SRB RGA HIP performs midvalue selection only on the measured pitch and yaw rates from SRB
RGAs 1, 2, and 3. Midvalue selection is the only mode of SF available to the SRB RGA HIP as there is
no FDIR available to the SRB RGA HIP. If failures or bad rates occur, midvalue selection would be
performed using the bad rates; for a CF, the last value that was seen in COMPOOL will be used as the
SF input for the COMM faulted RGA.

Selected rates are then processed through rate compensation which multiplies the selected midvalue 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 appropriate users.

5.9 AA SOFTWARE OPERATIONAL DESCRIPTION

The four AA’s provide normal and lateral body accelerations for load relief in ascent first stage, flight
control stability augmentation in entry and return to launch site (RTLS), and for ADI error needle signals
during entry major mode (MM) 305. The AA SOP 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. 5-19).

5.9.1 AASOP

The purpose of the AA SOP principal function shall be to perform data compensation of the measured
AA lateral and normal acceleration signals. The compensation function shall be executed at the 25 Hz
rate prior to the SF principal function except for MM’s 301, 302, 303 where it shall be executed at the
0.52 Hz rate.
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Table 5-XVI - SRB RGA FDIR Input Parameters

MSID FSSR name |Nomenclature Source Range [ Units
VI5R4260C |SRBQC(1) |SRGA comp pitchratel |[SRBRG SOP | +10 | Deg/s
VI5R4262C |SRBQC(2) |SRGA comp pitchrate2 |[SRBRG SOP | +10 | Deg/s
VI5R4270C |SRBQC(3) |SRGA comp pitchrate 3 |SRB RG SOP | +10 | Deg/s
VI5R4272C [SRBQC(4) |SRGA comp pitchrate 4 |SRB RG SOP | +10 | Deg/s
VI5R4261C |SRBRC(1) |SRGAcompyawratel |SRBRG SOP | +10 | Deg/s
VI5R4263C |SRBRC(2) |SRGA compyawrate 2 |SRBRG SOP | +10 | Deg/s
VI5R4271C |SRBRC(3) |SRGA compyawrate3 |SRBRG SOP | +10 | Deg/s
VI5R4273C |SRBRC(4) |SRGA compyawrate4 |SRBRG SOP | +10 | Deg/s
VO0R2511C |Q-SRB SRGA selected pitch rate |SF +10 | Degl/s
VI0R2512C |R-SRB SRGA selected yaw rate |SF +10 | Degl/s
V91X2780X [RGQCF(1) |SRGA pitch rate CF 1 FCOS
VI91X2792X [RGQCF(2) |SRGA pitch rate CF 2 FCOS
V91X2782X [RGQCF(3) |SRGA pitch rate CF 3 FCOS
VI91X2794X [RGQCF(4) |SRGA pitch rate CF 4 FCOS
V91X2781X |RGRCF(1) |SRGA yaw rate CF1 FCOS
V91X2793X |RGRCF(2) |SRGA yaw rate CF 2 FCOS
V91X2783X |RGRCF(3) |SRGA yaw rate CF 3 FCOS
V91X2795X [RGRCF(4) |SRGA yaw rate CF 4 FCOS

Table 5-XVII - SRB RGA FDIR Output Parameters
MSID FSSR name |Nomenclature Destination [Range [Units
VI0X6748X String 1 SRGA fail |[TLM
VI0X6749X String 2 SRGA fail | TLM
VI0X6750X String 3 SRGA fail | TLM
VI0X6751X String 4 SRGA fail  |TLM
VI0R6752C SRGA command SF

Table 5-XVIII- SRB RGA FDIR Initialization Parameters
MSID FSSR name Nomenclature Value RI units
VI8U7956C [ CON(04) SRB RGA pitch rate limit +4.5E-01 | Degls
V98U7957C | CON(05) SRB RGA yaw rate limit +4.5E-01 |Deg/s
Vo8U7958C | LSF(04) SRB RGA pitch rate limit scale factor |+5.0E+00 |Pct
Vo8U7959C | LSF(05) SRB RGA yaw rate limit scale factor +5.0E+00 |Pct
V98U7960C [SRB_ RGA N CNT |SRB RGA N counter +5 ND
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Table 5-XIX - SRB RGA SF Input/Output Parameters
(a) Input functional parameters for the selection filtering module
MSID FSSR Name Nomenclature Source Range Units
VI0OR2511C Q_SRB Selected SRB pitch rate SF 10
VOOR2512C R_SRB Selected SRB yaw rate SF +10
VI0R6752C n/a SRB RG SF command SRB RG FDIR
V91X2780X RGQCF(1) SRB pitch rate 1 CF FCOS
V91X2792X RGQCF(2) SRB pitch rate 2 CF FCOS
V91X2782X RGQCF(3) SRB pitch rate 3 CF FCOS
VI1X2794X RGQCF(4) SRB pitch rate 4 CF FCOS
V91X2781X RGRCF(1) SRB yaw rate 1 CF FCOS
V91X2793X RGRCF(2) SRB yaw rate 2 CF FCOS
V91X2783X RGRCF(3) SRB yaw rate 3 CF FCOS
V91X2795X RGRCF(4) SRB yaw rate 4 CF FCOS
VI95R4260C SRBQC(1) SRB comp pitch rate 1 SRB RG SOP +10 Degl/s
VI5R4262C SRBQC(2) SRB comp pitch rate 2 SRB RG SOP +10 Deg/s
V95R4270C SRBQC(3) SRB comp pitch rate 3 SRB RG SOP £10 Deg/s
VO5R4272C SRBQC(4) SRB comp pitch rate 4 SRB RG SOP +10 Deg/s
VI95R4261C SRBRC(1) SRB comp yaw rate 1 SRB RG SOP :10 Deg/s
VI5R4263C SRBRC(2) SRB comp yaw rate 2 SRB RG SOP :10 Degl/s
VI5R4271C SRBRC(3) SRB comp yaw rate 3 SRB RG SOP :lO Degl/s
VI5R4273C SRBRC(4) SRB comp yaw rate 4 SRB RG SOP IlO Deg/s
(b) Output functional parameters form the selection filtering module
MSID FSSR name Nomenclature Destination Range | Units
VI0R2511C R_SRB Selected SRB pitch rate ASC DAP, AJE ATT PROC, SF, TLM, +10
FDIR
VI0R2512C Q_SRB Selected SRB yaw rate ASC DAP, AJE ATT PROC, SF, TLM, +10
FDIR
SRB RGA SF
SRB RGA RATE
C\/SRB RGA 1 RATES (2) MVS COMPENSATION
MDM —>»  PITCH RATES SRB PITCH
(RGA 1, 2, 3) PITCH SEL RATE = SEL DATA COMP RATE
SRB RGA 2 RATES (2) MVS SRB YAW
MDM »  YAW RATES YAW SEL RATE TIMES
» SCALEFACTOR _ COMP RATE
(RGA 1, 2, 3) >
SRB RGA 3 RATES (2) (DEG/SEC/BIT) 10
MDM > GNC
SMRD SIGNALS PLUS
SMRD SIGNALS (6)‘ SMRD BIAS
MDM —>» MONITOR —> (DEG/SEC)
TLM
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The AA SOP compensation function shall consist of applying biases and scale factors to convert the
measured accelerometer data into engineering units (G’s) in floating point format. Unique bias and scale
factor values for each measured signal shall be provided. The general compensation equation shall be
as follows.

NC = (NM) (CN) + KN
LC = (LM) (CL) + KL + (NC) (S)

where
NC/LC = Compensated normal/lateral AA signal (G’s)
NM/LM = Measured normal/lateral AA signal (V dc)
CN/CL = Compensation scale factor (G’s/V dc)
KN/KL = Compensation bias (G’s)

S = Lateral AA misalignment angle (radians)

The AA SOP interfaces are indicated on the functional block diagram in figure 5-21. The input and
output interface parameters are presented in tables 5-XX and 5-XXI. The parameter initialization
requirements are shown in table 5-XXII.

592 AARM

The status of each AA can be found on the GNC SYS SUMM 1 display (fig. 5-11) which receives failure
(+) and CF (M) indications from RM FDIR.

5.9.2.1 FDIR

The purpose of AA FDIR is to determine which of the AA parameters (lateral or normal acceleration)
should be declared failed. See figure 5-12, General RM block diagram.

Candidates for FDIR are lateral and normal acceleration from AA 1, 2, 3, and 4. FDIR will detect the first
failure only. Once the failed AA is identified, the failure will be annunciated through an FSM RM FAIL
AA, a systems management (SM) alert light and tone, status indication on GNC SYS SUMM 1 display of
a | to indicate which AA has failed, and FDIR will shut down. Since FDIR is terminated after the first
failure, no RM DLMA AA fault message will be generated for subsequent failures. In the early design of
the Space Shuttle flight software, three- and two-level FD was included. In order to limit the authority of
RM, the decision was made to not implement it. A GAX message, “RM DLMA AA* still exists, but it can
never be activated with the current software design. CF’s from FCOS will also downmode the RM to the
3-level and display M on SYS SUMM 1 display. Crew deselect of AA in OPS 8 will also downmode RM
to the 3 level and display a | on SYS SUMM 1 display. FDIR is terminated below the RM 4 level. See
table 5-XXIII, AA GAX Annunciation.

5-48



RGA/AA

SB 5.0

ORIG:M.INTERBARTOLO

7/6/2005:FINAL

SHUTTLE

GNC/JSC-18863

(¥) SNOILYH3 1300V
VALY

-0 - = |_ L0V YINTA WY,
| M300v0umo D0V IVd WY,
| I S39OVSSaW 1INv4
MO dnid | @AILDV ANY)
| 24 7aNvd wo AV1dSIa 18D
A A A
_—_—— = =
| _ ew'h
| A AYVWNNS
W3LSAS
| 24 13anvd _ ONO
AV1dSId 130
XA 4
< S04
w4 17Nv4 WNOD
7T WV dia4
VWATTIA 7T WY T e (Stxv A9)
NOILOIES 555y vaaivy zo_Emw_/_/w__m_\%w
Q3 LVYSN3dNOD
IWNOIS N WY | "OL1ov4 ITvOS
Movdaa33ad (¥) 1300V TVWHON
JOYLNOD Q3aLVSNIdNOD
< dOS vV
SNOILYYIT1300V VeI LY
JYVYMLH0S ® TYWHON g3L10373S
704LNOD
LHOI4

(¥) SNOILYH3 1300V
IVINHON

Figure 5-20 - Accelerometer assembly data flow
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Table 5-XX - AA SOP Input Parameters
Name | MSID Description Input Signal Range Units Rate
source type (Hz)
LM(1) | V79A2040C | Lateral accel 1 signal AA 1 Fixed pt +5.00 V dc 25.0
(+1) (G's)
LM(2) | V79A2043C | Lateral accel 2 signal AA 2 Fixed pt +5.00 V dc 25.0
1) | (G's)
LM(3) | V79A2046C | Lateral accel 3 signal AA 3 Fixed pt +5.00 Vdc 25.0
1) | (©9)
LM(4) | V79A2048C | Lateral accel 4 signal AA 4 Fixed pt +5 00 V dc 25.0
@ | ©9
NM(1) | V79A2041C | Normal accel 1 signal AA 1 Fixed pt V dc 25.0
+5.00 (G's)
(£1)
NM(2) | V79A2044C | Normal accel 2 signal AA 2 Fixed pt V dc 25.0
+5.00 (G's)
(1)
NM(3) | V79A2047C | Normal accel 3 signal AA 3 Fixed pt Vdc 25.0
+5.00 (G’s)
(£1)
NM(4) | V79A2049C | Normal accel 4 signal AA 4 Fixed pt V dc 25.0
+5.00 (G’s)
(£1)
KL(1) | V97U3515C | Comp bias - lat accel 1 uplink G’s
0.0
KL(2) | V97U3516C | Comp bias - lat accel 2 uplink G’s
0.0
KL(3) | V97U3517C | Comp bias - lat accel 3 uplink G’s
0.0
KL(4) | V97U3518C | Comp bias - lat accel 4 uplink G’s
0.0
KN(1) | V97U3528C | Comp bias - norm accel 1 | uplink G’s
0.0
KN(2) | V97U3529C | Comp bias - norm accel 2 | uplink G’s
0.0
KN(3) | V97U3530C | Comp bias - norm accel 3 | uplink G’s
0.0
KN(4) | vV97U3531C | Comp bias - norm accel 4 | uplink G’s
0.0
Note: Values in parentheses indicate equivalent engineering units.
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Table 5-XXI - AA SOP Output Parameters

Name | MSID Description Output Signal Range Units Rate
destination type (Hz)

LC(1) | V95A4101C | Compensated lat accel 1 SF, AA FDIR, Float pt +1 G's 25.0*
TLM

LC(2) | V95A4102C | Compensated lat accel 2 SF, AA FDIR, Float pt +1 G's 25.0*
TLM

LC(3) | V95A4103C | Compensated lat accel 3 SF, AA FDIR, Float pt +1 G's 25.0*
TLM

LC(4) | V95A4104C | Compensated lat accel 4 SF, AA FDIR, Float pt +1 G's 25.0*
TLM

NC(1) | V95A4151C | Compensated norm accel 1 | SF, AA FDIR, Float pt +1 G's 25.0*
TLM

NC(2) | V95A4152C | Compensated norm accel 2 | SF, AA FDIR, Float pt +1 G's 25.0*
TLM B

NC(3) | V95A4153C | Compensated norm accel 3 | SF, AA FDIR, Float pt +1 G's 25.0*
TLM -

NC(4) | V95A4154C | Compensated norm accel 4 | SF, AA FDIR, Float pt +1 G's 25.0*
TLM -

*0.52 Hzin MM 301, 302, 303

AA’ > MDM'S | LATERAL ACCELRM (4 COMPENSATED
S R (4) > ACCLRM LATERAL ACCELN (4):
> COMPENSATION | COMPENSATED SF,
NORMAL ACCELRM (4) (AA_COMP) NORMAL ACCELN (4) AA FDIR,
> g IR
25 Hz
(0.52 Hz in MM 301, 302, 303)

Figure 5-21, AA SOP functional block diagram
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Table 5-XXII - AA SOP Initialization Parameters
MSID FSSR Nomenclature MC Value RI
name units
V97U3404C (CL(1) Comp scale factor - lat accel 1 01 +2.0E-01 | G/Vdc
03 +2.0E-01
VI7U3405C (CL(2) Comp scale factor - lat accel 2 01 +2.0E-01 | G/Vdc
03 +2.0E-01
VI7U3406C |CL(3) Comp scale factor - lat accel 3 01 +2.0E-01 | G/Vdc
03 +2.0E-01
Vo7U3407C |(CL(4) Comp scale factor - lat accel 4 01 +2.0E-01 | G/Vdc
03 +2.0E-01
VI7U3414C [CN(1) Comp scale factor - norm accel 1 01 +8.0E-01 | G/Vdc
03 +8.0E-01
VI7U3415C [CN(2) Comp scale factor - norm accel 2 01 +8.0E-01 | G/Vdc
03 +8.0E-01
VI7U3416C [CN(3) Comp scale factor - norm accel 3 01 +8.0E-01 | G/Vdc
03 +8.0E-01
VI7U3417C [CN(4) Comp scale factor - norm accel 4 01 +8.0E-01 | G/Vdc
03 +8.0E-01
V97U3515C KL(1) Comp bias - lat accel 1 01 +0.0E-01 G
03 +0.0E-01
V97U3516C KL(2) Comp bias - lat accel 2 01 +0.0E-01 G
03 +0.0E-01
V97U3517C KL(3) Comp bias - lat accel 3 01 +0.0E-01 G
03 +0.0E-01
V97U3518C KL(4) Comp bias - lat accel 4 01 +0.0E-01 G
03 +0.0E-01
V97U3528C KN(1) Comp bias - norm accel 1 01 +0.0E-01 G
03 +0.0E-01
V97U3529C KN(2) Comp bias - norm accel 2 01 +0.0E-01 G
03 +0.0E-01
V97U3530C KN(3) Comp bias - norm accel 3 01 +0.0E-01 G
03 +0.0E-01
V97U3531C KN(4) Comp bias - norm accel 4 01 +0.0E-01 G
03 +0.0E-01
VI7U8739C |S(1) Misalignment - lat accel 1 01 +0.0E-01 RAD
03 +0.0E-01
VI7U8740C |S(2) Misalignment - lat accel 2 01 +0.0E-01 RAD
03 +0.0E-01
Vo7U8741C |S(3) Misalignment - lat accel 3 01 +0.0E-01 RAD
03 +0.0E-01
Vo7UB8742C |S(4) Misalignment - lat accel 4 01 +0.0E-01 RAD
03 +0.0E-01
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For each AA parameter (lateral and normal acceleration), the following comparisons are made.

IP1 - Pg| > CONSTANT LIM
IP5 - Pg| > CONSTANT LIM
IP3 - Pg| > CONSTANT LIM
IP, - Pg| > CONSTANT LIM

where: P12 34 =each AA acceleration
Pg = selected rate from SF
[----] = absolute value

An AA is declared failed if any parameter of that AA miscompares with the selected accelerations for five
consecutive times (10 sec period). FDIR downmodes the failed LRU and then FDIR terminates. No
subsequent failures will be detected, only CF’s and crew deselects will downmode the SF scheme.

A parameter is downmoded (removed from FDIR, and not declared failed) for a CF, and the CF is
annunciated for the particular AA. If the CF disappears, the parameter will become an SF candidate
again. Should a CF occur before any failures, the CF will be treated as a first failure by the FDIR, such
that FDIR will terminate upon recognition of that CF. Should that CF be resolved, FDIR will resume
processing, if at the four level.

5.9.2.2 SF

The purpose of the AA SF is to select single values of lateral and normal acceleration to provide to the
users. Candidates are the accelerations from AA 1, 2, 3, and 4.

An AA is downmoded in the SF if a failure is indicated by the selection filter control (SFC) from FDIR. SF
is also downmoded for CF’s, and crew deselect via SPEC 40 and 53. If the CF disappears or the
deselect is removed, the SF will upmode.

There are five different SF functional modes depending on the usable level of input data redundancy.
The IMVS filter mode shall provide signal selection from four valid input signals and shall provide
protection from any single failure and from dual null failures. Whenever the true input value is greater
than the I-load null threshold value, a non-null signal will be selected. When the true input cycles above
and below the null threshold level, the switching of the output between the null and true values will be
minimized. See figure 5-12, IMVS flow diagram. The MVS mode provides a datum output value equal to
the input value that lies between the other two values when three valid inputs are available (fig. 5-13).
The AVE mode provides an output datum value that is the arithmetical average of two values when two
valid inputs are available (fig. 5-14). The PASS mode provides a datum output value equal to a single
datum input value. The NAS mode does not provide a new datum output value; i.e., the output value
shall

remain unchanged from its previous valid value. (This action results from the fact that the SF output
COMPOOL location is fixed until updated. Failure to output a new value leaves the old value in the
COMPOOL location.)

The AA FDIR input and output interface parameters are presented in tables 5-XXI and 5-XXII. The FDIR
parameter initialization requirements are shown in table 5-XXIIl. The AA SF input and output interface
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parameters are shown in table 5-XXIV. The RGA/AA RM and data usability summary are shown in

tables 5-XXV and 5-XXVI.

5.10 SELF-TEST OPERATIONS

a. OPS 8 On-Orbit Self-Test Procedures
The self-test procedure for the AA’s is executed from SPEC 040, SENSOR TEST. The SPEC display
and its functional operations are shown in section 5.13, Sensor Self-Test. The vehicle rates are nulled
(<0.02 deg/s) using the RCS JETS VERN, and minimum vehicle accelerations are established by
placing the vehicle in free drift (DAP ROT: PULSE/PULSE/PULSE, DAP: A1/MAN/VERN).

Next, the AA bias data is verified by examining the sensed rates shown on the display SPEC 40. The
bias should be less than the values listed below.

Lateral (Y) +0.5 ft/s2
Normal (2) +1.3 ft/s2

If bias data are outside these limits, the option exists to deselect the appropriate AA unit from the RM.

After the bias test has been accomplished, the data limit test is performed from SPEC 40. The
acceleration data are checked and verified within the limits listed below.

Lateral (Y) 14.4 to0 17.8 ft/s2
Normal (2) 57.7 to 71.1 ft/s2

If the data are not within the proper limits, deselection of the appropriate AA is recommended.
The following PSI's displayed beside the appropriate data indicate the following.
t  Data above limit
| Data below limit
M Data missing (CF)
The OPS 8 on-orbit self-test procedure is shown in section 5.13, Sensor Self-Test.
b. OPS 9 Prelaunch Self-Test Procedures
The self-test procedure for Orbiter AA’s, prelaunch, are executed from SPEC 101, SENSOR SELF-
TEST. The SPEC display and its functional operations are shown in section 5.13, Sensor Self-
Test.
AA’s cannot be deselected from RM, but can be enabled/disabled from self-test. The data limit test

control start initiates self-test on only those LRU’s enabled. The auto sequence initiates both high and
low test on all sensors. The self-test limits and operations are the same as in OPS 8.
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Table 5-XXIV- AA FDIR Input Parameters

MSID FSSR name Nomenclature Source Range Units
V95A4101C LC(1) Compensated lat accel 1 AA SOP +1 G
V95A4102C LC(2) Compensated lat accel 2 AA SOP +1 G
V95A4103C LC(3) Compensated lat accel 3 AA SOP +1 G
V95A4104C LC(4) Compensated lat accel 4 AA SOP +1 G
V95A4151C NC(Il) Compensated norm accel 1 AA SOP +4 G
V95A4152C NC(2) Compensated norm accel 2 AA. SOP +4 G
V95A4153C NC(3) Compensated norm accel 3 AA SOP +4 G
V95A4154C NC(4) Compensated norm accel 4 AA SOP +4 G
VO0A5361C NY Selected AA lateral accel SF +1 G
VO0A5381C NZ Selected AA normal accel SF +4 G
V91X3650X AA_LAT CF(1) AA 1 lateral accel COMM fault FCOS 0,1
V91X3651X AA NOR_CF(1) AA 1 normal accel COMM fault FCOS 0,1
VI1X3660X  AA LAT CF(2) AA 2 lateral accel COMM fault FCOS 0,1
VI91X3661X  AA NOR_CF(2) AA 2normal accel COMM fault FCOS 0,1
VI91X3670X  AA _LAT _CF(3) AA 3 lateral accel COMM fault FCOS 0,1
VI91X3671X  AA NOR_CF(3) AA 3 normal accel COMM fault FCOS 0,1
VI91X3680X  AA LAT CF(4) AA 4 lateral accel COMM fault FCOS 0,1
VI91X3681X  AA NOR_CF@4) AA 4 normal accel COMM fault FCOS 0,1
V93X4435X n/a AA 1 DES CMD V5.1.4 0,1
V93X4436X n/a AA 2 DES CMD V5.1.4 0,1
V93X4437X n/a AA 3 DES CMD V5.1.4 0,1
V93X4438X n/a AA 4 DES CMD V5.1.4 0,1
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Table 5-XXV - AA FDIR Output Parameters

MSID Nomenclature Destination Range |Units

VI0U5960C |AA SF command SF 1,4

VO0X5701X |AA 1 fail GAX,TLM 0,1

VO0X5801X |AA 2 fail GAX,TLM 0,1

V90X5901X |AA 3 fail GAX,TLM 0,1

VI0X5951X | AA 4 fail GAX,TLM 0,1

VI0X5717X |AA 1 normal accel fail TLM

VI0X5718X |AA 1 lateral accel fail TLM

VI0X5719X | AA 2 normal accel fail TLM

VI0X5720X |AA 2 lateral accel fail TLM

VI0X5721X | AA 3 normal accel fail TLM

VI0X5722X | AA 3 lateral accel fail TLM

V90X5723X |AA 4 normal accel fail TLM

VI0X5724X | AA 4 lateral accel fall TLM

VI90X5725X | AA normal accel disagree GAX,TLM 0,1

VO0X5726X |AA lateral accel disagree GAX,TLM 0,1

V93X4435X |AA 1 DES CMD 6.46 0,1

V93X4436X |AA 2 DES CMD 6.46 0,1

V93X4437X |AA 3 DES CMD 6.46 0,1

V93X4438X |AA 4 DES CMD 6.46 0,1

Table 5-XXVI- AA FDIR Initialization Parameters

MSID FSSR name |Nomenclature MC |Value RI units

V97U3030C | Limit(04) AA normal accel limit 01 |+6.3E-02 |G
03 |+2.0E-01

V97U3031C |Limit(05) AA lateral accel limit 01 |+8.0E-02 |G
03 |+1.3E-01

V97U3000C [N AA AA N counter SV |[+5 ND

VI6U8594C |NYQC AA lateral accel IMVS const 01 |+3.0E-02 (G
03 |+3.0E-02

VI6U8595C [NZQC AA normal accel IMVS const 01 |+0.0E-00 |G
03 |+0.0E-00
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TABLE 5-XXIX - RM DATA USABILITY SUMMARY
(&) RGA/AA SF usable input parameter determination
SF Command (SFC) COMM fault Lock-on SF input
(FDIR FL/DES) (CF) (data valid) usability
Disallow Invalid N/A Do not use
Disallow Valid N/A Do not use
Allow Invalid N/A Do not use
Allow Valid N/A Use
FDIR will not change the SFC flag below the 4-level RM.
(b) RGA/AA SF modes
Usability status
SF Output DG
Input | Input | Input | Input | mode data flag
1 2 3 4
DNU DNU DNU DNU | NAS | No update of output N/A
DNU DNU DNU U PASS | Input data 4 N/A
DNU DNU U DNU | PASS | Input data 3 N/A
DNU U DNU DNU | PASS | Input data 2 N/A
U DNU DNU DNU | PASS | Input data 1 N/A
DNU DNU U U AVE | Input data (3 + 4)/2 N/A
DNU U DNU U AVE 2+4)2 N/A
U DNU DNU U AVE 1+4)2 N/A
DNU U U DNU | AVE (2+3)/2 N/A
U DNU U DNU | AVE (1+3)2 N/A
U U DNU DNU | AVE 1+2)2 N/A
DNU U U U MVS | Midvalue input data 2, 3, 4 N/A
U DNU U U MVS 1,3, 4 N/A
U U DNU U MVS 1,2,4 N/A
U U U DNU | MVS 1,2,3 N/A
U U U U IMVS | Will not select dual null input data N/A
SRB RGA fourth parameter always usable.
DNU = Do not use, U =Use, NAS = No available sensor
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5.11 BFS AA SOFTWARE

The main functional module for the AA BFS is the ORB AA HIP. The ORB AA HIP consists of two
submodules that perform SF and acceleration compensation. In the ORB AA HIP, SF is performed
before acceleration compensation; in the primary system, acceleration compensation is performed before
SF (fig. 5-21).

SF in the ORB AA HIP is performed using the measured accelerations. One lateral and one normal
acceleration are selected and sent for acceleration compensation. The SF parallels the PASS SF. At
the four level the rates are processed by IMVS, at the three level by MVS, athe the two level by
averaging, and passing the sole rates at the one level. There is no FDIR contained in the ORB AA HIP.
If failures or bad accelerations occur, selection is performed using the bad accelerations; for CF’s, the
last value that was seen in COMPOOL will be used as the SF input for the COMM faulted AA.

Selected accelerations are then processed through the acceleration compensation 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 compensated
rates are then output to the appropriate users.

5.12 GNC SYSTEMS SUMMARY 1 (PFS DISPLAY)
TITLE: GNC SYS SUMM 1

TYPE: DISP/O18 OR SYS SUMM KEY
AVAILABILITY: OPS 1,2,3,6and 8

5.12.1 Purpose, Operation, and Organization

The GNC SYS SUMM 1 display (fig. 5-10) shall be the primary format for monitoring of the Orbiter GNC
systems operational status during the prelaunch, ascent, orbit, entry, and RTLS phases. The parameters
common to these phases shall be displayed on a single display page. The displayed parameters were
selected to support the caution and warning (C&W) function. The status information presented provides
sufficient detail for a crewmember to respond to a GN&C C&W alarm. The display shall present the
status for the navigation (NAV) sensors.
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5.12.1.1 DISP/O18, GNC SYS SUMM 1, Functional Requirements

The status for the inertial measurement unit (IMU), accelerometer RGA, tactical air navigation (TAC),
microwave landing system (MLS), and air data transducer assembly (ADTA) NAV sensors are shown on
figure 5-10 and shall be supported as follows.

(1) During OPS 1: IMU 1, 2,3
ACC1,23,4
RGA 1,2, 3,4

(2) During OPS 2 and 8: IMU 1, 2,3

(3) During OPS 3 and 6: IMU 1, 2,
ACC 1, 2,
RGA1, 2
TAC 1, 2,
MLS 1, 2,3
ADTA1,2,3,4

4
4

3
3
3
3

For each LRU, input/output (1/O) errors, failure, manual deselection, and dilemma status indicators shall
be displayed. For the ACC, normal and lateral acceleration discretes shall be OR’ed for I/O errors and
disagrees. For the RGA, roll, pitch, and yaw rate parameters shall be OR’ed for 1/O errors and
disagrees. For all LRU'’s, failure and manual deselects shall be OR’ed. The status output for each LRU
shall normally be blank. For failures detected by RM or manual deselects, down arrows (1) shall be
output. Question marks (?) shall be output for each LRU in the voting logic if a dilemma (disagree and/or
fault detect) is declared. If the data for any sensor are missing (I/O error and/or loss of lock), the CF shall
be reflected by the output of an M status indicator.

The display shall be called via dedicated key (SYS SUMM) or by the SPEC key sequence. The display
page shall be available in OPS 1, 2, 3, 6, and 8 with those data which are not supported in a particular
OPS being blanked. The data presented are monitored in conjunction with the C&W matrix, fault
message line, and other dedicated displays.

5.13 SENSOR SELF-TEST

There are four sensor self-test SPEC's that support the sensor self-test function. The two on-orbit SPEC
displays shown in SENSOR TEST and RGA/ADTA/RCS shall be displayed upon keyboard request in
GNC OPS 8 and shall provide the crew with a means to verify sensor test data comparison during sensor
self-testing and monitor and control the SF's for the AA’s, radar altimeters (RA’s), RGA’s, microwave
scanning beam landing system (MSBLS’s), ADTA's, and TACAN's. To deselect a sensor from being an
SF candidate, the proper item number is selected, followed by an execute command. An input of the
same item number shall reselect the LRU as a SF candidate. The two preflight SPEC displays shown in
SENSOR SELF-TEST and RCS/RGA/ADTA TEST shall be displayed upon keyboard request when in
GNC OPS 9 or in SM OPS 9 and shall provide the ground with a means to verify sensor test data
comparison. The SPEC displays shall be memory-resident with the sensor self-test function. Test item
selection shall be supported as shown in SENSOR TEST and RGA/ADTA/RCS (GNC OPS 8) and in
SENSOR SELF-TEST and RCS/RGA/ADTA TEST (SM OPS 9 or GNC OPS 9). When the SPEC
displays are called, the scaled sensor data shall be cyclically displayed at 1 Hz and the STAT column
shall be driven to indicate (as applicable) sensor power status, SMRD, or BITE status.

5.13.1 On-Orbit Sensor Test (PES)

5-63



SHUTTLE ORIG:M.INTERBARTOLO RGA/AA
GNC/JSC-18863 7/6/2005:FINAL SB 5.0

TITLE: SENSOR TEST
TYPE: SPEC/040
AVAILABILITY: GN&C OPS 8

5.13.1.1 Purpose, Operation, and Organization

a.

SENSOR TEST - This SPEC permits self-testing of the MLS, TACAN, RA, and AA sensors while on
orbit. Figure 5-22 is the on-orbit SENSOR TEST display. Tests are not individually selectable, but
are all started and stopped simultaneously. For each of the test parameters generated, the value is
displayed, compared with expected results, and a status indication is driven beside the displayed
parameter if it is outside predetermined limits; up arrow (1) indicating test value too high, or down
arrow (1) indicating test value too low. An M will be displayed beside the last valid data value if data
are missing (COMM faulted).

AA - For the AA sensors, compensated lateral acceleration (Y) and compensated normal acceleration
(2) in feet per second per second are displayed. There is no STAT column associated with AA.

Whether or not testing is in progress, items 1 through 12 may be used to reconfigure the
corresponding sensors as candidates for the SF's during the entry phase. Execution of one of these
items reverses the selection/deselection for the corresponding sensor. An asterisk (*) beside the item
number indicates the corresponding sensor is deselected.

START/STOP - Execution of item 13 initiates parallel testing of all the sensors listed on the display.
The self-tests will run to completion regardless of an earlier LRU self-test failure. An asterisk (*)
appears next to item 13 while the test is in progress and is blanked upon test completion. Execution
of item 14 terminates testing, removes all self-test stimuli from the LRU'’s, clears the PSI's on the
display, blanks the asterisk (*) beside item 13, blanks the RA status column, enables cyclic update of
sensor parametric data, and displays the asterisk (*) beside item 14. Items 13 and 14 are initialized
blank anytime the display is called up.
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Figure 5-23, - On-orbit SENSOR TEST display (PFS)

5.13.2 On-Orbit RGA/ADTA/RCS Test (PES)

TITLE: RGA/ADTA/RCS
TYPE: SPEC/O41
AVAILABILITY: GNC OPS 8

5.13.2.1 Purpose, Operation, and Organization

a. RGA/ADTA/RCS - This SPEC permits testing of the RGA’s, ADTA'’s, and the reaction control system
(RCS) while on orbit. Figure 5-23 is the on-orbit RGA/ADTA/RCS TEST display preflight sensor self

test (PFS).

b. RGA's - For the RGA'’s, compensated roll rate (R), pitch rate (P), and yaw rate (Y) are displayed in
deg/sec while testing is in progress. A status parameter by each value will be driven with an (M) to
indicate missing data, an up arrow (1) to indicate test data too high, a down arrow (1) to indicate test

data too low, or blank if data are normal. RGA status (STAT) shows SMRD if SMRD detects a

malfunction on any axis. If the SMRD indicator is set, the SMRD display will be reset if the error is
corrected, or upon execution of item 11. Whether or not testing is in progress, items 1 through 4 may
be used to deselect or select the corresponding sensor as a candidate for the selection filter during
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ENTRY (OPS 3). An asterisk (*) beside the item number indicates that the corresponding RGA is
deselected.

c. TEST - Execution of item 9 (legal only if there is no asterisk beside item 9 or item 10) causes the
RGA'’s and ADTA's to be tested with a set of values called the high test. Execution of item 10 (legal
only if there is no asterisk (*) beside item 9 or item 10) causes the RGA’s and ADTA's to be tested
with a set of values called the low test. The self-tests will run to completion regardless of an earlier
LRU self-test failure. An asterisk (*) appears next to item 9 or 10 when the test is in progress.
Execution of item 11 causes testing of the RGA’s and ADTA'’s to be terminated, removes all self-test
stimuli from the LRU's, clears the PSI's on the display, blanks the asterisk (*) beside item 9 or 10,
enables cyclic update of sensor parameter data, and displays an asterisk (*) beside item 11. ltems 9
and 10 are initialized blank.

/XXXX/O41/ RGA/ ADTA/ RCS XX X DDD/HH:MVISS\
X X DDD/ HH: MM SS

DES STAT R P Y
RL 1X XXXX  +XX. XS +XX. XS +XX. XS
@ 2X XXXX XX XS XX XS +XX. XS
A3 3X XXXX XX XS XX XS XX XS
44X XXXX XX XS XX XS +XX. XS

DES STAT PS PaC PaU PaL T
5X XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX, XXS
BX  XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX, XXS
XX XXXS XX XXXS XX XXXS XX XXXS XX, XXS
X XXXX XX XXXS XX XXXS XX XXXS XX XXXS XX, XXS

EIBE
X
:

TEST H  9X LOW 10X  STOP 11X

RCS DRI VERS
RJIDF 12X TEST EXEC 15X TEST XXXX
RIDA-A 13X CONTI NUE 16X JET XXX
-B 14X STOP 17

- m

Figure 5-24, On-orbit RGA/ADTA/RCS test display (PFS)
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5.13.3 PES

TITLE: SENSOR SELF-TEST
TYPE: SPEC/101
AVAILABILITY: SM OPS 9, GNC OPS 9

5.13.3.1 Purpose, Operation, and Organization

a.

SENSOR SELF-TEST - Figure 5-24 is the PFS display. This display provides the means to enable
testing of the LRU's listed in table 5-XXVII. This table also lists, for each LRU tested, the parameters
for which resultant test data are displayed. In addition to the listed results, STAT is displayed as
follows for all LRU’s except AA.

blank Normal
OFF Power off
BITE Internal hardware failure

. ENABLE (ENA) - Execution of items 1 through 12 enables the respective LRU'’s for testing. Any

number of these sensors may be in the enabled state at once. An asterisk (*) appears beside each
item number as it is selected. Itis illegal to execute an item from 1 through 12 while testing is in
progress (asterisk beside item 13 or 14).

. START - Execution of item 13 initiates self-testing of all the LRU’s selected for testing (indicated by

asterisks beside the respective item numbers). When item 13 is selected, an asterisk appears beside
the item number. The asterisk blanks when testing is complete. If no LRU is selected or if testing is in
progress (item 13 or 14 selected), or after a test has been completed unless TERM item is entered
first, an attempt to execute item 13 is illegal.

. AUTO SEQ - Execution of item 14 initiates self-testing of all the LRU'’s listed on the display. When

item 14 is selected, an asterisk appears beside the item number. If testing is already in progress (item
13 or 14 selected), or after a test has been completed unless TERM item is entered first, an attempt to
execute item 14 is illegal.

. TERM - After test results have been displayed for all sensors undergoing test, selection of item 15 will

deselect (inhibit) testing of all LRU'’s, blank all test results, display an asterisk beside item 15 and
enable cyclic output of dynamic parameter data. If testing is still in progress when item 15 is
executed, an ILLEGAL ENTRY message is displayed.

INH ALL - When testing is not in progress (asterisks absent from beside items 13 and 14), item 16
may be selected. The effect is to inhibit all sensors, to remove all asterisks from beside items 1
through 12, and to cause an asterisk to appear beside item 16. Execution of item 16 when item 13 or
14 is selected is illegal.
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XXXX /101

ENA

M1 1X
L2 2X
S3 3X
ENA

T1 4X
A2 5X
C3 6X
ENA

R1 7X
A2 8X
ENA

Al 9X
A2 10X
3 11X

4 12X

SENSOR SELF-TEST XX X DDD/HH : MM :
DDD/HH : MM :
STAT RNG AZ EL
XXXX ~ XXXS X XXS X.XXS
XXXX XXXS £IXXXS X.XXS
XXXX ~ XXXS +X.XXS X.XXS
STAT RNG AZ
XXXX X. XS XXX.XXS
XXXX X.XS XXX.XXS TEST CONTROL :
XXXX X.XS XXX.XXS START 13 X
AUTO SEQ 14 X
STAT ALT TERM 15X
XXXX XXXXS
XXXX XXXXS INH ALL 16X
Y Z
+XX. XS +XX. XS
+XX. XS +XX. XS
+XX. XS +XX. XS
+XX. XS +XX. XS

2\

/

TABLE 5-XXX - LRU'S available for testing with preflight sensor SELF-TEST display

Figure 5-25, - Preflight SENSOR SELF-TEST display (PFS)

Item LRU Resultant test data
displayed
1-3 Microwave scan beam Range (RNG)
landing system (MSBLS) Azimuth (AZ)
Elevation (EL)
4-6 TACAN (TAC) Range (RNG)
Azimuth (AZ)
7-8 Radar altimeter (RA) Altitude (ALT)
Lateral acceleration (Y)
9-12 Accelerometer assembly (AA) Normal acceleration (2)
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5.13.4 Preflight RCS/RGA/ADTA Test PES

TITLE: RCS/RGA/ADTA TEST
TYPE: SPEC/102
AVAILABILITY: SM OPS 9, GNC OPS 9

5.13.4.1 Purpose, Operation, and Organization

a. RCS/RGA/ADTA TEST - Figure 5-25 is the preflight RCS/RGA/ADTA TEST display preflight sensor
self-test (PFS). This display provides the means to enable testing of the LRU'’s listed in table 5-
XXVIII. The table also lists, for each sensor tested, the parameters for which resultant test data are
displayed.

In addition to the listed results for sensors (RGA’s and ADTA's), test STAT is displayed as follows:

Blank Normal
BITE Internal hardware failure
SMRD Spin-motor run detector error

For the RGA's, the STAT values are blank and SMRD. For the ADTA's, the STAT values are blank
and BITE.

TABLE 5-XXXI - LRU’S available for testing with preflight RCS/RGA/ADTA test

LRU Resultant test data displayed
Sensors

Rate gyro assemblies |Roll rate (R)
(RGA’S) Pitch rate (P)
Yaw rate (Y)

Air data transducer Center alpha pressure (PaC)
assemblies (ADTA’s) [ Static pressure (PS)

Upper alpha pressure (PaU)

Lower alpha pressure (PalL)

Total temperature (TT)

Forward reaction jet drivers (RJDF)

Aft reaction jet drivers, group A (RJDF-A)

Aft reaction jet drivers, group B (RJDF-B)

b. SENSORS - Execution of items 7 through 14 enables the respective LRU’s for testing. Any number of
these sensors may be in the enabled state at once. An asterisk (*) appears beside each item number
as it is selected. Itis illegal to execute an item from 7 through 14 while testing is selected (asterisk
beside item 15, 16, or 17).

c. TEST CONTROL - Execution of item 15 or 16 initiates the high test or the low test, respectively, of all
the sensors selected for testing (indicated by asterisks beside the respective item numbers). When
item 15 or 16 is selected, an asterisk appears beside the item number. If no sensor is selected, if
testing is in progress (items 15, 16, or 17 selected), or if a test has been completed unless TERM has
been entered first, an attempt to execute item 15 or 16 is illegal.
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d. AUTO SEQ - Execution of item 17 initiates self-testing of all the sensors listed on the display. When
item 17 is selected, an asterisk appears beside the item number. If testing is already in progress (item
15, 16, or 17 selected), or if a test has been completed unless TERM has been entered first, an
attempt to execute item 17 is illegal.

e. TERM - After test results have been displayed for all sensors under-going test, selection of item 18
will deselect (inhibit) testing of all sensors, blank all test results, display an asterisk beside item 18 and
cyclically display the dynamic parameter data associated with the RGA’s and ADTA’s. If testing is still
in progress, execution of item 18 is illegal.

f. INH ALL - When testing is not in progress (asterisks absent from beside items 15, 16 and 17), item 19
may be selected. The effect is to inhibit all sensors, remove all asterisks from beside items 7 through
14, and cause an asterisk to appear beside item 19. Execution of item 19 when item 15, 16, or 17 is
selected is illegal.

/XXXX/ 102/ RCS/ RGA/ ADTA TEST XX X DDDY HH: MM SS\
DDDY HH: WM SS

RCS DRI VERS
RIDF 1X START TEST 4X STAT  XXXX
RIDA-A  2X CONT 5X JET XXX
-B  3X TERM 6 STEP X
SENSORS TEST CONTROL:
H GH START 15X
ENA STAT R P Y LOW START 16X
RL 7X XXXX  +XX. XS  +XX. XS  +XX. XS AUTO SEQ 17X
@ 8X XXXX XX XS XX XS  +XX. XS TERM 18X
A3 9X XXXX XX XS XX XS +XX. XS
4 10X XXXX XX XS XX XS XX XS I NH ALL 19X
ENA STAT PaC PS PaU PaL T
AL 11X XXXX XX XXXS XX XXXS XX, XXXS XX, XXXS  XX. XXXS
D3 12X XXXX XX XXXS XX. XXXS XX XXXS XX. XXXS XX. XXXS
T2 13X XXXX XX XXXS XX XXXS XX, XXXS XX, XXXS XX, XXXS
AL 14X XXXX XX XXXS XX XXXS XX, XXXS XX, XXXS  XX. XXXS

- w /

Figure 5-26, - Preflight RCS/RGA/ADTA test display (PFS)
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SECTI ON 6

| NERTI AL MEASURMENT UNI'T

6.1 | NTRODUCTI ON

This system brief describes the Space Shuttle Obiter High
Accuracy Inertial Navigation SystemUnit (HAINS) overal
perfornmance, physical characteristics, interface with the
Orbiter, nodes of operation, and data and control channels.
Details of the internal operational Flight Program (OFP) software
(including BITEs)and calibration are al so di scussed. Lastly, an
outline of the I MJ redundancy managenent (RM schene is provided.

Briefly, the HAINS Space Shuttle Orbiter unit was designed to be
used interchangeably with the old Space Shuttle KT-70 IMJs. The
IMJis an all-attitude, four-ginbal, inertially stabilized
platformw th associated el ectronics. The HAINS unit provides
three velocity conmponents (Vx, VW, Vz) along nutually orthogonal
axes and four axes of attitude data (Quter Roll, Pitch, Inner
Rol 1, and Azinuth Angles) to the Orbiter General Purpose
Conmputer. These outputs are proportional to Orbiter’s attitude
and inertially derived velocity and are used to control the
vehicle's flight. Each Obiter carries three IMJs (for
redundancy) which are nmounted on the flight deck on a comobn
navi gati on base.

The Orbiter general purpose conputers (GPC s) receive

extrapol ated velocity and attitude data (except Inner Roll) from
the IMJs through the flight-critical forward

mul ti pl exer/demultiplexers (MDMs FF) 1, 2, and 3. Data fromthe
GPC s are also transnmitted to the | MJ s through the sane MDM s.
In short, the IMJs are under the constant control of the GPC s.

Figure 6-1 is a functional block diagramof the HAINS. This
di agram depicts the functional interface of each nmjor
subassenbly or conponent. The HAINS consists of an Inerti al
Platform 12 Electronic Crcuit Cards, and a Wring Harness
Assenbly installed in a structural chassis.

Under the control of the Space Shuttle Obiter's General Purpose
Conmputers, the HAINS can be independently calibrated and aligned
prior to launch. During flight, the HAINS provides attitude and
velocity data to the Orbiter's conputers. During orbit, the

HAI NS can be independently aligned by the Orbiter's star
trackers.
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6.1.1 Physi cal Characteristics
6.1.1.1 Wei ght and Si ze

Table 6-1 sunmmari zes the physical characteristics of the HAINS:

CHARACTERI STI C VALUE
Wi ght 43.5 | bs (nmax)
Si ze:
Hei ght 9. 24 inches
W dt h 10. 88 i nches
Lengt h 22.00 inches

TABLE 6-1, HAI NS PHYSI CAL CHARACTERI STI CS

6.2 HARDWARE

The HAINS consists of the foll owing assenbli es:

ASSEMBLY
Chassi s and Harness
Inertial Platform
| nput Power Conditioner
Mul tiplex Ternminal Unit
I nput / Qut put El ectronics
Comput er Processor Unit
Support Circuit Card
Menory
Anal og/ Di gital Converter
DC/ DC Power Supply
Gyro Wheel Supply
Pl atform El ectronics No. 2
Platform El ectronics No. 1
Anci |l ary Board

A detail ed description of these assenblies and their functions
are given in section three of the Orbiter Hi gh Accuracy Inerti al
Navi gati on System (HAINS) Technical Description Volune | of 11
docunent (docunment #Y256C392).

6.2.1 Attitude Channel s

The Pl atform Assenbly of the | MJ contains four ginbals to enable
inertial stabilization of the innernost ginbal to which the gyros
and accel eroneters are nmounted (detail ed descriptions of the
gyros and accel eroneters are presented later). The ginbal order
fromouternost to innernost is as follows (see Figure 6-2):

a. Quter roll (X-axis) ginbal

b. Pitch (Y-axis) ginbal
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c. Inner roll (redundant axis) ginba

d. Azimuth (Z-axis) ginbal

The Platformis ginbals are gyro-stabilized using signals derived
from2 two-axis GYROFLEX gyros nounted on the innernost ginbal
The gyros sense cluster notion; their pickoff signals are
anplified by the ginbal |oop electronics and the appropriate
ginbal s are torqued via direct drive DC torquers to null the
notion sensed by the gyros. This operation is done with such
hi gh gain electronics that the platform does not really nove
before the ginbals respond to the gyro signal. In this fashion
the cluster maintains its inertial orientation while the ginbals
nove in response to vehicle notion. G nbal position can be
controlled by torquing the gyros through the high rate torquers
(slew) or through the precise, fine torquers on the gyro under
comput er control

Preci sion gi mbal angl e readouts are provided by dual speed
resolvers , which can be thought of as potentioneters having 1-
speed (1X) and 8-speed (8X) outputs on each of the 3 ginbals,
Azimuth, Pitch, and Quter Roll. A nore detailed description of
resolvers is given in a followi ng section. The resolver outputs
are sent to the A/D converter where they are converted into a
digital formdirectly representing the ginbal angles that the
GPC s uses to determ ne vehicle attitude. The 4th ginbal, Inner
Roll, has a linear pickoff excited by 19.2 kHz source which is
conditioned by the PE No. 1 card for a coarse A/D input and by
the PE No. 2 card for a fine AADinput. The A/D converter
converts these signals into a digital formrepresenting the Inner
Rol | gi nbal angl es.
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Figure 6 - 2, Cluster axes.
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6.2.1.1 G nmbal Description

This section describes the neans used to position the ginbals of
the HAINS pl atform and descri bes how the ginbals are controll ed
toinertially stabilize the stable element. The ginbal angle
data channel s provide accurate attitude angle information to the
Orbiter General Purpose Computer (GPC), via the MDM for each of
the four ginbals (Quter Roll, Pitch, Inner Roll, and Azinuth).

The ginbal isolation |oops are used to maintain the orientation
of the stable elenent (cluster) at any desired Orbiter attitude.
These | oops isolate the stable element fromthe effects of notion
of the Orbiter which would otherwi se disturb the stable elenent’s
inertial orientation. The X-, Y-, and Z-gyros are used to sense
any rotation of the stable el enment about their respective X-, Y-,
and Z-sensing axes. Wen the vehicle has rotational notion, the
gyro or gyros with sensing axes oriented in the direction of the
axis of rotation sense the notion and generate 19.2 kHz signals
at their pickoff outputs. These signals are preanplified then
sent to the isolation |oop electronics where they are anplified,
denodul at ed, and servo-conpensated. The signals are then used to
excite the proper ginbal torquers which cause the ginbals to
rotate in a direction to nove the gyros back to the nul

positions of the gyro pickoffs, thereby closing the isolation

| oops. The gain of this loop is so high and the dynanics are so
fast that the isolation operations are practically instantaneous
and the stable el enent remmins essentially undisturbed
(inertial).

The four ginbal |oops consist of the sensor, electrical

denodul ator, integrator (except for outer roll) used in the high-
gain isolation node, a |l owgain voltage anplifier used in the

| ow-gain isolation node (during sequencing up the platforn, a
notch filter (except for outer roll), sunming anplifier and power
output anplifiers. Mde switching within the loop circuits is
acconplished by solid state electronic switching.

The configurations of the isolation |oops are shown in Figure 6-
3. The outputs of the X- and Y-gyros are resolved, as a function
of the azinmuth ginbal angle, into conponents along the inner rol
and pitch ginbal axes such that they cause the required rotation
of these ginbals to maintain the X- and Y-gyro pickoffs at their
null position. The inner roll ginmbal is a redundant (fourth)
ginbal that is used to provide an all-attitude I MJ while
preventing the possibility of ginbal lock (a condition which will
cause the inertial platformto lose its reference). A resolver
that is driven by the inner roll ginbal is used to excite the
outer roll electronics thereby causing the outer roll ginbal to
absorb the roll notion and | eaving the inner roll ginbal at its
nul |l position. This also causes the inner roll ginbal to remain
orthogonal to the pitch ginbal
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When the pitch ginbal angle is 0°, the inner roll and outer roll
axes are colinear and therefore have maxi mum ki nemati ¢ coupling
to one another. At exactly x90° of pitch, however, the inner
roll and outer roll axes are orthogonal and no coupling exists.
This condition is known as the ginbal flip condition. When this
condition exists, any notion other than pure pitch will cause
rapid novenents of the outer roll and azinmuth ginbals (hence the
nane ginbal flip) and further pitch novenents will cause the
pitch ginbal to nove back toward null. The novenent of the outer
roll and azimuth ginbals results in the IMJ attitude's being
described by a different Eul er sequence. Since any attitude can
be described by a nunber of different Eul er sequences, the ginbal
flip has no effect on the inertial reference or the inertial
attitude processing software. |If, however, the IMJis in the
ginbal flip region and pure pitch notion (to within an arc-ninute
or so) is continued, the ginbals nay not flip and the I MJ will

|l ose its reference (comonly called platformtunble).

However, this condition is mnimzed by the addition of a Pitch
switch, on the Platform El ectronic No. 2 card, which increases
the gain of the outer roll |oop when the pitch angle is 92
degrees. The switch is controlled by the OFP software. The gain
of the loop is decreased, followi ng ginbal flip, when the pitch
angl e decreases to 88 degrees. As little as 1 arc-nminute Orbiter
of fset froma pure pitch travel through +/- 90 degree pitch will
insure that ginbal flip occurs.

The probability of a tunble condition occurring is very snmall.
Furthernmore, the three HAINS are initially aligned so that their
cluster orientations are skewed relative to one another. Hence
only on of the above HAINS woul d be exposed to the possibility of
a tunble condition. 1In general, during the ginbal flip itself,
the inertial orientation of the stable elenment is naintained.

The final axis that has not been addressed is the Z isolation

| oop. Unlike the X- and Y-loops, the Z-axis is straightforward.
The Z-gyro causes closed | oop ginbal action only via the azinuth
torquer which drives the Z-ginbal. Figures 6-4, 6-5, and 6-6 are
schemati c diagrans of the isolation |oops.

The ginbal systemand its servo | oops are capable of follow ng
vehicle notions with maxi num angul ar rates of 35 deg/sec and

maxi num angul ar accel erati ons of 35 deg/sec2 (Orbiter linear
acceleration of 6 g's) while nmaintaining the inertial reference
wi thin specification accuracy requirenments. For sinusoidal-type
noti ons, whether caused by maneuvers or vehicle flexing, the I MJ
perforns well within the linmts shown in Figure 6-7.

Al t hough the outer roll, pitch, and azinmuth ginbals have
unlimted freedomof rotation, the inner roll ginbal is
mechanically limted to a maxi numtravel of +16°.

The gi nbal s each have two singl e-speed (1X) and ei ght-speed (8X)
resolver outputs, with the exception of the inner roll ginbal

6-12



SHUTTLE ORIG K. Dunn I MJ
GNC/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0

Since the inner roll ginmbal has limted rotational freedom the

1X outputs are not needed. The resolver outputs are proportional
to the sine and cosine of the actual ginbal angle and are 400-Hz
out put s.
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Figure 6 - 4 (sheet 1 of 2). - Schematic diagram, inner and outer roll cage isolation loop.
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Figure 6 - 5 (Sheet 1 of 3) - Schematic diagram, pitch cage and isolation loop.
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Figure 6 - 5 (Sheet 3 of 3) - Schematic diagram, pitch cage and isolation loop.
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Fig. 6-6 (Sheet 1 of 2) - Schematic diagram, azimuth cage and isolation loops.
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Fig. 6-6 (Sheet 2 of 2) - Schematic diagram, azimuth cage and isolation loops.
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Figure 6 - 7 - Angular rate capability.
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6.2.1.1.1 G nbal Angle Qutputs

Resol ver Nul | Wth both the azimuth axis vertical and the HAI NS

housi ng | evel , the single-speed outputs of each
gi nbal resolver are 0 degrees +/- 30 arc mnutes,
max. This tolerance includes the null set and
its stability and the stability of the DC
component of each resol ver error curve.

Accur acy The error relative to the shaft position of the
ei ght speed el ectrical zero for the one-speed
outputs of the azimuth, pitch, and outer rol
resolvers are +/- 20 arc mnutes, naxi num over
360 degrees. The errors of each of the eight-
speed Azimuth, Pitch, and Quter Roll resolvers
are calibrated over 360 nechani cal degrees for
the azinuth and outer roll axes, and +/- 80
degrees for the pitch axis, and the calibration
data is stored in nenory for autonmatic
conpensation of the errors. Sinilarly the inner
roll linear 19.2 kHz pickoff errors are
calibrated and the data is used for automatic
compensati on.

6.2.1.2 Resol ver Description

Preci sion gi nbal angl e readouts are provided by dual speed

resol vers having 1-speed (1X) and 8-speed (8X) outputs on each of
3 ginbals, Azinmuth, Pitch, and Quter Roll. The resolver outputs
are sent to the A/D converter where they are converted into a
digital formdirectly representing the angles. The 4th gi nbal,
Inner Roll, has a linear pickoff excited by 19.2 kHz source which
is conditioned by the PE No. 1 card for a coarse A/D input and by
the PE No. 2 card for a fine AADinput. The A/D converter
converts these signals into a digital formrepresenting the |nner
Rol | gi nbal angl es.

The dual - speed resol vers produce out puts proportional to sin g

and cos g by rotor and stator windings simlar to the diagramin
Fi gure 6-8.
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EXCITATION O P OB
1
A : .
: "~ «—— ASSUME CW ROTATION
! > ABOUT THE SHAFT
STATOR ! ROTOR (SHOWN AT 0°)
B = ACOS 6
C=ASIN G

Figure 6 - 8 - Stator windings.

The diagramis sinplified when conpared to the actual resolvers,
but the design theory is the sane. As the angular rel ationships
change between the wi ndings on the stator and rotor, the

i nduction in the magnetic field changes, produci ng an output at
points B and Cin the diagram The output varies as the sine and
cosi ne of the angle between the w ndings.

The A/ D converter converts the sin g and cos q outputs (both 1X
and 8X) into a 13-bit tangent g or cotangent ¢ data word, where q
represents the total ginbal angle. The A/D operation, shown in
bl ock diagramformin Figure 6-8, is initiated by the nultipl exer
sequencer.
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The sequencer awaits the zero crossing of the ac carrier of the
first resolver channel to be processed. The zero crossing cl oses
the multiplexer switches of the first

resol ver channel, and the signals are buffered and passed to the
signal conditioning circuitry (MILTICON). The signa
conditioning is acconplished by applying the sine and cosine
inputs to (RC) networks for a fixed tining interval (135° of the
400 Hz carrier). The appropriate choice of the tinme of swtch
closure, effective capacitance, and effective resistance nmininze
guadr ature, harnonics, and noise effects. The resolver outputs,
now dc voltages fromthe signal conditioners, are sent to the
anal og encoder. The encoder passes the dc signals through an
integrator for a fixed tine, T, where Tis the tinme required to
fill a counter initially set to zero to a counter full condition
The counter is then reset to zero and a reference voltage of the
opposite polarity of the input signal (resolver outputs) is
applied to the integrator. The counter neasures the tine
required to discharge the integrator circuit to zero as detected
by the conparator. By checking the signs of the sine and cosine
i nputs, the encoder determ nes whether to nmake a tangent or

cot angent conversion. Assum ng Kising and Kpcosq as inputs,

where Ki and Ko represent scale factor differences in the inputs,
a tan g conversion takes the form

: T t
K1 (sin theta) rC - Ko (cos theta) -0

K1
t = Ky (tan theta) T

For a cot angent conver si on:

T : t
Ko (cos theta) rC - K1 (sin theta) -0

K2
t = K1 (cot theta) T

The I MJ A/ D converter then converts the ginbal angle output into
a 13-bit tangent g or cotangent g data word, where g represents
the ginbal angle. The three nost significant bits (MSB's) |ocate
the octant the angle lies in and the converter uses the octant
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code to represent the magnitude tan g or cot g (restricted to a
value from0O to 1). As an exanple, assune the converted 13-bit
word i s expressed as:

Bi t 1] 2 3 4 5 6 7 8 9 [10 |11 ] 12 ] 13
Value |0 | 1 1 0 0 0 0 0 1 1 0 0 1

Most
significant bits Least significant bits

Fromthe first three bits, the converter knows that the angle is
in the fourth octant (value of the three MSB's is 3 and 3 X 45° =
135°; adding the value of the 10 least significant bits (LSB' s)
yields the total angle). Table 6-11 indicates when the tangent
function is used and when the cotangent function is used.

Functi on
Cct ant Bi nary code |represented
by 10 LSB' s
1 000 Tan
2 001 Cot
3 010 Cot
4 011 Tan
5 100 Tan
6 101 Cot
7 110 Cot
8 111 Tan
TABLE 6-11, A/ D FUNCTI ON DECI SI ON

In the exanple, the three MSB's indicated the angle was in the
fourth octant. Referring to the table, the 10 LSB s represent
the tangent function. Therefore,

25 25
Tan g = 510 ~ 1024 = . 0244

The angle g = 1.3985°, and the total angle is 135 + 1.3985° or
136. 3985°.

The 1X resol ver outputs are sanpled every 12 nsec using one basic
circuit in a multiplex schene to generate dc voltages
proportional to sin q and cos g, when again g is the particul ar

gi nbal angl e being sanpled. The 8X resolvers are simlarly
sanpl ed but at a 5 nsec rate using a different sanmpling circuit
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than that used for the 1X outputs. One converter and mnulti pl exer
are used to convert all of the 1X and 8X sanpl ed data from dc
voltages to a 13-bit binary digital word proportional to tan q or
cot g. The data then enter a |look up data read only nmenory (ROM
to obtain the whole angle equivalent to tan q or cot q. The
whol e angle data is represented by a 13-bit binary word with the
M5B representing an angle of 180 el ectrical degrees.

The interpol ator card receives both 1X and 8X resol ver dat a;
however, only the 8X data is interpolated. The 1X data enters
the card only for storage and is buffered via a serial

mul tiplexer until the Orbiter conputer commands the data to be
transnitted. The nain purpose of the interpolation is to provide
a data snapshot of all ginbal angles in the IMJ that represent a
good estimate of the set of angles existing at an instant of

tinme.

The interpol ati on schene for the ginbal angle data is shown in
Figure 6-10. The last two 8X data sanples taken fromthe A/D
converter are shown in the figure. The interpolator retains only
the last two sanples for each ginbal and perforns a |inear

i nterpolation between the sanples at an update rate of 64 tines
bet ween sanples. Since the A/D converter sanples data every 5
nsec (every two cycles of the 400 Hz resolver excitation), the

i nterpolation update is done every 78 psec. Wen the Orbiter
computer comand arrives at the | MJ (shown at 12 nsec in figure
6-10), the interpolator freezes the data corresponding to a tine
exactly 5 nsec prior to the present tinme (shown at 7 nmsec). This
schenme minimzes the relative data stal eness between all 8X data
channel s by essentially forcing each channel to have the sane
amount of absol ute stal eness.

The | MJ sends separate 1X and 8X data words to the GPC s where
the words are conbined to formone precision angle word. The 1X
output is used prinmarily to deternine the octant of the tota
angl e; and, consequently, the 1X resol ver accuracy is not

critical. The 8X resol ver, however, precisely |locates the actual
angle within the octant specified by the 1X output, and its
accuracy is therefore very critical. The specifications for the

resol vers are shown in Table 6-111

| 1X | 8X

Accur acy 10 arcmin, 1s 21 arcsec, 1s

Excitation frequency | 400 Hz £+ .015 % | 400 Hz + .015 %

Excitation voltage 18 VRVMS £ 5 % 18 VRVS £ 5 %
TABLE 6-111, RESCOLVER SPECI FI CATI ONS
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6.2.1.3 Gyro Description

The | MJ contains two two-degree-of-freedom gyros used for
platformstabilization. One gyro is oriented such that its input
axes are aligned with the X- and Y-pl atform axes and the second
gyro is oriented such that one input axis lies along the platform
Z-axis. The other input axis of the Z-gyro lies in the XY-plane
and is used as a platformrate detector. Its function will be
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di scussed in the built-in test equiprment (BITE) portion of this
report.

The two gyros are identical in construction. The gyro wheel is

suspended by a dry flexure joint (Figure 6-11) which not only
supports but al so pivots the wheel

WHEEL FLEXURE

COVER

‘§§§§§§§§§§§§§\

TORQUER PICKOFF

N

HOUSING N2 } N SPIN BEARINGS

2 =1

MOTOR STATOR

MOTOR SHAFT
MOTOR ROTOR

Figure 6 - 11, Gyroflex gyro mechanical schematic.

The design of this joint is such that all spherical friction
restraints are elimnated. The joint is the part of the shaft
driven by a synchronous-hysteresis notor. The deflection of the
gyro wheel due to an input torque is neasured by a two-axis

pi ckoff. A two-axis torquer provides conpensation torquing for
gyro drift. The size and weight of the gyro are shown in Table
6-1V.
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D anet er 2.13 in.

Lengt h 1.70 in.

Wi ght 0.67 Ib

TABLE 6-1V, GYRO SI ZE AND WEI GHT

The notor which drives the gyro wheel is a two-phase synchronous-
hysteresis notor excited by a 19-V peak-to-peak two-phase, 480-Hz
square wave. The notor shaft is supported by a pair of precision
bal | bearings which are preloaded to raise the natural frequency
of the wheel well above the synchronous speed.

As previously stated, the suspension system connects one end of

the spin notor shaft to the wheel. The system consists of a two-
pi ece flexure which provides support al ong and perpendicular to
the spin axis. In addition to supporting and driving the wheel

t he suspensi on system al so provi des angul ar freedom about two

per pendi cul ar axes. The conbination of axial and radial flexures
i s designed to have equal spring rates, thereby achieving near-
perfect isoelasticity. H gh radial and axial stiffness attai ned
with these flexures also raises the natural frequency of the
wheel well above the synchronous speed. The wheel is then free
to pivot about two orthogonal axes without frictional torque.

The pi ckoff, which senses wheel deflections, operates on the
differential transformer principle and consists of four U shaped,
soft iron cores around which are wound four pairs of coils.

Thus, a pair of coils is located in each quadrant of the pickoff
stator. This stator is an integral part of the gyro housing,
with the face of the stator perpendicular to the spin axis of the

gyro.

The required gyro performance is sunmarized in Table 6-V.
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Par anet er s Range 1g val ues
X, Y, Z GYRO BI AS ( RESTRAI NT +3 deg/ hr 0. 006 deg/ hr
DRI FT DFX, DFY, DFZ ALL ATTI TUDE
X, Y, Z GYPTO SCALE FACTOR 0.5 +0. 185 ARC- SEC/ PULSH200 PPM
KTX, KTY, KTZ 0.5 -0.050 ARC- SEC/ PULSH?200 PPM
G SENSI TI VE DRI FT
(X, Y GYRO & Z GYRO):
MASS UNBALANCE DRI FT +2.0 DEG HR/ G 0.15 DEG HR/ G
DX DY, Dz +2.0 DEG HR/ G (ALL ATTI TUDE)

QUADRANT DRI FT
DSX, DSY, DSZ, DOZ

G SQUARED DRI FT (X, Y GYRO & 1 -
GYRO

0. 005 DEG HR/ G

GYRO RANDOWNESS -

0. 0021 DEG HR

TABLE 6-V, GYRO PERFORMANCE CHARACTERI STI CS

The gyro randommess requi renment of 0.0021 deg/hr, one sigma, is
specified to assure that the 60 arc-second, one-sigm, azinuth
alignnent requirement is achieved. This is a gyroconpassing
requi rement. The other gyro performance requirenents conply
directly with Obiter | MJ Procurenent Specification MZ409-0126.

6.2.1.3.1 Sl ewi ng and Pul se Torqui ng Loops

The | MJ uses the gyros not only for platformstabilization but
also for platformrepositioning. Each gyro has torquing coils on
each axis such that inputs to these coils cause a deflection of
the gyro in that direction. Since the stabilization |oops are
always trying to null the gyro deflection, purposely causing a
defl ection will cause ginbal novenent and hence platform

novenent. Under control of the GPC s, the platformcan

be sl ewed

at arate of 72 deg/mn. The slewing | oops of the | MJ are used

to quickly position the ginbals of the IMJto desired

orientations. After arriving at approximately the desired gi nbal
orientation, the gyro pulse torquing | oops, which have better
resolution but slower rotational speed, are used to finely

position the ginbals to the desired orientations.

6.2.1.3.1.1 Sl ew Capability

In this subnode, the conputer can independently command

the X, Y,

and Z gyro axes to receive slew commands in the required sense
for a desired tinme period. The commands are sent via |Input Data
Wrd No. 2 to the HAINS. The HAINS 1/ O decodes this word and
sends appropriate torquing commands in the formof fixed direct
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current (DC) levels to the anal og torquers of the pertinent
gyr os.

The X, Y, and Z axes are capable of being slewed at a nm ni num
rate of 56 deg/mn under control of conmands fromthe Orbiter
GPC. Figure 6-12 is a functional diagramof the slew ng | oops.
The GPC s issue slew commands to the | MJ which excite relays in
the slewlogic. This in turn causes a differential voltage of
approxi mately 30 V dc to be applied across the main torquer coil
(slew torquer) of the pertinent gyro axis to which a slew command
has been issued. The slew direction is controlled by the
polarity of the differential voltage. The slew commands cause
the gyro to precess, which causes the pickoff to sense an off

null condition. The isolation |oop electronics then drive the
proper ginbal torque notor in a direction to attenpt to null the
pi ckof f output. Since the slew command causes the torquer coi

to stay energized, the ginbals will continue to try to null the
gyro output until the slew conmand is renmoved. The GPC s check
each conputer cycle to determine if the desired gi nbal angles
have been reached. When the desired angl es are achi eved, the

sl ew command is renoved and the stabilization [oops null the gyro
output to maintain the stable nmenber orientation. The slew |logic
is capable of slewing the platformat a rate of 72 deg/ m n about
any one axis or any conbination of axes to within 1° of the
desired angl es.

GIMBAL

ISOLATION LOOP AXIS
ELECTRONICS

> > B
KG(S) GIMBAL ANGLE

DATA ELECTRONICS

Y

P/O SYSTEM

© AND 80 DATA BUS

RESOLVER DATA

1

1

1

1

1

1

1

1

KINEMATIC 1
COUPLING [ """ »
1

1

1

1

SERIAL

DATA LINE SLEW
<«—————>» 1) COMMAND

v MUX CARD FROM
a00Hz ——™ D v ——— COMPUTER
DATA CONTROL (VIA MDM)

DISCRETES

! P/O SYSTEM
DATA BUS

E— TR

PE #1

19.2 KHZ

A4
GYRO  MAIN N~
SLEW

R GYPTO | SLEW
O O <] (+15VPC OR-15VDC) o €T o
SLEW | W (GYPTO) CARD

LoGIC |
P.O. TORQUER

Figure 6 - 12. Typical Gimbal Slewing Loop.
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6.2.1.3.1.2 Pul se Torqui ng Capability

In this subnbde, the conputer can independently command that fine
gyro torquing signals in the formof pulses be sent to the X Y,
and Z gyro fine torquer axes. The commands are sent via |nput
Data Word No. 1 to the HAINS. Five bits in this word are used to
designate the fine torquing to be acconplished for each gyro
axis. One of these bits indicates the desired torquing sense,
the other four indicate the nunber of pulses to be issued to the
pertinent gyro torquer.

During flight, the IMJ platformis inertially controlled. The
Gyro Pul se Torquing (GYPTO commands can be issued to the gyros
in any of the flight nodes (launch, orbit, entry). The GYPTO

| oops are used when it is desired to accurately orient the stable
nmenber to a desired position or when it is desired to maintain a
given orientation by conpensating for effects such as, earth's
rate and/or gyro bias drift rates. A typical GYPTO torquing | oop
functional diagramis shown in Figure 6-13. This one-channel
representation is the sanme for all three GYPTO channel s.

+lovboc | KINEMATIC | _ _ _ _ _ _
PRECISION : COUPLING 1 GIMBAL
SUPPLY : ISOLATION I AXIS

: LOOP !
. 1
BIA : ELECTRONICS

s
TORQUER : 19:2KHZ

1] 2|1 (@@ #’

P.O.

Sw2 SW1

—>® v © AND 80 GIMBAL
a00Hz ——> ANGLE
DATA
ELECTRONICS
P/O SYSTEM

DATA BUS

PE #1
SD LINE

GYPTO < > | awo

DRIVE GYPTO 110 MUX

LoGIC € CYPTO controL | €210 CARD P/O SYSTEM DATA BUS DATA COMMAND
(CLUSTER | CMD & SLEW DISCRETES CONTROL FROM

ELECT.) A DISCRETES GPC

200 HZ

CPU CARD

Figure 6 - 13. Typical GYPTO Torquing Loop.

The individual GYPTO commands are deternmined by the Orbiter GPC
and are sent to the HAINS in Input Word No. 1. The conmands are
processed by the CPU which converts the torquing conmand into a
torquing rate. 1In addition, the internal software will, if
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needed, conpensate the torquing rates for gyro nisalignnents and
restraint drift. For the Input Data Word No. 1 (see Table 6- XXl |
in section 6.4.1.2 for nore detail), the nost significant commuand
bit of the 5 bits/channel contains the sign (sense) of the input
conmand and the rermaining 4 bits indicate the nunber of precision
DC current torquing pulses that are to be applied to the
pertinent gyro. Each torquing pulse lasts for a period of 1/200
second = 5 mlliseconds, and causes a nom nal angle of 0.5 arc-
second to be torqued out. The isolation |oop responds to gyro
torqui ng commands in the sanme manner as previously described for
sl ewi ng.

The GYPTO el ectronics (Figure 6-14) are contained in a hybrid
nodul e | ocated on the platformcluster. Synchronized GYPTO
torquing pulses fromthe platformelectronics (W, W, and W) are
used to switch a precision current source to the GYPTO torquing
coils. The W, W, and W control is deternined by the
operational flight program (OFP) and issued through out put
discretes to the PE No. 1 card. The synchronized W, W, and W
outputs are then fed to the GYPTO hybrid nodule in the platform
Since the issuing of the torquing commands would normally vary
with the conputer instruction tines and direct nenory access
(DMA) tines, a precise current waveformis mai ntai ned by
synchroni zing the GYPTOto the 200 Hz clock. The OFP det erm nes,
and spreads out, the required nunber of torquing pul ses during a
40 nsec peri od.

I MATCHED VISHAY
PE#1 CARD | RESISTOR OUTSIDE\r | PLATEORM
| HYDRID MODULE LI_AWJ\N\"LI
I — —
| PRECISION |4~ MZB29ZENER
———  +10vDC I EXTERNAL TO
! sV SUPPLY | HYBRID MODULE
| — -
I MATCHED VISHAY I —_ —
| RESISTOR OUTSIDE r | i | |
I HYDRID MODULE | | | | |
| sy -15V +15V  -15V | | | |
| [ I S I | | [ [
x ° Wyg Wyg
5 s | GYPTO R : -
Q DRIVE

| DRIVE | GYPTO GYPTO

c LOGIC
| LoGIC CHANNEL CHANNEL
| ' |

Wy | %7 +15V LO
D Wys GYPTO HYBRID

200 HZ

SYNCHRONIZED TORQUING WAVEFORM

Figure 6 - 14. - GYPTO Functional Schematic
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To explain how the GYPTO | oops function, assune a conmand for two
positive pul ses has been received by one of the loops. An

UP/ DOMWN counter will be counted down at a 200 Hz rate until the
counter indicates zero pulses. |In this case, a switch would
close to allow a positive precision current to enter the gyro

bi as torquer (much smaller than the main torquer) for two 5 nsec
pul se periods (10 nmsec total). After the 10 nsec, the circuitry
automatically causes the precision current to toggle fromplus to
mnus at 5 nmsec intervals until the next GYPTO conmmand is
received. The countdown of the next GYPTO command will not begin
until a full toggle cycle is conplete.

Since the maxi muminput word update rate fromthe GPCis 25 tines
per second (every 40 nilliseconds) and the GYPTO cl ock has a
frequency of 200 Hz +/-0.015% (5 milliseconds per GYPTO pul se),
then a nmaxi mum of 8 GYPTO pul ses could be issued to the gyros
between GPC iterations (updates). However, the GYPTO and GPC

cl ocks are independently derived and, in general, their
frequenci es are asynchronous and not exact nultiples of one
another. Therefore, it is possible that it could take a greater
period of tinme for the HAINS to i ssue a nmaxi mum nunber of GYPTO
pul ses (8 pul ses) than the tine between GPC updates.

Consequently, the GYPTO scale factor was chosen so that its

maxi numtorquing rate i s never |ess than 90 deg/ hour. The GYPTO
scale factor falls in the range fromO0.45 to 0.685 arc-second per
5 millisecond pul se, this corresponds to a maxi mum GYPTO rat e of
100 deg/hr +37%/ -10% After calibration, the uncertainty of the
GYPTO scal e factor is required to be 200 parts per mllion, one
sigma. The nmaxi num possi ble GYPTO torquing rate is 137 deg/ hr.
For higher rates, the slew circuitry and slew torquers are used.

6.2.1. 4 Redundant Gyro Axis Rate Channel Description

The HAINS has two dual axis GYROFLEX gyros, thereby providing a

total of four gyro axes. Sensed rates fromthree of these axes

are used to stabilize the stable nenber about its three nutually
orthogonal axes (X, Y, Z). The output fromthe fourth gyro axis
(Raxis) is not required for basic HAINS functioning and is used
by the GPC for BITE and redundancy managenent.

Fi gure 6-15 shows the orientation of the redundant axis with
respect to the X- and Y-gyro axes. The redundant gyro sense axis
lies in the plane of the X and Y gyro sense axes and is displaced
26.5 +/- 1.5 degrees fromthe X gyro sense axis. Because of the
| ocation of the redundant axis, the sensed rate is:

WR = Wy €0s(26.5°) + w, sin(26.5°)

where wR is the sensed rate, w is the rate about the X-axis, and
Wy is the rate about the Y-axis.
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X-GYRO
A
R
26.5°
Wr
Wy & <
~ 0 0

W= W, COS26.5 +W, SIN26.5

S Wy Y-GYRO
— >

WHERE: Wy = GPC commanded X-gyro torquing rate
Wy, = GPC commanded Y-gyro torquing rate

Figure 6 - 15, Redundant gyro axis orientation.

A current (dc) proportional to wg is obtained by putting the

redundant gyro axis in a rate capture | oop also shown in Figure
6-16. The current is passed through a resistor in a buffer
amplifier to generate a voltage proportional to wg. This dc

voltage is then converted into a digital data word every 10 nsec
by the A/D conversion circuit and discretely sanpled by the
GPC s.

A 19.2 kHz AC voltage, proportional to the redundant rate, is
nmeasured at the gyro pickoff output. This voltage is then
denodul ated and anplified on the GA5 card. The DC output is
digitized by the A/D card processor and filtered by the OFP and
sent out, via MIJX, as Qutput Word No. 2. The format for Qutput
Wrd No. 2 is described in Table 6-XXVI1 (shown in section
6.4.1.4). The DC output is also used to close the redundant gyro
capture | oop.

The value of the redundant rate is conpared with the conputed
(expected) rate of the stable nmenber about the redundant axis and
the difference between themrepresents an error drift rate. The
conmputed rate is obtained using the X and Y GYPTO conmand rate
information which is available in the GPC. The error drift rate,
therefore, represents a deviation fromthe expected drift rate
and is caused nainly by excessive gyro drift rate uncertainty.

If the error drift rate should exceed a predetermned level, it
woul d indicate that a problemexists in the HAINS. Consequently,
the redundant gyro rate signal is a conputer-aided BI TE signal
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MUX /] SYSTEM DATA BUS A/D
N\ 1 > conversion [€7
SERIAL DATA LINE
(OUTPUT WORD 2)
GPC
CPU
W, W
R V; MDM R »( x ERROR
RATE
COMMAND RATE
Figure 6 - 16. - Redundant Gyro Sensed Rate Channel
6.2.1.4.1 Per f or mance/ Desi gn

The Redundant Gyro loop, along with its transfer function, is
shown in Figure 6-17.

There are four parts to the system capture | oop, redundant gyro
nmoni tor electronics, HAINS i nternal software, and GPC software in
the Orbiter.

The capture loop is driven by the relative di spl acenent between
the case and the rotor. The gyro pickoff converts the

di spl acenent into an electrical signal which is anplified,
filtered, and used to drive the torquers which maintain the
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redundant axis near its null position. Both the GYPTO and sl ew
torquers are used for feedback torquing.

The redundant gyro nonitor (RGW electronics anplify the signal
sent to the torquers, sanple the result, and convert it to
digital

The software is in tw parts, the HAINS software and the GPC
software, both are displayed in Figure 6-17. 1In the HAINS

i nternal software, the redundant gyro signal is conpensated for
redundant gyro channel error paraneters calibrated at the
factory. This includes nass unbal ance, bias, delta bias, and
scale factor. The corrected signal is put through a first order
filter:

Xoer = (.995) X, + .005 U, X =0

where U, is the signal, and X, and X, are successive val ues of
the filtered signal. The filter time constant is approximtely 2
seconds. The result is extrapolated to be consistent with the
data request fromthe GPC. The RGM output word is quantized with
an LSB of 0.008625 deg/hr. These instructions are inplenented at
a 100 Hz (10 nsec) rate.

When the data reaches the GPC, the three least significant bits
are dropped, because the GPC software was designed to work with
three fewer bits. The utilized LSB is nominally 0.138 deg/hr,
which is about one fifth of the 0.7 deg/hr. BITE threshold. The
data is conpensated using the latest RGM calibration data. In
the Orbiter's GPC, the corrected signal is put through a first
order filter with the sane constants as the HAINS filter. This
filter, and nost of the GPC redundant gyro conputations, are
executed every 160 nms in flight. The mass unbal ance conputation
is an exception which is run at 960 ns in flight. The filter has
a time constant of about thirty seconds.

Most of the channel elenents are linear but there are severa
exceptions. Three of themare quantizations and two of themare
delta bias conputations. O these, the 0.138 deg/hr quantization
is the nost inportant.
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Figure 6 - 17. - Redundant Gyro Loop
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Table 6-VI below lists the redundant gyro perfornance
characteristics.

Paramet er s Range 10 val ues
SCALE FACTORS
X (KXR) 0.505 to 0.821 4,000 PPM
DEG HR/ DEGE HR
Y (KTR) 0.252 to 0.409 4,000 PPM
DEG HR/ DEGE HR
Z (KZR) -0.175 to 0.175 4,000 PPM

DEG HR/ DEG HR

MASS UNBALANCE DRI FT

D R +/- 1.64 DEG HR/ G 0.05 DEG HR/ G

DOR +/- 0.82 DEG HR/ G 0.05 DEG HR/ G

DSR +/- 2.00 DEG HR/ G 0.05 DEG HR/ G
Bl ASES

DFR +/- 5.0 DEE HR 0. 05 DEGE HR

DDFR +/- 0.233 DEG HR 0. 05 DEG HR

TABLE 6-VI, REDUNDANT GYRO PERFORMANCE CHARACTERI STI CS

6.2.1.5 Attitude Software | nterface

In the inertial node of operation (further defined later in this
systens brief), the | MJ subsystem operating procedure (SOP) is
responsi ble for the GPC commands to the IMJ and it al so
interprets the data received fromthe | MJ

The SOP is divided into several different nodul es but this

section of the report will only address those nodul es concerned
with the attitude channel of the |IMJ

6.2.1.5.1 Resol ver processi ng (nodul e nane: GVD _RES PROC)

Bef ore being processed by this nodule, the IMJ resolver data is
processed by the HAINS OFP. The 1X and 8X resol ver hardware

val ues are sent to the A/D card where the conbi ned resol ver val ue
is calculated. Like the GPC software described below, the A/D
card firmvare perforns a validity test of the conbined hardware.
If the absolute difference between the 1X hardware val ue and the
conbi ned resol ver val ue exceeds 22.5°, the software nust correct
for the singularity by adding or subtracting 45°. Two

reasonabl eness checks are perforned next.

1. If the absolute difference between the 1X hardware val ue and
t he conbi ned resolver value is greater than 0.7 degrees, then
the foll owi ng occurs:

e set appropriate bit (2-12) in the A/'D BITE Sunmary Wrd,

6-43




SHUTTLE ORIG K. Dunn I MJ
GNC/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0

» set the OFP * ADJUST termvalue to 5 (initially = 0).
2. If both (or neither) the sine and cosine of each resol ver
angle is > 0.707, then the followng is perforned:

e set appropriate bit (2-7) in the AAD BITE Sunmary Wrd,
* set the OFP *adjust’ termvalue to 5 (initially = 0).

The AD_READ nodule in the OFP then reads the conbi ned hardware
value and sends it to the OFP s RES PROC nodule. In this nodule,
the resolver data is manipulated to get ready to send to the
GPCs. The conbi ned hardware value is set equal to the new 1X
resol ver value and the 8X resolver value is derived fromthe
conbi ned hardware. The *ADJUST termfromthe A/D card firmware
is now added to the 1X resolver value. 1t should be noted that
the value for the ‘ ADJUST termwas arbitrarily set to five to
make sure the GPC Resolver Limt BITE threshold of 1 deg is
tripped. The follow ng equations represent how the resol ver data
is mani pulated in the HAINS OFP software:

H/Wonbi ned = lXLO + 8X

if 1X- H Wominea > 22.5 deg (add or subtract 45 deg)
if 1X - H Wonbineg > 0.7 deg (ADJUST = 5)

if both sin and cos H Wonpineds >0r< 0.707 (ADJUST =5)
lxnew = H/Wonbi ned

8Xepc = extrapol ated from H Wonbi ned

1Xepe = 1Xiew + ADIJUST

The 8Xepec and 1Xgc are then transferred to the GPC RES_PROC

nodul e. The first step of this nodule is to convert the resol ver
readi ngs to conpensated nmechani cal angles. The inner roll ginbal
angle is first determned. |If the inner roll angle is less than
180°, as determned fromthe inner roll 8Xgc data word, then:

ANGRL = % - IRO

where BRL is the angul ar value of the inner roll 8Xgc word and
IROis the inner roll resolver offset (bias). The division by 8
i s necessary because the 8Xgc word is constructed the sane as the
1X word (explained later in the input/output (I/0O section of
this systens brief).

The software next conputes the conbined resolver angles (HW for
roll, pitch, and azinmuth. The |ogic takes the three nost
significant bits (MSB's) fromthe 1Xgpc words (1X (for roll,
pitch, and azinuth) to |ocate the octant, conmbines themwth the
correspondi ng 8X words (8Xec) to formthe total angle, and then
subtracts the |-Loaded resol ver bias (OFFSET).

GPC conputed = HW= 1X o + 8Xgpc - OFFSET
The GPC computed conbined angle is then subtracted fromthe

correspondi ng 1Xec angle reading. |f any absolute difference
exceeds 22.5°, the software nust correct for the singularity that
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can occur at multiples of 45°. Small errors in the 1X and 8X
resol vers can cause the 8X to overflow (past 45°) before the 45°
bit of the 1X word is set. This will cause the conbined angle to
be in error by as much as 45°. For this reason, the validity
test is perfornmed and 45° is added or subtracted to nake the
conbi ned word agree nore closely with the 1X word.

Validity test:
1X - HW= ERROR
if ERRORO > 22.5 deg then add or subtract 45 deg

The resol ver outputs are required to be nodul o 360°; therefore,
if the conbined angle is negative (nore bias than neasured

angl e), 360° is added to the conbined angle. |If the conbi ned
angle is greater then 360°, the software subtracts 360°.

Next the resolver outputs are linmt checked and if the absolute
di fference between the 1Xgc and the GPC computed H Wval ue is
greater than 1 degree, then the Resolver Limt Fail BITE is set
(discussed later in the BITE section). To correct a resolver
bias, a G MEM can be perforned to uplink a new value to the |-
Loaded OFFSET term This would renove the Resolver Limt Fai

BI TE, but the PLATFORM Fail BITE (determined by the HAINS OFP)
woul d still be annunci at ed.

The resol ver processing nodul e al so checks for transni ssion
failures (COM faults (CF)). |If a CF is detected, the software
propagates the gi nbal angl es under the assunption that the rate
of change of the ginbal angles is the sanme as detected during the
two cycles preceding the CF. The nodule is executed at a 1.04 Hz
rate during OPS 1 and 3, and at a 6.25 Hz rate in OPS 2 and 8.
When the star tracker software is active in OPS 2 and 3, this
nodul e i s executed on demand fromthat software

6.2.1.5.2 Gyro conpensati on (GVK_GYO_COWP)

The purpose of the gyro conpensation nodule is to conpensate the
GYPTO rates for gyro errors and msalignnments. Specifically, the
nodul e conputes desired torquing rates in cluster coordinates
whi | e conpensating for gyro drift error and gyro mass unbal ance
error. The torquing rates are also adjusted for gyro

nm sal i gnnents and gyro torquer scale factors.

During platformrepositioning operations (calibrations,
alignnments), the torquing rates are equal to the required
conmpensation plus the conputed torque rate required to conplete

t he repositioning sequence. During nost inertial operations, the
torquing rates are equal to the conpensation required to offset
measured gyro errors. During noninertial operations, this nodule
is executed at a 3200 nsec rate. During inertial operations, it

i s executed every 960 msec.
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6.2.1.5.3 Gyro torque processi hg (GW_GYO _TORQ

The GYO_TORQ nodul e converts the conputer-derived torquing rates
into the required nunber of pul ses of each gyro axis of each | MJ
The torquing rates are conputed in the above GYO COW nodul e and
passed to this nodul e.

The gyros are pulse torqued to maintain their orientation or to
reposition the platform This nodule actually conputes the
nunber of pulses to be sent to each gyro axis to conpensate for
gyro errors and/or reposition the platformfor alignnent or
calibration operations. Any pulses that were sent to the | MJ but
not executed, as determnmined by a transnission failure, are added
to the next conputed nunber of pulses. During OPS transitions,
this nodul e saves the pul ses that were not sent to the | MJ during
the transition period and adds those pulses to the first cycle
after the transition.

The GYO TORQ nodul e is executed at a 25 Hz rate during ground and

preflight operations, and at a 160 msec rate during all inertial
operati ons.

6.2.1.5. 4 Large angl e torquing (GYW LAT_FUNC)

The LAT FUNC nodule is used to rotate the cluster fromits
present orientation to any desired orientation with respect to a
given reference. The nodul e conputes the present cluster to
desired cluster transformation matrix fromwhich it then

determ nes the direction and duration of the required slew
commands. When the platformreaches its desired position, the
software comands a bi-directional slewto renmove slew direction
sensitivity effects. After the bi-directional slew, the software
commands digital torquing rates to reach the final desired
orientation of the platform Once the orientation is reached,
the commands to torque the platformare renoved and a torquing
conplete flag is set.

6.2.1.5.5 Redundant gyro nonitor conp (GW_RGV COW)

The redundant gyro nonitor (RGVW) neasures the inertial drift rate
of the I MJ about the redundant axis. The RGM COW nodul e
conpensat es the redundant gyro rate for gyro errors in support of
the BITE function of the RGM

Thi s nodul e conpensates for CF s by assunming that the rate is
changi ng by a constant anount equal to the change sensed on the

| ast two reads prior to the CF (linear extrapolation). Simlar
to the attitude gyros software, software al so conpensates the raw
RGM rate for nmass unbal ance drift and redundant gyro-axis drift.
The conpensated RGMrate is then filtered and snoothed by a | ow
pass filter.
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The RGM COWP nodul e is executed at a 6.25 Hz rate. The nodule is
not executed during alignments or while catch up torquing (after
an OPS transition) is in progress.

6.2.2 Vel ocity Channel s

Accel eration data is provided by three single-axis accel eroneters
(X, Y, and 2) located on the innernost ginbal which together form
atriad of three nmutually orthogonal accel eroneter axes. The
accel eroneters, a high accuracy version of the Kearfott

Cor poration baseline MOD VII, are single-axis, gas danped torquer
restrai ned pendul ous devi ces capabl e of sensing a w de range of
accelerations. The sensitive elenment is a pendul um cont ai ni ng
torquer coils and capacitance pl ates.

An alternating voltage (8V, 19.2 kHz) excites the capacitance

bri dge which produces a pickoff voltage due to the relative

di spl acenment of the pendulumto case resulting from sensed
accelerations. The pickoff signal is anplified by an integrally
mounted anplifier. The preanplifier output voltage becones the

| ow out put inpedance servo error signal which is fed to the
Digital Acceleroneter Loop (DAL) electronics on the platform

el ectronics card. The resulting feedback signal is in the form
of precise current pul ses, where the restoring coil current pul se
rate is a neasure of acceleration and each pulse is equivalent to
an increnent of velocity.

6.2.2.1 Accel eronmeter Description

The X, Y, and Z accel eroneters sense Orbiter acceleration
conponents along their respective axes. Each accel eroneter has
its own Digital Acceleronmeter Loop (DAL). The DAL is a termna
pul se rebal ance | oop which produces accurate current pulses to
restore the pendulumto null and provides an increnental velocity
pul se train to the HAINS conputer. Nom nal steady state

accel eration capability is 20 g's with a pul se resolution of

0. 0075 ft/sec.

Under conditions of little or no vehicle acceleration, the | oop
will limt cycle due to pul se quantization. Alternative positive
and negative pulses will displace the pendulumaround its nul
position.

The two pul se line outputs of each (X, Y, or Z) DAL channel are
connected to Gate Array Pul se Accunmul ators |located on the I/0O
circuit card. As the positive delta V or negative delta V pul ses
occur, they are accunulated in the Pul se Accurmul ators. The
contents of the pul se accurmul ators are snapshot (read) by the

HAI NS conputer/ OFP internal software via nmenory mapped

i nstructions.
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After the CPU OFP internal software reads the pul se count from
the accumul ator, it provides scale factor tenperature
conpensation of each velocity channel and scal es the pul se count
to either the high or low gain pulse rate as requested. Wen the
Message-In conmand (set high) is received fromthe GPC, the HAINS
causes the processed velocity output word count to be frozen.
Then, the X, Y, and Z velocity words are sequentially transmitted
via output words 10, 11, and 12 to the GPC

The accel eroneter | oop block diagramis shown in Figure 6-18.

.........................................................

—> DATA
L our
.............................. .
. ACCELEROMETER
GENERATION :
- » = K “y | aNE
. JS A2 + DS + K] PRE|™.P[K prpo > COMP
A : (vr)
V RESET
N | ) |‘
- I_I‘
P - PENDULOSITY A - INTEGRATOR GAIN
J - PENDULUM INERTIA N (S) - COMPENSATION NETWORK
D - DAMPING K, - SUMMING AMPLIFIER FORWARD GAIN
K - HINGE STIFFNESS N, (S) - SUMMING AMPLIFIER NETWORK
Kr - TORQUER SCALE FACTOR Vo - COMPARATOR TRIP LEVEL
KpRre - PICKOFF PREAMP GAIN Ko - SUMMING AMPLIFIER FEEDBACK GAIN
K preg - ADDED PREAMP 1 - PEAK CURRENT
V RESET - SUMMING AMPLIFIER VOLTAGE
PULSE RESET HEIGHT
Figure 6 - 18. - ACCELEROMETER LOOP BLOCK DIAGRAM
6.2.2.1.1 Per f or mance Desi gn

The accel erati on paraneter performance given in Table 6-VII
sumarizes the all-attitude performance capability of the
velocity channels. It can be seen that for the Ascent/Abort Once
Around (AOA) M ssion, the acceleration bias scale factor and
asymretry accuraci es are better than those for the Extended

M ssion. This reflects the nore critical requirenents of the
Ascent/ ACA M ssion. To achieve this performance, the

accel eration scale factor and bias are calibrated i mediately
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prior to a flight. The Ascent/AOA All-Attitude performance can
be achi eved for continuous operation covering a maxi mum of 15
hours of preflight time plus 2 hours of flight time. The

Ext ended M ssion performance is valid for a period of 170 fli ght
hours and includes 5 HAI NS turn-ons.
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Par aneters (over +/- 6 range) Range 1g val ues
X, Y, Z GYRO BI AS ( RESTRAI NT) +1000 M CRO-G|30 M CRO G,
KOX, KOY, KOz BOOST/ AOA M SSI GSN
(17HR); 40 M CRO G
EXTENDED M SSI ON
X, Y, Z ACCELERATI ON SCALE FACTOR| #107, 000 PARTS|25 PPM BOOST/ ACA
(H GH GAIN) PER M LLION |M SSION (17HR); 60
KIX, KIY, KIZ (PPM PPM EXTENDED
M SSI ON
ACCELERATI ON ASYMVETRY +2100 PPM 25 PPM BOGST/ ACA
KSX, KSY, KSZ M SSION (17HR); 40
PPM EXTENDED
M SSI ON
X, Y, Z ACCELERATI ON NON- LI NEARI TY
QUADRATI C CCEFFI Cl ENT, K2 - 5 MCROG G
CUBI C COEFFI ClI ENT, K3 i} 1 MCROGG
VI BRATI ON | NDUCED ACCELERATI ON - 680 M CRO -G ( MAX)
ERRCORS ( DURI NG VI BRATI ON)

TABLE 6-VII, ACCELEROVETER PERFORVMANCE CHARACTERI STI CS

To achieve the required performance, the platformunit containing
the acceleroneters is nmaintained at a constant tenperature via
the TCA (Tenperature Control Anplifier) Loops. |In order to
conpensate for variations due to tenperature changes of the DAL
electronics, located on the PE No. 1 circuit card, DAL scale
factor tenperature conpensation is provided via the OFP internal
software. The DAL tenperature sensor, nounted on the PE No. 1
circuit card, is connected to an A/D card DC channel input. The
CPU/ OFP reads The PE No. 1 cards tenperature as recorded by the
A/D card. The CPU OFP then nodifies the accel eroneter scale
factors for each channel based upon the tenperature and the PAL
calibration paraneters stored in EEPROM nenory.

The DAL el ectronics is powered by +5, +15, and -15 Vdc dedi cated
supplies. These voltages are generated on the PE No. 1 circuit
card and derived fromthe DC/DC card's +/-19 Vdc supplies. Each
of the DAL voltages is connected to an A/D card DC channel input.
The CPU OFP internal software nonitors the DAL vol tages, as
recorded by the A/D card and conpares the neasured voltage |evels
to BITE threshold | evel s.

6.2.2.1.2 Accel erati on Measurenent Perfornance

The accel eration channel has only one scale factor setting,
nonm nal Iy 4300 pul ses/sec/g.
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However, in order to neet transparency requirenents, the scale
factor is changed by the internal Operational Flight Program
(OFP). The OFP multiplies the internal scale factor by:
0.2171001 (934 pul ses/sec/g) for |ow gain operation
and
2.171001 (9, 335 pul ses/sec/g) for high gain operation
The low gain scale factor setting is used in all flight nodes.

The high gain scale factor setting is prinmarily used during HAI NS
calibrations and alignnents on the ground.

6.2.2.1.3 Definition of Acceleration Terns

The following is a basic acceleration error nodel (Table 6-VI1).

An= KO + [(1+ KS) + (KIj)] & + (K)a%i + (Kg)adi
wher e,

A = Accel eration neasured by the HAINS, g's

KQ = Bias, g's

Kl = Average scale factor (ideally equal to 1 g/qQ)

Ko = Quadratic nonlinearity coefficient, g/g®

Ka = Cubic nonlinearity coefficient, g/g°

KS = Asymmetry, g/g (the sign in the above equations

the sane as the sign of the a
sense)
Were i = X, Y or Z,
a; = | nput acceleration, g's
i = X, Yor Z
and,

Kl = [SF(+) + SF(-)]/2

SF(+) = Accel eration scale factor for positive orbiter
accel erations, defined for a linear fit between
0g and +1g inputs.

SF(-) = Accel eration scale factor for negative orbiter
accel erations, defined for a linear fit between
0g and -1g inputs.

KSi = [SF(+) - Kl ]/KI,

6.2.2.2 Vel ocity Software Interfaces

In the inertial node of operation (further defined later in this
systens brief), the | MJ subsystem operating procedure (SOP) is
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responsi ble for the GPC commands to the IMJ and it al so
interprets the data received fromthe | MJ

The SOP is divided into several different nodul es but this

section of the report will only address those nodul es concerned
with the velocity channel of the | MJ.

6.2.2.2.1 Accel eronmeter processing (GVC_ACP_ACUM

This nodul e reads the contents of three velocity registers in the
| MJ and conputes the change in velocity since the last read
cycle. To nonitor the hardware registers, this software has a
register of its own to which it adds or subtracts velocity
counts. |If conmunication with the IMJis lost, the software
assunes the DV conputed on the |ast pass is constant and
increments or decrenents the software regi ster appropriately.
Since the hardware registers are really continuous up/down
counters, the software nmust detect and conpensate for register
overflow. The software acconplishes this by assuming that a DV
(computed) that has a pul se count greater than the value of the
MSB in the register nust indicate that the regi ster has

overflowed. |If the DVis greater than 32,768 pul ses (215 16-bit
data word), the software subtracts 65,536 to arrive at the proper
DV. |If the DVis less than -32,768, the software adds 65,536 to
the DV. Wth this nmechanization, the software can accommopdat e
one register overflowin the presence of a CF (i.e., when

conmuni cation is reestablished, if the hardware regi ster has
overflowed once during the CF, the software can track it). |If,
however, the CF is lengthy or the acceleration on the vehicle is
great (ascent), the software is ignorant of how nany overfl ows

t he hardware has experienced. For this reason, we desel ect COW
faulted IMJ s, since the initial DV error between the actual
hardware and the software registers could be quite |arge.

This nmodul e al so perforns an overlimt test to detect velocity
channel failures. |f the DV neasured exceeds 4.8g, the software
sets a flag to be used by the BITE summary nodule. The nodule is
executed at 6.25 Hz for major nodes 103 (pre-MECO, 601, 602,

603, 304, and 305. It is executed at 1.04 Hz for all other major
nodes.

6.2.2.2.2 Accel eronmeter Pul se Conpensati on (GvH_ACP_COW)

The pul se conpensation nodule filters and snooths velocity inputs
fromthe accel erometer processing nodule for calibration
applications, but nore inportantly for flight applications, this
nodul e conpensat es for neasured accel eroneter errors such as

bi as, scale factor, and misalignnent. This nodule is executed at
the sanme rate as the accel eroneter processing nodul e.
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6.2.2.2.3 Accel eroneter pul se transfornmati on (GVL_ACP_TRSF)

During calibrations, this nodule transforns the sensed velocity
from|MJ coordinates to north, west, up coordinates and subtracts
out the local gravity fromthe vertical conponent. During flight
nodes, this nodule transfornms the sensed velocity from | MJ

coordi nates to Mean of 1950 (Mb0) coordinates. The nodul e al so
perforns a velocity underlinmt test to detect the three-axis fai
to null type of failure.

In the flight node, the software uses the reference to stable
nmenber matrices (REFSMVATS) to acconplish the transformation to
t he MbO coordi nate frane.

AV = [TCL 1" AV
where i =1MJ1, 2, or 3

The underlimt test is perfornmed by first formng a normalized
accel eration for each | MJ.

(2 (22

If Ay > 1.93 ft/sec? for one or nore IMJs and Ay < 1.61 ft/sec?
for one and only one IMJ, then the software sets a velocity
underlimt fail flag for that IMJ that has Ay < 1.61 ft/sec?.

The flag is used by the BI TE SUM nodul e which is discussed |ater
inthis report.

6.2.3 Power and G oundi ng

The sole source of primary input power to the HAINS is 28 Vdc
power which is provided at the HAINS J1 connector.

This section summarizes the input power and groundi ng

requi rements and indicates the DC and AC voltage excitations that
are generated fromthe primary input power and the schene used to
i solate the three types of grounds that are used.

6.2.3.1 | nput power.

The only power to the HAINS is 28 Vdc power fromthe Orbiter
Each IMJ is redundantly powered fromtwo main dc buses via an
associ ated renote power controller (RPC) in accordance with the
requirement in Table 6-VII
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Nomi nal vol tage +28 Vdc
Maxi mum vol t age +32 Vdc
M ni num vol t age +24 Vdc
Peak current 10.0 anps at 28 Vdc with

start-up transients that
do not exceed 12.5
anperes for 100

TABLE 6-VII1I, POANER REQUI REMENTS

6.2.3.2 Cenerated dc Vol tage

The HAINS has its own sel f-contai ned power supplies that
generate, using the Orbiter’s 28 Vdc voltage input, the DC and AC
vol tages required to operate the HAINS.

When +28 Vdc is supplied to the HAINS with the Operate Mde
discrete low (off), it is filtered and used to excite the

pl atform and el ectronics tenperature control circuits and
associ ated BITE discretes. The HAINS is then in its VWrm
up/ St andby Mode. During this node, the Isolated +5 Vdc is
generated in the IPC card, and is used to energize the HAINS
di scretes.

The Operate Mode discrete is sent to the HAINS (with +28Vdc still
applied). This discrete turns on the |IPC +28Vdc swi tched power
supply which provides input power to the DC/DC circuit card.

Upon receipt of the +28 Vdc switched power fromthe I PC card, the
DC/DC card issues a logic reset signal. This signal is held |ow
for a nominal tinme of two seconds. This period of tinme is to

all ow the DO/ DC card output voltage to stabilize. Renoval of the
| ogi c reset signal (goes high) synchronizes all HAINS | ogic
functions. Table 6-1X lists the generated voltage outputs of the
| PC and DC/ DC Cards.

CIRCU T CARD VOLTAGE TOLERANCE
| PC + 28 Vdc SW TCHED N A
+ 5 Vdc | SOLATED +/ - 5%
7V, 400 Hz VOLTAGE +/- 5%
FREQUENCY +/- 0.06%
DC/ DC + 5 Vdc +/ - 2%
+/- 15 Vdc +/ - 1%
- 15 Vdc + - 1%
+ 19 Vdc +/- 5%
- 19 Vdc +/ - 5%
G\6 8V, 19.2 KHz VOLTAGE +/- 5%
FREQUENCY +/- 0.02%

TABLE 6-1X, HAINS GENERATED QUTPUT VOLTACES
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6.2.3.3 Power Consunption

War m up/ St andby Mode

During the initial warmup period, when the HAINS is in the

St andby node and the input voltage is 28 Vdc with the anbient
tenperature at plus 35 degrees F, peak power consunption does not
exceed 260 watts. Once tenperature stabilization has been

achi eved the average power consunption does not exceed 75 watts.

Oper at e Mode

In the operate node (after stabilizing), the average power
consunpti on does not exceed 200 watts and peak power transients
do not exceed 280 watts. Table 6-X is a summary of typical input
power requirenments in the various nodes of operation.

HAI NS MODE +28 VDC ORBI TER PONER, WATTS
TYPI CAL MAXI MUM

STANDBY 35 260

OPERATE MODE 150 280

TABLE 6-X, POANER CONSUMPTI ON

Power I nterruption

Loss of input power does not cause damage to the HAINS. The
HAI NS powers down if the input voltage falls below the | ow
vol tage nornal power transients.

6.2.3.4 Groundi ng Requi renents

The HAINS uses the followi ng four types of grounds:

| nput power ground (+28 Vdc | ow)

5V Isolated return (unipoint ground/signal ground)
28V filtered | ow

Chassi s ground

O O0OO0O0

These grounds are isolated fromone another in the HAINS.
Separate | nput Power Ground and chassis ground connections to the
HAINS are made via the external J1 Power Connector. External 5V
I sol ated Return connections are nade at operational connector J2
(digital discrete) and test connectors. |nput power ground, 5V

I solated Return, and Chassis ground are tied together external to
the HAINS in the Obiter.

| nput Power Ground - The | nput power ground (+28 Vdc low) is used
as the return to the Orbiter of the +28 Vdc power. It is used to
convey |nput power to the Input Power Conditioner (IPC) circuit
card via an EM filter.

5 Vdc |Isolated Return (Unipoint Gound/ Signal Gound) - This
ground is the return for the +5 Vdc |sol ated Power supply | ocated
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on the IPCcircuit card. It is a HAINS requirenent that al

hardwi red di scretes issued by the HAINS nust be referenced to the
5V | sol ated Low (Uni point Gound/ Signal Gound). |In order to

acconplish this, Light Emtting D odes (LED s) have been nopunted
on the PE No. 2 and IPC circuit cards. The internal (HAINS unit)
side of each LED is referenced to 28 Vdc Filtered Low while the
external (GPC) side of each LED is referenced to the +5 Vdc
Isolated return. The output circuit utilizes the +5 Vdc |sol ated
power and the LED s optical coupling provides the required

i sol ati on.

28 Vdc Filtered Low - The 28 Vdc Filtered Low is the genera
system ground for nost internal HAINS power supplies and signals.
The 28 Vdc Filtered Lowis connected to the | nput Power G ound
through a filter on the IPC card and an EM filter. The 28 Vdc
Filtered Low does not conme out through any of the HAINS
operational connectors, and it can only be accessed via the
external test connectors.

The central point of convergence (distribution) of the 28 Vdc
Filtered Lowis located in the wire-wap pinfield of the D DC
circuit card. The distribution of the various signal s/voltages,
plus the circuit card design of the individual |ocal circuits
(e.g., circuit cards) mnimzes undesirable voltages due to
conmon ground coupl i ng.

Chassis G ound - The chassis ground is basically used to:

0 G ound the various franmes of the HAINS equi prent (wth
one exception),

o] Ground the spare pins on all (6) external HAINS
connect ors.

The one exception referred to above is in the Inertial Platform
In this unit, inwmard fromthe isolated side of the platform

i solators, the frame (including all platformginbals) is
connected to +28 V Filtered Low. The +5 Vdc |sol ated power
supply used to generate discrete outputs in the Warm up/ St andby
and Operate Mddes is referenced to Orbiter signal ground.

6.2.4 System Cool i ng and Tenperature Control
6.2.4.1 Cooling Ar

The HAINS is designed to neet its performance requirenments over
the specified environments with cooling air neeting the
requi rements of Table 6-Xl
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Pressure drop range (in. of H20 1.70 to 2.20

Nom nal air flowrate (Ib/mn.) 0.8 to 14.7 PSIA
Mnimuminlet air tenperature +35 F

Maxi muminlet air tenperature +90 F

Maxi mum exhaust air tenperature +150 F

Surroundi ng air pressure 8 to 18 PSIA

Air cleanliness |evel Visibly clean per MA0110- 301

Emer gency conditions
Surroundi ngs air pressure
Mnimumair flowrate (Ib/mn.)

8 PSIA
0.48 at 80 deg F maxi mum

TABLE 6- XI,

This cooling air is required for

of the HAINS. The cooling air
HAINS are standard 1.5 inch fittings with an externa
the air hoses.

COOLI NG Al R REQUI REMENTS

bot h ground and flight operation
inlet and outlet fittings for the

bead for

The HAINS is cooled by forced air as indicated in Figure 6-19.

Air is drawn through the inlet port

hand side of the aft end of the | MJ.
interference is provided by a honeyconmb EM filter
is drawn through this port and then through
Each circuit card has an air plenum (Figure 6-
the card either by an

port. Cooling air
the card stack.
20) through which air flows to coo

alum num fin heat exchanger or a heat transfer

| ocat ed on the upper

ri ght
Protection from EM
inside this

pl ane. The exit

air fromthe card stack plenumis drawn out of the HAINS | MJ

t hrough the outlet port

regul ates the anmount of
The hi gher the tenperature,
provided to the platform
drawn out through a flexible air
to the exit air plenum
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Cooling air is required by the HAINS to ensure that the therma
control systens for the inertial conponents of the stable el enent
can properly regulate the tenperatures of these conponents. At
anbi ent tenperatures between +90 degrees F and +125 degrees F and
with the cooling air at its high tenperature extrene (+90 degrees
F), sone degradation in perfornmance nay occur, but there is no
danger to the HAINS

The HAINS warmup tine is primarily a function of the cooling
tenperature and flow rate.

If cooling air is |lost, power to the HAINS nust be renoved within
10 minutes to prevent damage to it. The KT_70 IMJ was able to
tolerate up to 45 minutes without cooling before risking hardware
damage. It is a concern that during critical nission phases
(e.g. ascent) the crew nmay not reconfigure a failed fan before

ri sking damage to the HAINS. This topic was discussed at the On-
Obit Flight Techni ques Panel neeting #122 in 1991. The
following table (Table 6-XI1) fromthis techni que neeting
illustrated how the hottest cards are towards the front of the

I MU.

Resi stor # PE1 PE2 G5 | DODC | AAD VEM CPU I/0 MUX | PC

193-195 125 128 | 131 134 134 | 135 135 [ 135 | 134 | 134
(400- 401) *

1?20597 127 | 126 | 127 | 128 | 128 | 131 | 131 | 132 | 132 | 132

198- 203 116 119 | 121 123 124 | 128 | 128 | 130 | 132 | 134
(403- 407)

204- 209 118 120 | 122 123 126 | 132 132 | 134 | 137 | 139
(408- 411)

2(12-13)11 135 | 125 | 127 | 129 | 130 | 136 | 136 | 138 | 139 | 139

212-214 127 | 129 | 130 | 131 | 131 | 137 | 137 | 137 | 137 | 137
(413-414)

215-217 127 129 | 129 133 132 | 134 | 134 | 136 | 136 | 136
(415- 416)

218- 220 126 128 | 128 133 133 | 134 | 134 | 135 | 135 | 135
(417- 419)

*for A/D and MEM car ds

Table 6-XI1  Tenperature Al ong Card Frane
(Boundary Conditions - from System Anal ysi s)

Further testing showed that the naxi numjunction tenperature of
125 degrees C was exceeded at conponent UlO between 9 and 10
mnutes following the loss of cooling (90 degrees F, steady
state with 0.014 Ib/mn). UlO is a critical mcro circuit which
control the tinmng associated with the MJX transnit/receive
functions. In other words, ULO control the transm ssion and
reception of commands to and fromthe GPC. The ULO failure wll
first result in a conmmfault which indicates that the flight
conmput er operating system (FCOS) coul d not successfully update
the HAINS. A few seconds after the commfault, one or nore of the
foll owi ng BI TES nmay be annunci at ed:
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MJX Fai |
Transm ssion Wrd 1 Fail
Transm ssion Wrd 2 Fail

Utimtely, the HAINS will be desel ected by redundancy nanagenent
(RM. And the IMJ will be unrecoverable.

6.2.4.2 Envi ronnent al Condi ti ons

The HAINS i s capable of neeting the operational perfornance
requi renments specified herein during and after exposure to
conditions in Table 6-XI11.

Tenperature | M nimum | +15 deg F Conmpl i ance with operational
per f ormance requirenents
between +35 deg F to +90 deg

F
Maxi mum | +125 deg F
Pressure M nimum | 12. 36 psia Cont i nuous
10. 2 psia (30% OG,) for 165 hours with

+90 deg F naxi num cool i ng
air flowing at a mni num
rate of 0.54 |bs/mn.

8.0 psia For 3 hours (rate of change
of pressure will not exceed
9.0 psia/mn)

Maxi mum | 18 psi a

Hum dity M nimum | 8% Rel ati ve
Maxi mum | 100%Rel ati ve

TABLE 6-XI'11, OPERATI ONAL ENVI RONMENTAL CAPABI LI TY

6.2.4.3 Tenmperature Control Circuitry

The purpose of the tenperature control circuitry is to maintain a
constant tenperature within the platform gyroscopes and

accel eroneters. There are three separate Tenperature Control
Amplifiers (TCA's) in the external platformelectronics (PE2)

whi ch maintain the constant operational anbient tenperature. The
platformis separated into three independent thermal zones
containing its conpl enent of heaters and sensors. An overall
view of the control circuitry is provided in Figure 6-21.
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Figure 6 - 21. - Three-Channel TCA.

G nbal Tenperature Control Anplifier

The ginbal TCAis in the outernpst zone and consists of contro
circuitry on the PE No. 2 card, a tenperature sensor (thermstor)
| ocated on the inner roll ginbal, and 14 heaters distributed

t hroughout the platform It is the tenperature sensor on the

I nner Roll ginbal which provides the error signal for the contro
el ectronics. There are 5 heaters on the Inner Roll ginbal, 3 on
the Pitch ginbal, 4 on the Quter Roll ginmbal, and 2 on the seal ed
housing. There are also two thernostatic sw tches which protect
the platformin case of over-tenperature.

Vertical Tenperature Control Amplifier

The vertical TCAis in the first of the two inner zones and
consists of control circuitry on the PE No. 2 card and a
tenperature sensor on the Vertical gyro. In addition, the
Vertical TCA contains the heaters for the upper cluster, the
Vertical gyro, and also the X and Y accel eroneters.

Azi muth Tenperature Control Anplifier

The Azinmuth TCA is in the second inner zone and consists of
control circuitry on the PE No. 2 card, 2 heaters on the Azinuth
gyro, a heater on the Z acceleroneter, 2 heaters on the cluster,
and a thernistor on the Azinmuth gyro, which provides an error
signal for the control circuitry.
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Qperation of the TCA's

The TCA pul se width nodul ates the current to the heaters. The

| ower the tenperature, the higher the ratio of current OV OFF
time. At tenperatures below the threshold, the control circuitry
will send continuous current to the heaters until the operating
tenperature is reached. Two discretes, Platform Tenperature
Ready and Pl atform Tenperature Safe, are generated by the TCA
circuitry. These discretes are described in detail |ater.

Al three thermal zones are protected from TCA nal functi ons by
safety thernostats. These thernostats are binetal, snap-action
thermal switches that open upon tenperature rise. There are five
such safety thernostats. See Table 6-XIV for thernostat platform
| ocati ons.

Ther nost at Location on Platform

S5, 150 5 deg F on the platformhousing in series with
its heaters

S4, 163 +12, -8 deg F on the pitch ginbal in series with the
outer roll, pitch & inner roll heaters

S3, 174 +8 deg F on the lower platformsupport in
series with the azimuth gyro, z
accel eroneter & | ower support heaters

S1, 174 +8 deg F on the upper support in series with a
vertical gyro, X & Y accel eroneter
upper support heater circuit

S2, 174 #8 deg F on the upper support in series with a
vertical gyro, X & Y accel eroneter
upper support heater circuit

TABLE 6- XI'V, SAFETY THERMOSTATS PLATFCRM LOCATI ON

6.2.5 El ectroni cs and C ocks
6.2.5.1 El ectrical Interface

The external operational interface between the HAINS and ot her
aircraft avionics equipment is through three connectors (11, 12,
13) located on the front Panel of the HAINS housing. Three test
connectors (14, 15, 16) are provided on the front panel of the
HAI'NS, but are not used operationally.

6.2.5.2 Pl at f orm El ectronics

The platformel ectronics, which is nmounted on the azinuth gi nba
along with the inertial conponents, contains four gyro
preanplifiers, three gyro quadrature spring rate conpensations
circuits, and a GYPTO el ectronics hybrid. A block diagramof the
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platformel ectronics, along with its associ ated conponents, is

shown in Figure 6-22.
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6.2.5.2.1 Preanplifiers

The preanplifiers provide voltage anplification for the gyro

pi ckof f signals and buffer networks by presenting high inpedance
loads. In the case of the X and Y channels, the inpedance | evel
of 2000 ohns is achi eved by resonating the coordinate resol ver

i nductance with capacitors.

In addition to providing the error signal for the ginbal |oops,

the Y and Z preanplifier outputs are nonitored by the BITE
detector circuits on the Platform El ectronics #1 Card.

6.2.5.2.2 Spring Rate Conpensation

A characteristic of a two-degree of freedom tuned rotor gyro is
a drift which is generated due to the nmechanical spring rate

t orque whenever a displacenent angle occurs between the shaft and
flywheel. This is held to an initially low value in the
construction of the gyro. It is reduced to a negligible value by
means of the spring rate anplifiers which feed a portion of the
pi ckoff signal back to the slewtorquers to mnimze the flywhee
di spl acenent angl e.

6.2.5.2.3 GYPTO Tor qui ng El ectronics

The GYPTO el ectronics are contained in a hybrid nodul e | ocated on
the platformcluster. Synchronized GYPTO torquing pul ses from
the platformelectronics (W, W and W) are used to switch a
precision current source to the GYPTO torquing coils. The W, W
and W control is determ ned by the operational flight program
and i ssued through output discretes to the PE1l card. The PEl
card synchroni zes these discretes to the binary 200 Hz cl ock.

The synchroni zed W, W and W outputs are then fed to the GYPTO
hybrid nodule in the platform A functional schematic is shown
in Figure 6-23. Since the issuing of the torquing conmands woul d
normal ly vary with the conmputer instruction tines and direct
nmenory access (DMVA) tinmes, a precise current waveformis

mai nt ai ned by synchroni zing the GrPTO to the 200 Hz cl ock
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6.2.5.3 Cl ocks

6.2.5.3.1 System O ocks

Several systemclocks are utilized throughout the HAINS to

provi de a synchronous tinme base for the various |ogic and control
functions. This section summarizes the various clocks and their
functi ons.

DC/ DC d ocks

A 9.83 MHz crystal oscillator and countdown circuitry on the

DC/ DC card produces 4.9 MHz, 4.9WMHz, and 1.2288 MHz pulse train
outputs. The BITE circuitry nakes a gross frequency check of the
1.2288 MHz signal.

GA5 d ocks

The GAB card receives 4.9 Mz and 4.9VHz- inputs fromthe DC/ DC
card and through countdown circuitry produces 19.2 kHz, 1.2288
MHz, and 200 Hz. The 200 Hz signal is sent to both the GYPTO
logic circuit of the PE No. 1 card and the Interrupt Controller
on the /O card. The 1.2288 MHz signhal is sent to the DAL
circuitry on the PE No. 1 card.

The 19.2 kHz is sent to the PE No. 1 and IPC circuit cards. The
PE No. 1 card, through a power anplifier stage, converts the 19.2
kHz square wave into an 8 Vrns sinusoidal signal used in the
platform The IPC card divides the 19.2 kHz clock to obtain a
400 Hz cl ock and subsequently produces the 7 Vrns resol ver
excitation signal utilized by the platformand A/D circuit card.

The 4.9 MHz signal is also passed through a programmabl e di vi der
whi ch provides 1.875 Hz and 4.8 kHz for the sequencer circuit on
the PE No. 1 card. The 1.875 Hz signal is also sent to the CPU
wat chdog tiner on the CPU card. The countdown circuitry al so
,provides the PE No. 1 card with 120 Hz.

CPU d ocks

A 20 MHz crystal on the CPU card provides the input for the CPU s
timng, clock, and control circuitry. The CPU al so produces the
5 MHz signal used on the I/0O card.

MUX O ocks

The 16 MHz cl ock provides timng for the MUX circuitry. In

addi tion, through countdown circuitry, it provides an 8 MLz
signal for the AAD card’'s timng and control logic circuitry and
5a 2 MHz signal for the I/Ocard s control |ogic.

6.2.6 H W Physi cal Ali gnnent

The mechani cal design of HAINS enables it to be interchangeably
mounted with KT-70 I|MJ s on the Navigation Base of an Orbiter.
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6.2.6.1 Mount i ng

The mechani cal alignnent of the housing to the Navigation Base is
obtai ned by a precision fit between 6 nmounting surfaces on its
housi ng and 6 nounting surfaces on the Navi gati on Base.

Two specially designed nounting feet are used at the fore end of
the HAINS to prevent possible bowing of its structure that could
occur if a tenperature differential occurs between the HAI NS
nounting feet and the mati ng Navi gati on Base (which have
different thernmal coefficients of expansion). The speci al
nmounting feet allow translation expansion or contraction of the
HAINS rel ative to the Navigation Base.

6.2.6.2 Mounting Alignnment Repeatability

The mechani cal nounting design is able to maintain the alignnent
of the HAINS housing to the Navigation Base to within 20 arc-sec
(1 signa), when subjected to 125 installation cycles, 75 with the
Navi gati on Base horizontal and 50 with the Navi gati on Base
vertical .

6.2.6.3 Har dware Alignnents

HAINS Housing to Orbiter Alignnent:
The HAINS fore axis is aligned so that it is pitched down 10.6
degrees below the roll axis of the Obiter.

| MJ Housing to Navigati on Base Alignnent:

The HAI'NS housi ng reference axes are aligned to a set of

Navi gati on Base reference axes, as defined by the Navigati on Base
mati ng surfaces, to within 20 arc-seconds (1 sigm) by neans of
the I MJ nounting pad design. This alignnent is exclusive of any
m sal i gnnent in the Navigation Base.

Al i gnnment Accuracy:

Tabl e 6- XV summari zes the accuracy for paraneters whose

m sal i gnnents are calibrated. The calibrated values are inserted
into the HAINS Non-Vol ati| e EEPROM nenory.
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G nbal Angle Resolver Alignnent:

G nbal angles are defined equal to zero when the ginbals are
aligned with their rotational axes nutually orthogonal and
individually parallel to a right-handed orthogonal set of HAINS
base reference axes, defined by the nounting surfaces of the
HAI NS case (See Fig. 6-24). Al ginbal resolvers are
electrically zeroed at the above orientation.

PARAVETER RANGE ONE- ST GVA
( ARCSEQ)
M SALI GNMENT OF GYRO AXES RELATI VE TO +/ - 3600 ARCSEC 60
STABLE MEMBER AXES
M SALI GNMENT OF ACCELEROMETER AXES 90 DEG +/- 10 10
RELATI VE TO STABLE MEMBER AXES M LLI - RADI ANS
d MBAL ANGLE RESCOLVER OFFSETS
QUTER ROLL, RRO 0 deg +/- 700 34
PI TCH, PO ARCSEC 31
I NNER ROLL, I RO 0 deg +/ - 600 35
AZI MUTH, AZO ARCSEC 30
0 deg +/- 500
ARCSEC
0 deg +/- 600
ARCSEC
M SALI GNMENT OF OUTER ROLL G MBAL AXI S
TO | MU BASE
ABOUT Y BASE AXI'S, RGPO 0 deg +/- 300 36
ABQOUT Z BASE AXI S, RGAP ARCSEC 35
0 deg +/- 400
ARCSEC
NONORTHOGONALI TY BETWEEN PI TCH AND
QUTER ROLL G MBAL AXES, DP 90 deg +/- 200 15
ARCSEC

TABLE 6- XV, HARDWARE ALI GNMENT ACCURACY

Accel eroneter Alignnent:

The acceleroneter triad is aligned so that X, Y, Z sense axes are
nomnally aligned to the respective X, Y, Z stable nenber axes.
The following is a definition of the nom nal stable nenber axes
and their relationship to the platform gi nbal axes which are al so
defined (refer to Fig. 6-24):

The X ginbal axis and the X stable nenber axis are parallel to

t he navigation base X (roll) axis at the zero degree gi nba
reference (vehicle horizontal), with positive X forward and
positive ginbal angles defined in the sense of a right-handed
rotation of the HAINS case, relative to the stable nenber, about
the positive X axis. The Y ginbal axis and the Y stable nmenber
are parallel to the navigation base Y (pitch) axis at the zero
degree ginbal reference, with positive Y to the right when facing
forward and positive ginbal angles defined in the sense of a

ri ght-handed rotation of the HAINS case, relative to the stable
menber, about the positive Y axis. The Z ginbal axis and the Z
stabl e nenber axis are parallel to the navigation base Z (yaw)
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axis at the zero degree ginbal reference with positive Z downward
and positive ginbal angles defined in the sense of a right-handed
rotation of the HAINS case, with respect to the stable nenber,
about the positive Z axis. The redundant ginbal axis, at the
zero degree ginbal reference, is in the sane direction as the
outer X ginbal axis, with positive ginbal angles in the sane
sense as those of the outer axis.

The Z stable nenber axis lies along the azinuth ginbal axis of
rotation. The X stable nenber axis is perpendicular to the Z
axis and lies in the plane defined by the Z axis and the X

accel eroneter input axis. The Y stable nmenber axis conpl etes an
orthogonal right-handed set. Wth resolvers zeroed, the stable
menber axes are nominally parallel to the | MJ base reference
axes.
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AZI MUTH
AXI' S
Pl TCH
ROLL AXI'S
AXI S -

NOTES

1.

2.

3.

OUTER AND | NNER
+ ROLL

Shown in O, 0, O position Zs
Xs, Yg, and Zg are NAV Base Axes.

Yo, and Zc are |Inertial CLUSTER Axes.

. Xsw Yxw and Zgy are STABLE menber Axes.

. Aclinbing right turn yields increasing G MBAL angl es.

R is the Redundant Gyro Axis.

. Assunes no nisalignnent of Inertial Conponents.

FI GURE 6-24, | MJ AXIS DEFI N TI ON
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6.3 OPS MODES

The | MJ has two basic nbdes of operation, the standby nobde and
the operate node. |In the standby node, the IMJis powered, but
inertial functions are not active. In the operate node, the | MJ

is used in a variety of applications. Wile in the operate node,
the IMJis inertial and is used for calibrations, preflight
alignment, flight, and on-orbit alignnent.

Tabl e 6- XVl defines the logic settings for each of the HAINS
operating nodes. Each of the indicated nodes of HAI NS operation,
including mssion related details are described in the subsequent
sections.

VEH CLE POAER * ACCELEROVETER
+28VDC OPERATE MODE GAIN (VELOCI TY)
MCDE VEH CLE POAER | DI SCRETE | NPUT SCALE FACTOR
I NPUT SETTI NG
OFF 0 0 -
WARMUP/ STANDBY | 1 0 -
OPERATE 1 1 0or 1
CALI BRATE 1 1 0Oor 1

*Provided by bit 4 of Serial Data |nput Wrd No. 2

+28 Vdc & OPERATE Mbde Command Di screte Logic:
1 presence of input
0 absence of input

Accel erometer Gin (Velocity) Logic:
1 H scal e factor
0 LO scal e factor (flight node)

TABLE 6-XVlI, MODE OF OPERATION LOGQ C

6.3.1 O f Mde

In this node no vehicle power is supplied to the HAINS. Wthin
environnental constraints, the unit can be in this node both on
the ground and during any of the m ssion phases w thout harm

6.3.2 WARM UP/ STANDBY Mbde

This node is entered when +28 Vdc vehicle bus power is externally
switched into the HAINS with no OPERATE node command di screte
present. Under this condition, the vehicle bus power is used to
directly energize individual Tenperature Control Anplifier's
(TCA) that automatically control power to each of three platform
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heaters; the azimuth and vertical gyro heaters, and gi nbal
heat er .

Tenperature sensors (thermi stors) are nounted at control points
within the platformto generate signals that conmand each TCA to
suppl y heat as needed.

The HAINS is capable of remaining in the STANDBY node and

mai ntai ning thermal stability for a mninumof 170 hours per
flight. The maximumwarmup tinme of the HAINS is as given in
Tabl e 6-XVII.

AVBI ENT CABI N I NLET AIR LI NE
VWARM UP TI ME TEMPERATURE TEMPERATURE VOLTAGE
50 m nutes 75 deg F 75 deg F 28 Vvdc
(max)
120 mi nutes 35 deg F 35 deg F 28 Vdc
(max)
TABLE 6-XVII, WARM UP TI MES

The vertical gyro and azimuth gyro tenperatures are nonitored by
the TCA circuitry. Wen the tenperature of the vertical gyro
exceeds 146.5 degrees F plus or minus 3 degrees F and when the
tenperature of the Azinmuth gyro exceeds 150 degrees F plus or

m nus 3 degrees F, the Platform Tenperature Ready discrete is set
toits true state.

This discrete is sent to the GPC to announce that the cluster is
near its operating tenperature. The OPERATE node comand can now
be issued to the HAINS in order to put it in its I N OPERATE node.

The vertical gyro tenperature is nonitored for a safe tenperature
condition. The Platform Tenperature Safe discrete is issued in
its true state when the vertical gyro tenperature is below 156.5
degrees F plus or mnus 3 degrees F.

These discretes provide a BITE function by providing a positive
indication that the HAINS thermal control systens are properly
functioning. This is particularly inportant if the HAINS is to
be kept in its WARM UP/ STANDBY node for several or nore hours
such as m ght occur on the launch pad or while in Obit. |If

t hese discretes were not provided and the thermal contro
circuitry failed to deliver power to the platformheaters, there
woul d be no indication of trouble in the WARM UP/ STANDBY node.

After the Platform Tenperature Ready di screte has been issued,
the HAINS is in its STANDBY node. The HAINS is capabl e of

remai ning in the STANDBY node and nmmintaining thermal stability
for a mininmumof 170 hours of flight.

NOTE: The CAPRI Tenperature Ready and CAPRI Tenperature Safe
di scretes used on the KT-70 | MJ are not used in the HAINS | MJ
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These discretes are set to their true state upon application of
28 vdc power. The GPC then recogni zes these discretes as being
in an operational state upon application of 28 Vdc power.

6.3.3 Start-up Sequence

Figure 6-25 indicates the autonatic start-up sequence that takes
place within the HAINS. A sequencer on the PE No. 1 Card of the
HAI' NS provides the required start-up sequence discretes. These

di scretes provide the required start-up switching action such as
commandi ng the cage subnode, individually starting up each two-

axi s GYROFLEX gyro, and appropriately setting the gains in each

gi nbal isolation |oop. Selected discretes are transnmitted to the
GPC via Qutput Wrd No. 1

In the cage subnode, each of the four ginbals is caged to the
null of the sine winding of its respective readout resolver.

The HAINS start-up sequence is conpl eted approximately 85. 4
seconds after issuance of the Logic Reset (LR) discrete. The
pitch and outer roll ginbals are caged at 13.0 sec followi ng LR
while azinuth and inner roll are caged at 14.9 sec followi ng LR
Signals fromthe Mdde Control Logic Circuitry are used to put the
network into the cage |l oop configuration. The caging commuand
signal is derived fromthe pertinent SINE or CCSINE w ndi ng of
the 1X resolver and is fed into the cagi ng denodul ator that is
referenced to 7V, 400 Hz. The signal travels through the network
whose output is used to drive the ginbal torquers. The ginbals
are then positioned at their readout resolver nulls and the

gi mbal loops are inertially controlled by the gyros. Zero
torquing rates are applied to the gyros at this tine. Figure 6-
26 shows the start-up sequence tining for special EEPROM Wite
programentry and validity of digital data output.
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VARMUP STANDBY 46/2007 FI NAL, PCN-_1 OPERATE  MODE SB—6-0
QEwme  96dSTACEY Y
i LOE C RESET
—— '
— ) TOGCRESET
—
D6
—
D7 - N
—
D2
g
D3
—>
> D5
—>
D9 —
D10
—p
D11
|
0 1 o T3l Tslgls Tglg Tio T2 12 EENLEY
* QUTPUT WORD NO. 1 BITS 15-19
TI ME TO OPERATE MODE ~ 85.4 sec
NOTES:
1 87.2 SEC DELAY OF OPERATE MODE. TURN ON | F 28 Vvdc POVZER OR
OPERATE MODE DI SCRETE 1S | NTERRUPTED PER NOTE 2.
2 THE ABSENCE OF THE OPER MODE DSC FOR A PERRCD IN > 1 SEC MN. TO
15 SEC MAX VWH LE +28 Vdc | S APPLI ED, WLL CAUSE THE | MJ TO GO | NTO
THE WARMUP/ STANDBY MCDE.
3 COOLING AIR TEMP: 435 DEGF < T < +90 DEG F
AVBIENT AAR TEMP: 0 DEGF < T < 120 DEG F
4 AFTER PLAT TEMP RDY DSC IS ISSUED THE | MJ IS I N STANDBY MODE.
5 THERE IS A 100 MSEC MAX TI VE DI FFERENCE BETWEEN OPERATE MODE
DI SCRETE AND THE START OF LOE C RESET.
6 WARMUP TI ME AND Tl ME OF | SSUANCE OF PLAT AND TEMP RDY DSC s IS

TEMPERATURE DEPENDENT AND W LL BE ACH EVED W THI N THE MAXI MUM
TI MES | NDI CATED BELOW AT SPECI FI C TEMP AND AT 28 Vdc | NPUT PONER:

NAX TI VE AVBI ENT TEMP NLET AIR TEWP
(M NUTES) (DEG F) (DEG F)

50 75 75

120 35 35

FI GURE 6-25, | MJ START-UP SEQUENCE TI M NG
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TI ME RANG | DURATI O | SEQUENCE COVMENTS
N
T, to T, | 6 NOIE 6 VARVOP
T, to T, SET BY PLATFORM TEMP SAFE DI SCRETE
USER PLATFORM TEMP READY DI SCRETE
T, to T, 2'(‘&/A>%)EC [OG C RESET | RECEI VE OPERATE MODE COVMAND FROM GPC
T, to T, | 6.5 SEC | LOGC RESET | APPLY 60 Hz BRAKI NG TO VERT GYRO
T, to Ts | 6.5 SEC REMOVE VERT GYRO BRAKI NG APPLY 60 Fz BRAKI NG
TO AZ
T; to Ts | 1.9 SEC D6 REMOVE AZ GYRO BRAKI NG CAGE PITCH AND OUTER
ROLL G MBALS.
Ts to T, | 1.7 SEC D7 CAGE TNNER ROLL AND AZI MUTH G MBALS.
T, to Tg | 4.7 SEC DL START VERTI CAL GYRO WHEEL AT 240 Hz.
Ts to T, | 4.3 SEC D2 CLOSE PITCH AND TNNER ROLL G MBALS TN LOW GAI N
| SOLATI ON MODE.  CLOSE QUTER ROLL G MBAL LOCP.
ACTI VATE EPA BITE. *
To to T | 2.1 SEC D3 SWTCH PI TCH AND TNNER ROLL G MBALS TO HI GH
GAI N | SOLATI ON MODE.  SW TCH VERT GYRO WAHEEL
EXCI TATI ON TO APPROX. 530 Hz. START AZI MUTH
GYRO WHEEL AT 240 Hz.
T tOo T1. | 4.3 SEC D4 CLOSE AZI MUTH G MBAL LOOP TN LOW GAI N
| SOLATI ON MODE.  SW TCH AZI MUTH GYRO WHEEL
EXCI TATI ON TO APPROX. 530 Hz.
Tu to Ti 17. 1 D5 SWTCH AZ LOOP TO HI GN GATN T SOLATI ON MODE.
SEC CLOSE REDUNDANT GYRO AXI'S LOOP.  SW TCH X SLEW
TORQUER DRI VE FROM THE YGYPA NUTATI ON DAMPER
TO THE SLEW SW TCH HYBRI D. ENABLE THE SLEW
SW TCH HYBRI D TO RESPOND TO S/ W SLEW AND GYPTO
CMDS.  ACTI VATE G MBAL LOOP BITE. *
T, tOo Tis 32.0 D9 START GYRO WHEEL SPEED LOCK- I N SEQUENCE.
SEC SW TCH Z SLEW TORQUER DRI VE FROM THE RGYPA
NUTATI ON DAMPER TO THE SLEW SW TCH HYBRI D.
Tz tO0 Tiu. | 4.3 SEC D10 ENABLE PI TCH SW TCH CI RCUI T
Tia 1O OPER DIl ACTI VATE G/6 BI TE AND 1 SSUE THE I N OPERATE
MODE DSC
FI GURE 6-25, | MJ START- UP SEQUENCE TI M NG ( CONTI NUED)
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A

< 2.

D E

B C
4+—2. O(——L——+< 2.
100
| I I I |
| |

q

| MJ DATA
QUT VALI D

A 4

I
1 2

o0 w>
— = -
O000>
moOw@
oo n

TI ME ( SEQ)

RECEI VE OPERATE MODE DI SCRETE.
100M5 | MJ POAER STABI LI ZATI ON.
2.0 SEC LOGE C RESET, DATA QUT UNAVAI LABE.
DATA OUT UNCERTAI N.

“PRESET” DATA QUT.

CPU DETERM NES | F SPECI AL EEPROM
VWRI TE PROGRAM ENTRY DESIRED. I F
DESI RED, ENTERS SPECI AL PROGRAM
CPU LOCKOUTS ENTRY TO SPECI AL
EEPROM VWRI TE PROGRAM

SOFTWARE | NI Tl ALI ZATI ON COVPLETE.
DATA OQUT VALI D.

PRESET DATA OUT

*QUTPUT WORD#1: Bl TE/ STATUS WORD
BIT # DESCRI PTI ON LOG C STATE
4 HAI NS GOCD HI
5 6, 7, 8 9, 10
11, 12, 13, 14 FAIL BITS LO
15, 16, 17, 18, 19 SEQUENCER BI TS HI
* QUTPUT WORDS #2 TO #14: ALL BITS ARE SET TO LO

FI GURE 6- 26,
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6.3.4 Qperate/ Cal i brate Mde

There is no functional difference in the operation of the HAINS
in the OPERATE and CALI BRATE nodes. It is the test/vehicle
conmputer prograns that differentiate between these nodes.
Therefore, insofar as the HAINS operation is concerned, the
OPERATE and CALI BRATE nodes are consi dered one node called the
OPERATE/ CALI BRATE node. A description of this node foll ows:
Entrance - To enter, the HAINS OPERATE/ CALI BRATE npde fromt he
WARM UP/ STANDBY node, the HAINS recei ves an OPERATE node comand
di screte fromthe Conputer (via the MDM This enabl es +28 Vdc bus
power to reach the inputs of the power supplies.

Wthin 2.1 seconds nmaxi num after recei pt of the OPERATE node
command di screte, all of the HAINS DC and AC vol tages have been
generated and a Logic Reset (LR) discrete is then internally
issued within the HAINS to initialize the HAINS circuitry

After achieving the operate node, the I MJissues an in operate
node discrete to the GPC. The IMJis nowinertial and can be
used for calibration, alignnent, or other inertial uses on the
ground or in flight. There is no difference in the status of the
| MU hardware for any inertial application. The GPC s control the
I MJ to acconplish different tasks.

6.3.4.1 HAI NS Cal i brati on and Acceptance Test

Through systemlevel testing of the HAINS, calibration paraneters
can be conputed to conpensate for systemerrors. The HAINS
testing, both at the factory and while in any custoner facility,
results in the determ nation of the calibration paraneters.

These calibration paraneters along with calibration paraneters
obtai ned fromtests performed at platformlevel and card | eve
formthe basis for the values stored in EEPROM A |list of al

t he EEPROM paraneters (including calibration paranmeters) can be
found in the HAINS Techni cal Description.

Fol |l owi ng the storage of calibration paranmeters to EEPROM any
subsequent testing will result in delta conpensation; the

di fference between the whole error and the internally conpensated
val ue. These delta conpensation terns would then have to be
conpensated by the external test conputer or GPC

Prior to shipnent, each HAINS | MJ undergoes a series of tests to
determi ne the values of its calibration paraneters and to
determine if its operational capability satisfies all system
requirements as defined in the Procurement Specification.

At the conpletion of testing, the final set of calibration
paraneters is witten to a region of EEPROM for interna
conpensation in the HAINS. This enables the establishnent (with
t he exception of 3 redundant gyro scale factor terns) of a
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generic set of |-LOAD paraneters for use as input for Hangar or
Launch Pad cali brations.

Calibration and evaluation is perfornmed at conponent |evel,

during integration tests, and during the fornmal Acceptance Test
Procedure (ATP)

6.3.4.1. 1 Conponent Level Testing

Thirty paranmeters are calibrated at conmponent and card |evel, and
are witten to EEPROM for conpensation before the start of an
ATP. These paraneters are 6 acceleroneter linearity ternms, 6 DAL
tenperature breakpoints, 12 DAL tenperature slopes, and 6 DAL
tenperature scale factors.

6.3.4.1.2 Integration Tests

Prior to the start of an ATP a series of integration tests are
run. Al output signals on all connectors are neasured and
recorded. Numerous tests are perforned to check the overall
goodness of the HAINS;, for exanple, gyro nutation and gi nba
flip. A full functional test is run and a baseline set of
calibration paraneters is obtained. This is acconplished by
running Multicals (The terns Miultical and Hangar Cal refer to the
sane nultiposition calibration.), Inner Roll Tracking Cal, and
Attitude Calibration and Accuracy Tests (ACAT). During the ACAT
test resolver tracking paraneters are obtained and witten to
EEPROM for conpensation. These consist of 192 Roll axis, 192
Azimuth axis, and 97 Pitch axis paraneters.

6.3.4.1.3 Accept ance Test Procedure (ATP) Tests

The Acceptance Test Procedure that nust be run and passed on each
unit before shipnment consists of the follow ng tests.

6.3.4.1.3.1 Operational and Up Mode Test

This test nonitors changes in state of various discretes such as
I nput power, QOperate Mbde command, Serial 1/O Platform
Tenperature, and | n-QOperate Mdde and prints occurrences of each
The timng of each of the run-up discretes is checked as well as
t he gi nbal angles during the run-up sequence. Values are
conpared to linmts and pass/fail indications are printed.

6.3.4.1.3.2 Mul tical Test

This test calibrates 39 platform paraneters by positioning the
cluster to 13 different orientations with respect to a North,
West, Up reference frame with the HAINS case in one fixed
position. Gyro drift and accel eroneter neasurenents are taken at
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the various positions and a data reduction routine conbi nes the
data in a set of solution equations to determ ne the paraneters
required. The paraneters are printed along with their respective
limts and pass/fail indications are deternined and printed. This
programis run 6 tinmes during the course of the ATP, 3 tines each
at 2 case orientations. Just prior to the start of the Launchpad
Verification Sequence, the final values are witten to EEPROM for
conpensati on.

6.3.4.1.3.3 Inner Roll Tracking Calibration Test

This test calibrates the Inner Roll axis over a fine (+/- 2
degree) and course (+/- 10 degree) range. After the ginbals are
initially positioned, the Quter Roll |oop is opened via the test
console and the Inner Roll axis is noved in quarter of a degree
i ncrements through the fine range and one degree increnents

t hrough the course range. Data is taken and stored at each
point. At the end of the test, a data reduction routine is

i nvoked and 17 fine and 21 course calibration paraneters are
printed along with their respective lints and a correspondi ng
pass/fail indication. These values are then witten to EEPROM
1f or conpensation during renmaining ATP tests.

6.3.4.1.3. 4 Attitude Calibration & Accuracy Test (ACAT)

In addition to the 481 tracking paraneters calibrated during
Integration testing, the ACAT program calibrates 9 additi onal
gi nbal al i gnnent paraneters.

The test is run in 3 parts, the Roll test, the Azinmuth test and
the Pitch test. Each test involves orienting the axis in
guestion to a vertical position and rotating the rotary axis of
the test table in 10 degree increnents for a 360 degree rotation
Data is recorded at each position which conpares resol ver readout
to table position. This information is used to conpute nean and
standard devi ation val ues of resolver accuracy which are
subjected to pass/fail criteria. Data is also recorded at each
point on the |l evel resolvers and the acceleroneters. At the end
of the test, a data reduction algorithmis invoked which conputes
and prints the paraneters along with their limts and respective
pass/fail indications.

This test is run 4 tinmes during the course of the ATP. At the
end of the fourth run, the 4 val ues obtai ned for each paraneter
are averaged. Just prior to the start of the Launchpad
Verification Sequence the average values are witten to EEPROM
for conpensati on.

6.3.4.1.3.5 Short Term Stability Test

The Short Term Stability Test is a performance rather than a
calibration test. The test table is oriented in the KSC
calibration position. The test then consists of positioning the
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cluster to the first 3 calibration positions. This puts each
accel eroneter up and each gyro north. In each position, 15
consecutive ten mnute estinmates of drift and accelerations are
recorded. A data reduction program conputes neans, standard
devi ations, and initial point deviations for the north gyro
drift, the up acceleration, the point to point differences, and
the redundant gyro drift. Values are conpared to respective
limts and all data, results, limts, and pass/fail indications
are printed.

6.3.4.1.3.6 G nbal Flip Test

The G nbal Flip Test is also a perfornmance test. The ACAT
programis run and the G nbal Flip option is selected. The table
and clusters are positioned so that the case is |evel and pointed
north and the Pitch axis is aligned along the rotary axis of the
table. The table is then noved to a rotary angle of 86 degrees
and tilts are estinmated and recorded. The table is then noved to
a rotary angle of 94 degrees to induce a ginbal flip and the
tilts are estimated and stored again. This procedure is repeated
until 10 sets of data are collected. The nmean and standard
deviation of the 3 tilt nmeasurenents are conmputed and the
standard deviation is conpared to a linmt. Al data, results,
l[imts, and pass/fail indications are printed.

6.3.4.1.3. 7 Envi ronnent al Tests

During the ATP, 2 types of environnental tests are run, therma
cycling and vibration.

Thermal Test

Wth the unit in the thermal chanber, a baseline set of gyro
drift data is obtained at 70 degrees F. The tenperature is
then raised to 90 degrees F and then |owered to 35 degrees F
and twelve 5 minute drift estimtes are obtai ned at each
tenperature extreme. A data reduction program conpares each
of these 24 sets of drift values (X, Y, and Z2) to the
baseline data, prints the data, the baseline, the
differences, a linmt, and the pass/fail indication for each
poi nt .

In addition to this, the ATP thernmal testing includes two
hours of operation with cooling air at 100 degrees F.

Vi bration Test

This test is run in three parts. |In each part a different
axis (X, Y, or Z) is aligned along the vibration axis of the
test table. Once an axis is aligned, tilts are estinated
(30 second estimates) until they are stable. (Three
consecutive estimates within 2 arc-seconds on all three
channel s.) The vibration is then turned on and another tilt
estimate is obtained. Finally, the vibration is turned off
and three nore tilt estimates are obtai ned.
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The last estimate before vibration is averaged with the
first point after vibration and the average is conpared to
the vibration point and a pass/fail is recorded. The

di fferences between the pre- and post-vibration data on the
| evel accel eroneter axes and the vertical resolver axis are
al so conpared to their respective linmts, and pass/fail

i ndications are recorded for these as well.

6.3.4.1.3.8 Headi ng Sensitivity Test

This test calibrates three gyro heading sensitivity drift terns,
one at each of three launch orientation skewed cluster positions.
These paraneters are witten to EEPROM at the conpl etion of the
test for conpensation during the ATP Launchpad Verification
Sequence. For each of three skew orientations, the test consists
of a series of eight, two position gyroconpass neasurenents

foll owed by an absol ute accuracy test which separate headi ng
error fromthe data. Means and standard devi ations for north,
west and up tilt error are conputed and conpared to linmits at the
end of the gyroconpass portion of the test. Data, results, and
pass/fail indications are printed. At the conpletion of the
Absol ute Accuracy portion of the test, the nean and standard

devi ati on of the heading error for the eight runs are conputed
and conpared to limts. Data, results, and pass/fail indications
are printed. Finally, the heading sensitivity drift is conputed
and pri nt ed.

6.3.4.1.3.9 Launchpad Verification Sequence

The Launchpad Verification Sequence is a test that is run to show
the HAINS neets the hold tinme criteria that is required prior to

| aunch. The sequence consists of a Gyroconpass test, a Velocity
and Tilt Initialization Test, a tuned Inertial Mde Test and an
Absol ute Accuracy Test. The test is also used to calibrate the
up axis drift paranmeter.

The test is run in three cluster skew orientations. The
Gyroconpass and Velocity and Tilt tests mathematically correct
for any tilt or heading errors. The cycle structure is then
changed to mimc inertial node operation on the vehicle and a two
hour Inertial Mbde Test is run. The tilts measured during
Velocity and Tilt and at the end of the two hour Inertial Mde
are conpared to limts and printed along with their respective
pass/fail indications. At the conpletion of the Inertial Mde
Test, the cycle structure is restored to the normal ATP nobde of
operation and the Absolute Accuracy Test is run to determ ne the
up axis drift value. The value is conpared to a limt and
printed along with a pass/fail indication.

6.3.4.1. 4 Attitude Determ nation
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The attitude deternination subnbde sets the accel eroneter | oops
to high gain and then conputes the transfornati on from navi gation
base to the present cluster in the north/west/up (NW) reference
coordinate system This transfornmation is a prerequisite for
running all subsequent options involving ground alignnment and
calibration. Therefore, it should be noted that this option nust
be executed for each I MJ every tinme that the vehicle/ navigation
base is noved or whenever the transfornmati on data may have been
destroyed in GPC nenory. The attitude deternination function
utilizes resolver and velocity data to determi ne the orientation
of the navigation base with respect to an N coordinate frane.

A gyroconpassi ng technique is used to deternine the position of
north, west, and up relative to cluster position. This, in
conjunction with the ginbal angles, is used to define the

requi red navigation base-to-NW transformation. It should be
noted that a specific cluster orientation is not required, but
generally the cluster will be near the initial caged position as
attitude deternmination will normally be perforned shortly after
run-up. The duration of this subnode is approximtely 4 nm nutes.

6.3.4.1.5 Ground Cali brations

The accuracy of the IMJis extrenely dependent on ground
calibrations of 61 | MJ paraneters. The values for these
paraneters are stored on the Orbiter GPC nass nenories and are
used in the software as conpensation for hardware inaccuracies.
Three levels of calibration (CAL) exist for the | MJ

a. Factory CAL
b. Hangar CAL
c. Preflight CAL

Table 6-XVII1 indicates which paraneters are conputed in each
type of CAL.
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Par anet er CAL | evel
Factory | Hangar |[Preflight
KTX(Y,Z) - Gyro torquer scale factor X X
DFEX(Y,Z) - Gyro drift X X X
DI X(Y,Z) - Gyro mass unbal ance drift X X
DSX(Y,2Z2), DQZ - Quadrature drift X X X
BETAXY( XZ, YX, YZ, ZX, ZY) - Gyro to X X
accel eronet er nisal i gnnent
KOX(Y, Z, XH, YH, ZH) - Low and hi gh gain X X X
accel . bias
KIX(Y, Z, XH, YH, ZH) - Low and hi gh gain X X X
accel . scale factor
DELTAXZ( YX, YZ, ZX, ZY) - Accel to accel X X
nm sal i gn.
KSX(Y, Z) - Accel eroneter asymetry X X
RRO - Quter roll offset X
RO - Inner roll offset X
PO - Pitch of fset X
AZO - Azinuth of fset X
DP - Non-orthogonal |y between pitch and X
outer roll ginbal
RGAO - M salignnent of roll to X stable X
menber
RGPO - Msalign of roll to Y stable X
menber
HS11 (21, 31, 41, 51, 61) Headi ng X
HS12 (22, 32,42,52) sensitivity
DFR - Redundant gyro drift X X
DR - Redundant gyro input axis nmass X X
unbal ance
DOR - Redundant gyro output axis mass X X
unbal ance
DSR - Redundant gyro spin axis mass X X
unbal ance
KXR (YR, ZR) - Redundant gyro scale X X
factor
ML2B (13B,23B) - Difference vector X
between rel ative attitude
neasur ed by resol vers and
accel eroneters for IMJ pairs
TABLE 6-XVII1, | MJ CALI BRATI ON PARAMETERS
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6.3.4.1.5.1 Factory CAL

The Factory CAL involves 127 hr of testing. The test is both
operator and conputer controlled. For the nost part, though, the
test is automatic in that the cluster is automatically sl ewed

t hrough a predeterni ned sequence of positions. At each position
accel eroneter and gyro data are coll ect ed.

At the end of the entire sequence of positions, the data are used
to conpute the CAL paraneters. The equations used to conpute

t hese paraneters are based on an assuned error nodel of the | MJ
This concept will be discussed further under preflight CAL’s.

Two sets of paraneters that bear special nention are the heading
sensitivity and the M B terms, since these are conputed only at
the factory. The heading sensitivity terns are correction terns
(fine tuning) to conpensate for differential gyro drifts at
various attitudes. Drift data are taken at each possible | aunch
attitude for the IMJ, so the | MJ can be used as either IMJ 1, 2,
or 3. The test itself is acconplished by positioning the
platformat each of the 12 possible launch attitudes. Wile in
that position, the IMJis torqued at Earth rate (to conpensate
for effects of Earth rotation) and a | east squares fit of

accel eroneter data is conputed. The data are used to estimte
the north and west drifts of the platformand the resulting
headi ng sensitivity correction. This test is run only after the
other calibration paraneters have been conputed so that any
platformdrift is due to heading sensitivities.

The M B terns are necessary for the gyroconpass goodness test
that is acconplished at the end of the gyroconpassing portion of
the preflight alignment. These paraneters are a neasurenent of
the resolver errors in an | MJ and are determ ned by neasuring the
attitude of the IMJwth accel eroneters and resol vers

simul taneously. Measuring attitude with the accel eroneters
provides only two axes (Il evel axes) of information, so only these
two axes are checked in the gyroconpass goodness test.

6.3.4.1.5.2 Hangar CAL

The purpose of the hangar CAL is to update a subset of the
paraneters that were originally conputed at the factory. A
hangar CAL is required every 4 nonths.

Under GPC control, the hangar CAL routine will calibrate the
three IMJ s sinmultaneously by torquing the platforns to 13
predefined orientations showm in Figure 6-27. At each position,
data are collected to obtain drift and vertical accel eration
estimates. As shown in Figure 6-28, data are collected in three
of the cardinal positions to conpute gyro nisalignnents and
torquer scale factors. In two other cardinal positions,
estimates of west gyro drift are obtained, and a | east squares
fit of the data is used to estinmate up axis drift.
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Fi gure 6-28,

To del ete the unused high gain calibration positions 8 through
13, A -22 CR 89786C added two new | -LOADs that specify desired

HANG CALA paraneters vs. required positions and

tinme.

Hangar CAL positions. See table 6-XI X
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| - LOAD VSl D CONTROL VWORD
HCA H _PCS VO9UR976C 1111111000000000
HCA LO POS V99U9975C 1111110111111000

Tabl e 6-XI X, Hanger Cal |-Loads

Each of the first 13 bits represent a cluster position. If the
bit is set to one, then that position will be used during the
Hangar calibration. Not perform ng calibrations for the unused
hi gh gain positions 8 through 13 saves one hour of run tine.

The HANGAR CAL collects the gyro calibration data and the high-
gain accel eroneter calibration data with the accel eroneter gain
set to high for each of the orientations specified by the high-
gain cluster positions control word. Low gain accel eroneter
calibration data are then collected with the accel eroneter gain
set to low gain for each orientation specified by the | ow gain
cluster positions control word, except position 7. Low gain
calibration data is not collected for position 7.

For the HAINS I MJ, high gain & | ow gain accel eroneter data are
identical. The high gain nbde was retained to maintain
conmpatibility with the KT-70 IMJs. The HAINS is used in the
OPERATE/ CALI BRATE node with the accel eroneter scale factor set at
| ow gai n.

After the final position, the error terns (deltas) associated
with each calibration paraneter are conputed. Al paraneters are
automatically updated at the end of calibration. The HANGAR CAL
requires 5 hours to conplete.

6.3.4.1.5.3 Preflight CAL

The preflight CAL, normally acconplished on | aunch day at

approxi mtely T-5 hr, updates a subset of the paraneters
previously conmputed in the hangar CAL. The CAL requires 2 hours
to conplete, so if a paraneter is out of spec on the first CAL,
there is sufficient tine to repeat the CAL without a |aunch
impact. More details are provided here for preflight CAL, since
this is the only CAL routine flight controllers have the
opportunity to see.

Simlar to the hangar CAL, under GPC control the IMJis
positioned to seven predefined orientations (the first seven
shown in Figure 6-27). Also simlar to the hangar CAL, the first
pass through the seven positions is to collect gyro calibration
data and hi gh-gai n accel eroneter data, while the second pass

t hrough the positions (no. 7 is again skipped on the second pass)
is to collect |owgain accel eroneter data.
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To get an appreciation for what the software actually does during
the CAL routine, the follow ng step-by-step explanation is

provi ded for one of the positions. Assune that this is the first
pass through and the accel eroneter gain setting is high.

a. Formthe transformation fromnorth, west, up (NW) to the CAL
position. The rotations required to achieve the desired
position are predefined. The rotations assune the cluster
coordinate systemis coaligned with NAU.

b. Compute the transformation fromthe navigation base (NB) to
the desired cluster (DC) position.

T =[100] [T

Tow, was conputed in a. and Tywwas conputed in the | MJ
attitude determ nation routine (discussed earlier).

c. Using the matrix ToC , reposition the |MJ s,

d. Since this repositioning will be inaccurate due to possible
resolver errors, acceleroneter data are collected to deternmine
the error in the orientation. For exanple, in position 1, the
X-axi s accel eronmeter should sense -1g, while the other two
axes should sense zero g. This method assures the correct
alignment of the level axes only. Rotational errors about up
will be transparent.

e. The neasured misalignnment is torqued out to achieve the
desired orientation precisely.

f. Collect acceleration data to nmeasure north and west drift
(remenber, up axis drift can not be neasured with the
accel eroneters) and to nmeasure the gravity vector. The data
are |l east squares filtered to inprove the accuracy. Data are
collected for 120 sec for position 1 and 360 sec for positions
2 through 7.

g. Store the filtered estimtes as foll ows:

6, (1) ETD, (1)

K 4 —— K Dremw

G 2(RAD) u
Drift Est = Filtered Drift + (Correction for Earth Rotati on)

ETDN(K) = ETD (2) + [

AH(K, NPFA) = 8¢ (3)
Measured mag of G vector = Up conponent of filtered accel vector

where ETDg
OK

Filter estimated drift vector (NW coords)
Filter estimated accel vector (NA)
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TGV= Data col |l ection period

RAD= Conversion fromradi ans to arcseconds
G= Local gravity constant

W, = Up conponent of Earth rate

AH= Vertical conponent of accel vector-high gain
NPFA = Present CAL position nunber
K= I MJ nunber (1, 2, or 3)

These two equations, sinply explained, are: the drift equals
the nmeasured (filtered) drift plus a correction termfor Earth
rotation and the neasured magni tude of the gravity vector
equal s the up conponent of the filtered accel eration vector.

h. Wen all seven positions have been conpleted, switch the
accel eroneter gain setting to |l ow and repeat the process for
positions 1 to 6. The only data collected in |ow gain are:

AL( K, NPFA) =6 (3)
where AL = Vertical conmponent of ACCEL vector-low gain

i. Wen all low gain positions have been processed, plug the data
into the CAL equations to conpute the new CAL paraneters.

Agai n, the CAL process is based on an assunmed error nodel of the
IMJ.  As an exanple, consider the CAL of the X-axis

accel eroneter. Wen the X-acceleroneter’s input axis is pointed
down (position 4), it should neasure one g (local value of
gravity). Simlarly, when the input axis is pointed up (position
1), it should neasure -1g. FErrors in the acceleroneter due to
scale factor and bias errors will result in the acceleroneter’s
reading |l ess than or nore than the ideal one g. The assuned
error nodel is portrayed in Figure 6-29.

Measured
acceleration (g)

i /— Position 4

1
<“—— Slope = Scale factor

error

Ideal
acceleration (g)

P -

_—

Position 1

Figure 6 - 29. - Accelerometer Cal theory.
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The equation used to conpute the X-axis lowgain scale factor is

I = {AL(K,1)+A_|_éK,4)]
2(G)(10 ™)
whi ch actually conputes the slope of the Iine shown in Figure 6-

39. The X-axis accel eroneter bias term (low gain) is conputed
as:

AL(K.1) + AL(K 4)
2(Gy)(10” )

KOX = -

where Gy = standard accel eration due to gravity, 32.2 ft/sec2.

This can be thought of as the zero offset, the difference between
the ideal acceleration and the neasured accel eration.

The X-axis gyro bias termequation is a little nore conplex, but
really boils down to a fairly sinple and | ogical equation after
sone cancel | ation

DFX = ETDX(K,2) - [KOXH(K) (WU)} Go

(10% G
In words, this equation is:

(ACCEL BIAS ) (EARTHRATE )

Gyro biasx = ESTIMATED WEST DRIFT - GRAVITY CORRECTION TERM

(10%)

Substituting the accel eroneter bias equation into the DFX
equation yi el ds:

DFX = ETDX(K.2) - [AH(K,l) - AH(K,4)} Wu Go

2(Go) (10°) 10° G

After cancel |l ati on:

DFX = ETDX(K,2) - [AH(K’D _ AH(K’4):|VVU

2G

whi ch reveals that conputing the gyro bias termis sinply a
matter of estimating the drift about the proper axis (in this
case, west) and correcting for the Earth’s rotation (W)).
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A conplete listing of all of the CAL equations can be found in
t he | MJ Subsyst em Operati ng Program Functi onal Subsystem Software
Requi renment s docunent.

6.3.4.1.6 Al i gnnent s

6.3.4.1.6.1 Preflight Alignment (GC_ALIGN & GC_ALI GNIL)

The preflight alignment is used to geographically align the | MJ

i medi ately before flight. The IMJis first aligned to the |oca
vertical, then azimuth is aligned (gyroconpassed) to the accuracy
shown in Table 6-XX. This perfornance can be achieved for
Orbiter sways up tp an 8 inch peak-peak anplitude and tw sts up
to 4 arc mnutes, both at a frequency fromO to 0.5 Hz. The
preflight alignment is perfornmed under GPC control.

Par anet er Error, 1s
North axis error 20 arcsec
West axis error 20 arcsec

Up axis error 60 arcsec

TABLE 6- XX, PREFLI GHT ALI GNVENT ERRCR SPECI FI CATI ONS

The preflight alignment nust be preceded by an attitude
determination. The attitude determination is normally schedul ed
5 minutes before the preflight alignment, but nay be acconplished
anytinme after the preflight CAL.

During the preflight alignment, different alignnent orientations
may be selected by the GPC. These are defined as skew
orientations. |In flight, the inertial sensors are uniquely
oriented at one of three skew orientations (no two | MJ s have the
same skew orientation). The primary reason for doing this is to
enable failure isolation between two | MJ s when only those I MJ s
are operating. A secondary reason for the skewed orientations is
to assure that only one platformcan go through a ginbal flip at
any time. This mnimzes the possibility of a platformtunble
condi ti on occurring.

The preflight alignment consists of a gyroconpass alignment
(GC_ALIGN)(azimuth align) and a continuous alignment (GC ALIGNL).
The gyroconpass alignment requires 38 min to conplete. The

conti nuous alignnent node will execute fromthe conpletion of the
gyroconpass alignnment to T-4 ninutes.

The first step of the preflight alignment is to verify the
accel eroneter loops are in lowgain. (Wth O-22, the

accel eroneter gain is no |onger set to high gain when entering
t he nodul e.)
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Next, the matrix for the desired initial gyroconpassing
orientation relative to NWJ i s conputed

0 -1 0] [1 0 0
TES, = TSP T "1 0 0| |0 cos(THT) sin(THT)
0 0 1| |0 —sin(THT) cos(THT)

where: T = Transformation matrix fromthe NAV base to the
NB  desired gyroconpass attitude

T = Transformation matrix fromthe NAV base to the
NB  north, west, up coordinate frame

The third and fourth matrices in the equation represent a 90°
rotation about the up axis and a rotation matrix which will
allowthe platformto drift (with Earth rate) an equal anount
on either side of the desired orientation.

Using the above matrix, Tow,, the platformis positioned (slewed)
to the first gyroconpass orientation.

The platformis nonitored for 3 mnutes to allow the instrunents
to thernmally stabilize in the new positions. During this tine,
all inertial functions of the IMJ are active but no conpensation
for Earth rotation is applied.

After thernmal stabilization, acceleronmeter data are collected for
90 sec to estinmate platform m salignnment. These msalignhnents
are used to conpute torquing rates required to renove the

m salignnments. This process is actually a fine tuning of the

pl at f orm posi tioni ng acconpli shed above. Since the

accel eroneters are much nore accurate than the resolvers, the
data collected by the accel eroneters provide a good check on and
correction to the platformpositioning. The process works by
assum ng that no accel erations should be nmeasured on the north
and west axes. Any accelerations that are neasured constitute
al i gnnment error.

Once the orientation is precisely established, data are coll ected
for 10 mn. The platformis torqued about the north axis to
conpensate for Earth rotation. The outputs fromthe |east
squares filtered accel eroneter data are the drift rates about
north and west, and the neasured acceleration in the north and up
axes. The drift about north is conmputed as:
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ETDN =ETD(2) +Wu (?WL % ETD(1) DataTakeTime] ] WNGH(3)

RAD

Sinmply stated, the drift rate about the north axis equals the
tilt rate of the west axis, plus a termcorrecting for the up
conponent of Earth rate.

The second gyroconpass position is nerely a 90° rotation about
the up-axis fromthe first gyroconpass position. The matrix
defining the second orientation foll ows.

0-10] 1t o0 0
]

T, :TSBCD[TN“QAU 1 0 0| |0 cos( sn@)

0O 0 1 0 -sn(@d) cosb)

Note that the third matrix shown in the previous matrix equation
is mssing. The cluster is rotated to this new position, the
position is corrected as before, and data are then collected for
10 min. As in the first position, the north axis is conpensated
for Earth rotation. |In addition to the accel erati on nmeasurenents

(A1) and 42)) and the estimated drift measurenents (ETD(1) and
ETD(2)), three msalignnent vectors between IMJ pairs are
conputed along with the misalignnment rate vector for each | MJ
pair. Fromthe msalignnment and m salignnment rate data (using
resolvers as the source for the data), the relative attitude
errors for each IMJ pair are formed. The accel eroneter data are
then used to conpute the relative attitude error between each | MJ
pair. The equations used to conpute the attitude error from
accel eroneter data are:

maijn = 4D ~8(2) +(da‘a teke periOd](ETDj (2) - ETDI(2))
g 2(RAD)

maijw =40 -840 (data take pe”"d]( ETDj (1) - ETDI(D))
g 2(RAD)

Bot h of these equations are seen as the average neasured
acceleration (wth perfect accel eroneters and perfect alignnment,
this should be zero).

The above relative msalignnments, as neasured by the

accel eroneters, are subtracted fromthe relative msalignnents
measured by the resolvers (only the north and west channels are
conpared). In simlar fashion, the relative azinuth nisalignnent
is computed. The difference in the azimuth channel is that a
factory calibrated heading sensitivity termis subtracted from

t he accel eroneter nmeasured attitude error.

Now that all three axes’ relative msalignments have been
conmputed, the software converts the relative msalignhnments to
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body coordi nates and subtracts a factory-calibrated relative
resolvers error vector (MjB termdiscussed in the calibration
section) fromthe msalignnments. Fromthese relative

m sal i gnnents, then, the software perforns a reasonabl eness test.
This test, comonly called the gyroconpass goodness test, checks
the relative alignnent between each |MJ pair to assure a good
preflight alignment. |f any of the relative msalignments exceed
the threshold for the test, a gyroconpass fail flag is set and

t he alignment nust be repeated.

After the goodness test, gyroconpass continuous alignnent node
(GC_ALIGNL) is entered. GC ALIGNL was added to replace VEL TILT
in O-22. The basic function of this nodule is to nmaintain the
IMJs in a NI reference frane, neasure the drift after a defined
time frame and then torque out the neasured errors. The

conti nuous alignnent is active in both OPS-9 and OPS-1.

The IMJ clusters will be in the second gyroconpass position from
t he gyroconpass alignnent. The only novenent of the platforns
will be the torquing out of error (no platformrepositioning in

GC_ALIGNL). The conplete cycle of GC_ALIGNL is 480 seconds (8

m nutes). The gyroconpass drift is nonitored for 470.4 seconds
(7 mnutes, 50.4 seconds) and the actual torquing out of neasured
errors is allotted 9.6 seconds.

There are torque out limts for tilt (north and west) and azinmuth

(up). If these limts are exceeded when GC _ALIGNL conpletes a
measurenent cycle, a fail flag will be set indicating that the
correction was limted. The correction limted flags will be

reset at the end of the following GC ALI GN1 cycl e when t he new
m sal i gnnents are calculated. The current values for the limts
are shown in table 6-XXl.

AXi s Limt
Tilt (north, west) 88 arcsec
Azi muth (up) 200 arcsec

Table 6-XXI, GC ALANL Correction Linits

When an OPS transition is conmanded (either 9 to 1, or 1 to 0),
GC ALIGNL will term nate and the nodule will be initialized and
restarted after the OPS transition is conpleted. The errors
nmeasured during the GC_ ALIGNL cycle interrupted by the OPS
transition will not be torqued out during that cycle. The first
conplete cycle of GC ALIGNL after the OPS transition wll
represent the errors accunul ated during the interrupted cycle and
the current cycle. Errors due to both cycles will then be
torqued out. Gven this, it is expected to see increased

m sal i gnnents after an OPS transition. There is no limt on the
nunber of OPS transitions that can be perforned between OPS-9 and
OPS-1. The only restriction is that GC ALIGNL is term nated when
an OPS transition is commanded and thus no torquing out of

m salignnents will be perfornmed. Therefore, it is highly
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desirable to allow GC_ ALIGNL to conplete a full cycle in either
OPS prior to reaching the tilt or azimuth limt. After
commandi ng an OPS transition, a procedural delay of 2 m nutes
shoul d be all owed for catch-up torquing before issuing another
OPS transition comand.

6.3.4.1.6.2 I nerti al

GC_ALIGNL is term nated when the PLATFORM RELEASE command (event -
11) is issued. At T-4 ninutes, the PLATFORM RELEASE conmand is
i ssued and the foll owi ng events occur:

| MJs are npded to | NERTI AL,

REFSMVATs are cal cul at ed,

Navi gation is initialized,

PASS REFSMVATs and NAV data are transferred to the BFS,
BFS Navigation is initialized,

| MU Redundancy Managenent is initialized, and

I MJ data is nade available to the ground.

Just as in an OPS node transition, no torquing out of errors wll
be perfornmed. Therefore the anount of tinme that the | MJs are
drifting prior to launch is 4.5 mnuted plus the tine of the |ast
interrupted cycle of GC _ALI GN1.

As a cleanup step when exiting GC ALI GN1, | MJ REFSMVATs are
determ ned. The drift and nisalignnent data are used to conmpute
the final misalignment of the platformabout the north and west
axes. These final nisalignnents are then used to conpute an
update to the transformation matrix, defining the relationship
bet ween the NWJ coordinate frame and the cluster orientation
This matrix, in conjunction with the Earth-fixed to MO
transformation matrix and the Earth-fixed to NV, is used to
conmpute the REFSMVAT. The Earth-fixed to MO transformation is
computed in a navigation software nodule. The nodule is
basically an epheneris which accepts GMI' as an i nput and returns

the matrix T

The Earth-fixed to NWJ transformation is also conputed in Nav
software and is a function of the launch pad | atitude and

| ongitude. The Earth-fixed coordinate frane is defined as
fol | ows:

-the X-axis lies in the equatorial plane and intercepts the
G eenwi ch Meridian at the Equator;

-the Z-axis is orthogonal to the X-axis and points out the
North Pole fromthe coordinate systemorigin at the
center of the Earth;

-the cross product of Z x X forns the Y-axis, thereby
conpleting the mutual ly orthogonal coordi nate system

The two matrices nentioned above, TM® and T2, are nultiplied
together to formthe NW to MbO transformation matri X.
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T
M50 _ T M50| T NWU
TNWU - TEF TEF

G ven the above matrix and the nmatrix describing the relationship

between the aligned cluster and the NW frame, Tgw, the
REFSMMAT' s can be conput ed.

Tt = Taw [To]'
where i =1, 2, 3 - | MJ nunber

After PLATFORM RELEASE, the IMJ s go into the free inertial nobde,
they are flight ready, and all |IMJ functions, both hardware and
software, remmin the sane throughout the flight.

It should be noted that after PLATFORM RELEASE ( EVENT-11),
returning to GC_ALIGNL is prohibited. |In order to realign the

| MJUs after PLATFORM RELEASE, a TERM I DLE conmmand fol | owed by an
OPS-9 transition and then an ATT_DET and gyroconpass alignment is
required.

6.3.4.1.6.3 On-Orbit Alignnents

On-orbit alignnents are necessary to correct for platformdrift
caused by gyro errors. The HAINS stabl e nenber axes are capabl e
of being fine-aligned under GPC control at any desired
orientation with respect to the HAINS base reference system

wi thin an accuracy of 60 arc-seconds, one-signa per axis. This
accuracy is prem sed on the use of calibration constants (tag
constants) to conpensate for error sources in the HAINS. The
stated accuracy does not include the error due to nisalignnent of
the HAINS housing to the Navigati on Base.

Three options are available to realign the IMJs. The first
option uses star tracker or HUD/ COAS data to conpute the angul ar
di fferences between the actual orientation of the platformand
the ideal orientation as defined by the REFSMVAT. The platforns
are pul se torqued at 25 deg/hr (0.007 deg/sec) to renove the
errors (torquing angles). The second option is the IM;to-1MJ
align which allows the crewto select an IMJ as a reference and
align either one or both of the remaining IMJ s to the accuracy
of the reference IMJ. The third option is the Matrix align which
uses star tracker or HUD/ COAS data as a reference and conputes a
new REFSMVAT (i.e. the transformati on between the actual platform
| ocation and Mb0) for use in determning the true Orbiter
attitude. These three options are discussed in nore detai

bel ow. See FSSR 13 section 4.5.4.7 for even nore details.

Each | MJ has three different Reference Stable Menber Matrices
(REFSMVATS) used during on-orbit alignnments. The three REFSMVATs
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are the Current, Present and Desired. See 6-XXI| for nore
i nformati on on the REFSMVATS.

REFSMMAT Type Definition Conment s
Current Wiere the GPC thinks a platform
is wr.t MO.

Used by the GNC GPC software
for attitude, velocity and
ot her pointing conputations.

Pr esent Defines the actual present REFSMVAT wi | |
platformorientation w.r.t contain both
Mb0 as determ ned by an Star TRKR and
external instrunment platformerrors.
(e.g. S TRKR, HUD or CQAS).

Desi red Defines the desired/ideal REFSMMAT i s
platformorientation w.r.t stored in the

MbO for the platformto be GNC Maj or
after the align is conplete. |Function Base.

Table 6-XXII, REFSMVAT definitions

STAR TRACKER OR HUD/ COAS ALI GNVENT

The star tracker or HUD/ COAS alignnment (option 1) is the nethod
normal |y used to realign the platforns to their ideal
orientations, as defined by the Desired REFSMVAT's. To
accomplish this type of alignnment, |ine-of-sight vectors on two
navi gation stars nust be neasured by either the star trackers or
HUD/ COAS. The optinal separation between these two stars is 90°,
but angles of 90° = 55° are acceptable to the alignnent software.
The |MJ On-Orbit Alignnent (IMJ ORBIT_AL) nodule firsts uses the
i deal (stored) unit line-of-sight (LOS) vectors to determ ne the

transformtion matrix fromstar coordinates to Ms0, Tgae. Then

t he neasured LCS vectors are used to formthe transformation

matrix fromthe present cluster to star coordinates, Ty arnom -

Mul tiplying the above two transformation matrices results in the
transformation matrix fromthe present platformto MO

coordinates, Taoo.m (present REFSMVAT). In summary, the I MJ On-

Obit Alignment nodul e uses the two stored unit LOS vectors in
Mb0O coordinates and the two neasured unit LOS vectors in present
cluster coordinates to conpute the transformation natrix fromthe
present platformto Mb0. The stored transformation matrix from
the desired platformto MbO (desired REFSMVAT) is then conpared
to the present REFSMVAT to determine the errors in the IMJs
alignment. These errors are displayed to the crew on SPEC 21 and
downl i nked to the ground as torquing angles. These angles are
then torqued out of the platformby the GYPTO | oops at a rate of
25 deg/ hr (0.007 deg/sec). Upon conpletion of the I MJ alignnent,
the current REFSMVAT is set equal to the desired REFSMVAT. See
Figure 6-30 for a graphical illustration of a star alignnent.

| MJ TO | MJ ALI GNMENT
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The second type of alignnent, the IMJto IMJ alignnent, allows
one, two or three IMJs to be aligned using an | MJ as the
reference. Since the reference is provided by another |IMJ versus
star data, an IMJto IMJ alignnent is only as accurate as the
reference |MJ itself.

The follow ng six steps describe how the flight software
i mplements an IMJIMJ alignnment in OPS 2 or 3.

1. After the reference alignment | MJ has been sel ected on SPEC 21
with an I TEM 14 + (REF I MJ) EXEC, the I MJ alignnent software
will conpute the transformation matrix from present platform
to desired platformin order to obtain the | MJ torquing
angles. This transformation is conputed based on gi nbal
angles fromthe IMJs. By reading the ginbal angles of the
reference IMJ, the transformation fromthe navbase to the

present orientation of the platform Tg/ e, can be forned.

By reading the ginbal angles of the IMJs) to be aligned, a

simlar matrix (matrices), Tim oee', can be formed for the

IMJ(s) to be aligned. Conbining these matrices with the
current REFSMVAT's for the reference | MJ ﬂﬁﬁLmNR, results in

the present REFSMVAT of the IMXs) to be aligned, To'Sogy, -

The torquing angles are then cal cul ated by conparing the
present REFSMMAT to the desired REFSMVAT of the IMJ)s) to be
al i gned, nxg;mwl. See Figure 6-31 for a graphica
illustration of an IMJIMJ alignnment. The torquing angles
will be computed for the other non-reference | MJs regardl ess
of whether they have been selected for alignment. The
torqui ng angle conputation will be perforned every mnute
until ITEM 16 is executed, at which tine the conputation will
be perforned again.

The remaining five steps will be perforned for each | MJ sel ected
for alignnment independently of the other | MJs.

2. The software then conputes to see if any axis of the IMJis

greater than the anount of slew ng obtained for 19.84 sec. In
other words, any axis that is misaligned > than 23.81 deg
(19.84 sec * 72 deg/mn). If this is true, then slew that

axis, and any others > 23.81 deg, for 19.84 sec. This process
is repeated over and over until all axes misalignment is <
19.84 sec of slewing (23.81 deg). For exanple, if one axis is
m sal i gned by 180 degrees, then the above process will be
perforned seven tinmes before proceeding to step 3.

3. The above process is again perfornmed for 5.12 sec (6.144 deg),
0.64 sec (0.768 deg), and 0.32 sec (0.384 deg). The IMJ wll
be slewed until all axes nisalignnment is < 0.384 deg (0.32 sec
* 72 deg/min). Slewtine is always one of four fixed val ues
(19.84, 5.12, 0.63, 0.32 sec). Every tine the software
conmputes the tinme required to slewthe IMJ axis, it will do so
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after conputing the axis nisalignnent obtained fromthe
transformation matrix from present platformto desired
platform This neans that the slewing tinme is conmputed and
t hen perforned open |oop by setting the slew bit for the
appropriate axis and direction for the required tine.

4. After slewing to within 0.384 deg is conplete, the software
wWill initiate the bi-directional slewing required to reduce
the effects of hysteresis caused by the above slewi ng. First
the IMJwll be slewed positive for 19.84 seconds (23.81 deg)
and then negative for another 19.84 seconds. This rocking
notion should bring the | MJ back close to where it was before
the bi-directional slewing began. It is “close” to the
original position since there is sone error in the accuracy of
the slewing itself (error is small).

5. At the end of the bi-directional slew ng, the software
conmput es the anobunt of misalignnent per axis again based on
t he above transformation matrix conputation. This
m salignnent is used to create a unit vector which will be
used to apportion the digital torquing rate of 25 deg/ hour
The platformwill then be eigen axis rotated at 25 deg/ hour
(not 25 deg/hr per axis). This eigen axis digital torquing
di stribution anong axes is perforned every 0.32 seconds for
160 seconds (requires 500 cycles of 0.32 sec). At the end of
160 seconds the alignnent is term nated regardl ess of whet her
a successful alignnent was perforned or not (rmaybe due to sone
har dware problem). Renenber, during the 160 second peri od,
t he maxi mum axi s m sal i gnment which can be torqued out is
1.111 degrees (160 sec * 25 deg/hr). Every 0.32 second period
the software can torque out 0.00222 degrees (0.32 sec * 25
deg/ hr).

6. During the digital torque period of 160 seconds, the ground
can see the torqui ng angl es change ever so slightly around
zero (assunmng a good alignnent). Sonetines the ground will
see a + and - toggle in the value of the torquing angle. This
is due to one 0.32 sec cycle driving the | MJ past perfect
alignnment and the next cycle driving it back. At the end of
the alignnent, conpletion of the 160 second period, the | MJ
may be misaligned by a nmaxi num anount of 0.00222 degrees
(assunes everything is perfect). This happens when the second
to last 0.32 sec cycle had the I MJ aligned perfectly thereby
causing the last 0.32 sec cycle to drive the axis the
addi tional 0.00222 degrees. At this tine, the alignment is
conpl ete, the torqui ng angl es should be near zero and the | MJ
gyro deltas on the ground display should al so be near zero
unl ess there was sone problemwith the | MJ hardware itself.

If the selected reference IMJis also to be aligned, the other
IMXs) will be aligned to it first, then the | owest nunbered | MJ
already aligned will be used as the reference IMJ. Upon | MJ
alignnment conpletion, the RMIimt will be reset to the
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appropriate one or two level values (this will be discussed in
nore detail in a later section).
The error introduced in this process occurs when the current
REFSMVAT of the reference IMJ, Torory.. and the transformation
fromthe NAV Base to the platformfor the reference | MJ
Tow e ®, are nultiplied together. The assunption made is that
the present platformorientation of the reference IMJis
equivalent to its ideal orientation. Any msalignnment of the
platforminvalidates this assunption and results in the
| oss of accuracy of the IMJto IMJ alignnent. The IMJto I MJ
alignment is currently used in two situations:

1. To change the REFSMVAT's (platformorientation) of the

I MJ s being aligned.
2. To correct gross msalignments of the | MJ s caused by
power downs.

In the first case, a new desired REFSMVAT, To'Xtomy . is uplinked
prior tothe IMJto IMJ alignnent. Wen the alignment is
conplete, the IMUwIIl have a new platformorientation. In the
second case, when an I MJ is brought back to the operate node, its
platformw ||l be caged and the IMJw |l be grossly msaligned. A

nom nal star alignment would take too |long to conplete, so the
IMJto IMJ alignnment is used.

MATRI X ALl GNVENT

The third and final type of alignnment is the matrix alignnent.
Star data for this type of alignment are collected in the sane
manner as the star alignnment. The difference in this type of
alignnment is that the IMJis not torqued to the desired REFSMVAT
orientation. The transformation fromplatformto MeO for each
IMJis conputed as in the star align process (present REFSMVAT).
This matrix is then stored in software as the current REFSMVAT
for each I MJ being aligned. Upon conpletion of a matrix

al i gnnment, the downlinked REFSMVAT i s updated and represents the
new | MJ platform position (current equals present). Since the
torqui ng angl es are determned fromthe desired REFSMVATS, the
ground has to uplink the new current REFSMVATS (to the desired
slot) in order for the torquing angle to be valid. Again, the
platfornms are not nmoved in this type of alignnment. This type of
alignment is usually used during | MJ reference recovery
procedures. Figure 6-32 for a graphical illustration of a matrix
al i gnnment .
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| DEAL STAR VEASURED STAR CALCULATED PRELAUNCH
LI NE OF SI GHT LI NE OF S| GHT (T-ﬁ}y N)
# # #|MBO # # #|star UPLI NKED EARLI ER
=|# # # * H# O# #
|/ # # #|star # # #|platfornm
Z Z Z|M60
PRESENT ¥ $ ¥ Vb0 DESI RED Z 7Z Z
REFSMVAT REFSMVAT
Y Y Yl|platfornm zZ zZ Z|platfornm
DELTAs di spl ayed on SPEC 21
COVPUTE TORQUI NG ANGLES (i n platform coordinates)
move platformto DESI RED REFSMVAT ori entation
Z Z Z|MO
DESI RED
REFSWAT [£ £ Z
Z Z Z|platform
Si | at f i t DESI RED —
LB i o, 59 RED | SET CLRRENT = DESIRED
CURRENT % % % VB0
REFSMVAT
Z Z Z|platform

Figure 6-30, Schematic of a Star Align
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REF | MJ REF | MU G MBAL I MJ G MBAL
CURRENT REFSMVAT RESOLVER ANGLES RESOLVER ANGLES
X X X|{MO

# # #/|platfornmy # # #|NAV BASE

=[X X X x* |# # # * |# O# #
|/ X X Xl|platforng [# # #|[NAV BASE # # #|platform

CALCULATED PRELAUNCH
(T-4 MN)
R

UPLI NKED EARLI ER

VBO Z Z Z|Me0
DESRI RED Z 7 Z

RFFSMVAT
pl atforml Z Z Z|platform

Y Y Y

PRESENT

REFSMVAT Y vy v
Y Y Y

DELTAs di spl ayed on SPEC 21

COVPUTE TORQUI NG ANGLES (i n platform coordi nates)
move platformto DESI RED REFSMVAT orientation

Z 7Z Z
DESI RED
REFSMwT (£ £ Z
Z Z Z|platform

Since platformis at DESI RED SET CURRENT

REFSMVAT orientation... = DESIRED
Z Z Z
REFSMVAT
Z Z Z|platform

Figure 6-31, Schematic of an IMJto-1MJ Align
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| DEAL STAR MEASURED STAR
LINE OF SI GHT LINE OF SIGHT
# # #|MbO # # #H|star
=|# # # * # # #
l/ # # #|star # # #|platfornm
X X X|MbO
resar Y y| o X X X
REFSMVAT ¢
Y Y Y|platform X X X|platforn
DELTAs di spl ayed on SPEC 21
The platformis not torqued
Y Y Y|[MO
PRESENT
REFSwT [¥ Y Y
Y Y Y|platform
Si | at f is at PRESENT _
BT CEm b o, PRESENT | SET CURRENT = PRESENT
CURRENT $ ¥ $ VBO
REFSMVAT
Y Y Y|platform

Figure 6-32, Schematic of a Matrix Align

6.4 HAINS | NPUT/ OQUTPUT (1/0) CONTROL

The 1/0 section of the HAINS provi des the basic conmmunication
link between the HAINS and the Orbiter General Purpose Conputer
(GPC) via the MDM Unit.
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6.4.1 Di scription

The 1/O controls the flow of input and output serial data to the
GPC under the control of discretes issued by the GPC. One seri al
data line is used to alternately receive and transnmt data at a
maxi numrate of 25 tines per second (every 40 nsec). The contro
and format of the input and output data is separately described
bel ow.

6.4.1. 1 I nput Dat a

The fornmat of the two input data words that nmay be sent to the
HAINS are indicated in Table 6-XXII| and Table 6-XXIV. The uses
of these data words are summari zed bel ow:

I nput Word 1 This word enabl es i ndependent Gyro Pul se
Torqui ng (GYPTO Conmands to be sent to
the X, Y, and Z gyros. Five bits are
all otted for each torquing conmand usi ng
two's conplenent logic. The nost
significant bit determ nes the sense of the
command and the remaining four bits the
command nagni t ude.

The | east significant magnitude bit has a
nom nal weight of 0.5 arc-second. After
the HAINS receives input Wrd No. 1, it
automatically torques out the commanded
angl e before the next Input Woird Command i s
received. At the maxi mum conputer
iteration rate of 25 Hz, the maxi mum nunber
of data bits that can be torqued out per
iteration is 8. This corresponds to a

nom nal angle of 8 x 0.5 = 4 arc-seconds/
40 mlliseconds = 100 deg/ hr.

[ nput Word 2 Bit 4 of this word is used to
simul taneously set all velocity channels
(X, Y, 2) at either Low Gain or Hi gh Gain.
The Low Gain setting is (used during any
m ssion flight node (e.g., launch, entry).
The High Gain setting is only used when
calibrating the HAINS or during HAINS
| aunch pad alignnments, both of which are
ground operations.

Bits 5 to 10 are used to i ndependently

i ssue slew conmmands to the HAINS X, Y, and
Z gyro axes when it is desired to rapidly
rotate the HAINS ginbals to a desired
orientation. Once a pertinent conmand is
received, the HAINS will continue to
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respond to the I ast command. Hence, | nput
Wrd No. 2 need be issued only when it is
desired to change the state of the Velocity
gain or Slew Commands.

6.4.1.2 | nput Data Control

When the GPC desires to input data to the HAINS, it first sends a
Message Qut Discrete in its high state to informthe HAINS t hat
it should prepare to receive data fromthe GPC. Next, the GPC
sends a Wrd Discrete in its high state which the HAINS
interprets as a command to receive Input Word No. 1. Next the
GPC sends Input Serial Data Wrd No. 1.

The serial data is sent at a bit rate of 1 Mz controlled by a
clock external to the HAINS. After all 20 data bits in |nput
Data Word No. 1 have been sent to the HAINS, the Wrd Discrete is
set toits low state while the Message Qut Discrete is still
high. Approximtely 8 nicro-seconds later, the Wird D screte is
again set high to informthe I/Othat the GPCis about to send

I nput Data Word No. 2. The Wrd and Message Qut Discretes are
set lowin that order and the input transm ssion cycle to the
HAINS is conpl ete.

If only Input Word No. 1 is to be sent to the HAINS, the GPC
woul d issue only one Wird Discrete after setting the Message CQut
Di screte high. Wen the Message Qut Discrete is next set |ow,
the input transmi ssion is conplete and only I nput Wrd No. 1

woul d have been received by the HAINS. Later, when the next
Message Qut Discrete followed by a Wrd Discrete is received by
the HAINS, the HAINS always interprets the first data word to the
IMJ as I nput Data Wrd No. 1.

6- 106



SHUTTLE ORIG K. Dunn I MJ
GN\C/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0
Bit No. Bi t Assi gnment/ Functi on
1-3 Sync Pul se
4 Sign of X stabl e-nmenber commanded rotation.
5-8 Magni tude - 4-bit code that determ nes magni tude of the
stabl e-nenber rotation angle about the X-axis is given in
bits 5 through 8.
Bit coding shall be:
Bit 4: Setting to logic “1” commands positive
rotation about the X-asix. Setting at
| ogic “0”" commands negative rotation about
t he X-axis.
Bit 5: Most significant nagnitude bit.
Bit 8: Least significant magnitude bit with
nom nal weight of 0.5 arc-seconds at |ogic
“1” and 0 at logic “0".
9 Sign of Y stabl e-nmenber comanded rotation.
10-13 Magnitude - 4-bit code that determ nes nmagni tude of the
st abl e-nenber rotation angle about the Y-axis is given in
bits 10 through 13.
Bit coding shall be:
Bit 9: Setting to logic “1” commands positive
rotation about the Y-axis. Setting at
[ ogic “0” comrands negative rotation about
t he Y-axis.
Bit 10: Most significant nagnitude bit.
Bit 13: Least significant magnitude bit with
nom nal weight of 0.5 arc-seconds at |ogic
“1” and 0 at “0".
14 Sign of Z stabl e-nmenber command rotation.

TABLE 6-XXII'1, | NPUT DATA WORD 1 (2’s COVPLI MENT)
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15-18 Magnitude - 4-bit code that determ nes magnitude of the
st abl e-nenber rotation angle about the Z-axis is given in
bits 15 through 18.

Bit coding shall be:

Bit 14: Setting to logic “1” commands positive
rotation about the Z-axis. Setting to
[ ogic “0” comrands negative rotation about
t he Z-axis.

Bit 15: Most significant nagnitude bit.

Bit 18: Least significant magnitude bit with
nom nal weight of 0.5 arc-seconds at |ogic
“1” and 0 at logic “0".

NOTE: St abl e-nmenber rotations are with respect to
inertial space in accordance with the
right hand rul e.

19 Spar e
20 Parity
TABLE 6- XXI'I1, | NPUT DATA WORD 1 (2's COWPLI MENT) (conti nued)
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Bit No. Bi t Assi gnnment/ Functi on

1-3 Sync Pul se

4 Scal e Factor (SF) - Setting this bit shall cause the HAI NS
to switch the accel eroneter channel to high-gain scale
factor (9350 pps/g) for its logic “1" setting and to its
| ow-gain scale factor (935 pps/g) for its logic “0"
setting.

5 Slew X positive (SX+) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the X-axis
in the negative direction at a 56 degree per nminute rate.

6 Slew X negative (SX-) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the X-axis
in the positive direction at a 56 degree per nminute rate.

7 Slew Y positive (SY+) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the Y-axis
in the negative direction at a 56 degree per nminute rate.

8 Slew Y negative (SY-) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the Y-axis
in the positive direction at a 56 degree per nminute rate.

9 Slew Z positive (SZ+) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the Z-axis
in the negative direction at a 56 degree per nminute rate.

10 Slew Z negative (SZ-) - Setting this bit to logic “1”
shal | cause the stable nenber to rotate about the Z-axis
in the positive direction at a 56 degree per nminute rate.

11-19 Spares

20 Parity
NOTE: Stable nmenbers rotate about their own axes with

respect to inertial

space, positive or negative

according to the right-hand rule for orthogona

ot

ri ght -handed coordi nate systens. Wth all ginba
angles starting at zero, a clinbing right-hand turn
by the vehicle shall cause Roll, Pitch, and Axi nmuth

ginbal angles to increase in a positive sense. The
same result shall follow sinmultaneous negative
rotations of the stable nmenber when the vehicle is
not rotating.

TABLE 6- XXI'V, | NPUT DATA WORD 2
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6.4.1.3 Qut put Data

The Qutput Wrd list is shown in Table 6-XXV. The output words
are sequentially issued in the order indicated in this |ist
(i.e., Word 1 is sent first and Word No. 16 last) . Currently
the Orbiter's operational software does not | ook at Qutput Wrds
15 and 16.

6.4.1. 4 CQut put Data Control

These output words are transmtted when the GPC i ssues the
Message IN Discrete set high. Oherw se, the basic GPC control
operation is identical to that explained for input words except
that the Message IN rather than the Message OUT Discrete is used
to conmand Qut put Wbrds.

The Qutput Wrd list may be ternminated at any tinme, by setting
the Message IN Discrete low. |If this is done, the next tine that
an output word list is requested, the Discrete may again be set
hi gh and the HAINS Qut put transmissions will again start with

Qut put Wrd No. 1.

The format of the sixteen Qutput Data Wrds that are sent from
the HAINS are shown in Tables 6- XXVl through 6-XXXlI. The use of
these Data Wirds is sunmari zed bel ow

Qut put Word 1 This word is the HAINS MODE/ Bl TE st at us
word. Each data bit provides an indication
of the status and proper operation of the
HAINS. Bit 4 (HAINS Good) is a |ogical NOR
of the states of bits 5 through 12. |If any
of the latter bits are set at logic "1"
because a fail condition has been detected,
then Bit 4 is sinmultaneously set at |ogic
"0".

Bits 13 or 14 are set to alogic "1" if a
failure of parity, gap, or Manchester code
error occurs in transm ssions of |nput
Wrds No. 1 or 2, respectively.

During the initial start-up of the HAINS,
Bits 15 to 19 are set at logic "1" and
sequence to logic "0" in the order fromBit
15 first to Bit 19 last in accordance with
t he sequence timng given in Figure 6-33.

Qut put Word 2 This word contains the value of cluster
rotational rate sensed al ong the redundant
gyro axis
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Qut put Wirds 3-9

Qut put Wrds 10-12

Qut put Wrd 13

Qut put Wrd 14

Qut put Wrd 15

These words give the values of the fine
(8X) and coarse (1X) ginbal angle outputs.
The angul ar val ue for each 8X word is given
in electrical degrees and is divided by 8
to transformit to a 1X angle. The 1X and
8X words are conbined in the GPC to produce
one precision ginbal angle output value for
each channel. The basic accuracy is

provi ded by the 8X output and only the 3
nost significant bits of the 1X words are
used to determ ne which of the 8 octants
that the total angle is in. No 1X output
word is provided for Qutput Wrd 3 since
the Inner Roll ginbal angle is restricted
to less than a +/- 11 degree 1X range.

These words provide the magni tude of
velocity along the X, Y, and Z stable
nmenber axes. The sense of the velocities
is determined in the GPC by conti nuous
subtraction of the value of the previous
velocity word transm ssion fromthe val ue
of the current. |In addition, the GPC keeps
track of over-flows that will occur if the
vel ocity magni tude exceed the range of the
word (approxi nately +66,812 cm sec).

This word is identical to the |ast Input
Wrd No. 1 that was received by the HAINS
The GPC uses this (information to confirm
proper HAINS reception of Input Wrd No. 1
fromthe GPC (via the MDM.

This word is identical to the |ast Input
Wrd No. 2 that was received by the HAINS
The GPC uses this information to confirm
proper reception of Input Wrd No. 2 from
the GPC (via the MDM.

This word is one of two BI TE sunmmary words
mai ntai ned by the internal software in
order to provide additional fault isolation
information. This word is used for test
pur poses and i s not used during normal
Orbiter operations. This word is
transmtted fromthe HAINS to the test
computer for failure diagnostic use. Each
bit of the BITE summary word provides a
pass/fail status for a specific BITE
test(s). A bit whichis set to a logic "1"
indicates a fail condition. Qutput Wrd
No. 15 is a spare word in the KT-70 | MJ
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Qut put Word 16 This word is one of two BI TE sunmary words

mai ntai ned by the internal software in
order to provide additional fault isolation
information. This word is used for test
purposes and is not used during norma
Orbiter operations. This word is
transnmitted fromthe HAINS to the test
computer for failure diagnostic use. Each
bit of the BITE summary word provides a
pass/fail status for a specific BITE
test(s). A Dbit whichis set to a logic "1"
indicates a fail condition. CQutput Wrd
No. 16 is a spare word in the KT-70 | MJ

Bit 15: D1/D8 - D1=0 . D1=1 . D8=0(or1)
> » » »
Bit 16: D2 : D2=0 . D2=1 :
> P ; >
Bit 17: D3 : D3=0 - . D3=1 :
' — - >
Bit 18: D4 : D4=0 e . D4=1 :
- — > »
Bit 19: D5 : D5=0 L Do . D5=1 :
,:E o Do ):5 : >
i Ll Ll i ]
] ] - >
time (seconds)
t,=0.0 t;=85.4
Logic reset In OPER mode
t, =212 t,=27.6 t; = 34.0
OPER mode commanded 1 t,=233 3 t,=20.7 5
Notes:
Bit 15

DI/D8 sequencer discrete - This bit, which initially represents the D1 sequence-up discrete, shall be set to a logic "1" at logic reset. This
bit is set to a logic "0" 21.2 seconds after logic reset in order to start the vertical gyro wheel rotating at 240Hz. After the In-Operate-Mode
discrete is issued by the HAINS, this bit is designated D8. The D8 bit then represents the velocity channel gain. At logic "0", the channel
is set at low gain; at logic "1", it is set at high gain.

Bit 16
D2 sequencer discrete - This bit shall be set to a logic “1" at logic reset. This bit is set to a logic "0" 23.3 seconds after logic reset in
order to close the low-gain isolation loops around the vertical gyro axis and to activate the 8-Vrms, 19.2-kHz excitation BITE.

Bit 17

D3 sequencer discrete - This bit shall be set to a logic “1" at logic reset. This bit is set to a logic "0", 27.6 seconds after logic reset in
order to close the high-gain isolation loops around the vertical gyro axes, switch the vertical gyro wheel excitation to approximately 530Hz,
and start the azimuth gyro wheel at 240Hz.

Bit 18
D4 sequencer discrete - Ths bit shall be set to a logic “1" at logic reset. This bit is set to a logic "0" 29.7 seconds after logic reset in order
to close the low-gain isolation loops around the azimuth gyro axis and switch the azimuth gyro wheel excitation to approximately 530Hz.

Bit 19

D5 sequencer discrete - This bit shall be set to a logic “1" at logic reset. This bit is set to a logic "0" 34.0 seconds after logic reset in
order to close the high-gain isolation loops around the azimuth gyro, close the redundant gyro capture loop, and activate the gimbal loop
BITE.

Figure 6-33, Start Up Qutput Word 1 Tinming Sequence
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W, redundant gyro axis sensed rate

ORL redundant ginbal angle from8X inner rol

angle from 1X outer roll resolver
angle from8X outer roll resolver
angle from 1X pitch resol ver
angle from 8X pitch resol ver
angle from 1X azinmuth resol ver

angl e from 8X azinmuth resol ver

Wrd No. | nformation

1 HAI NS node/ Bl TE status word
2

3

4 OXM X gi mba

5 OXL X gi mba

6 OYM Y gi nba

7 QYL Y gi nba

8 QZM Z gi nba

9 QZL Z gi nba

10 VX X velocity word

11 VY Y velocity word

12 VZ Z velocity word

13 Echo of conmand word 1
14 Echo of conmmand word 2
15 BI TE Wrd 1*

16 BI TE Word 2*

*

Not presently read by GPC software.

TABLE 6- XXV, OUTPUT DATA WORD LI ST
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HAI NS MODE/ BI TE STATUS

Bit No. Bi t Assi gnnment/ Functi on

1-3 Sync pul ses

4 HAINS Good - This bit shall be set to logic "1" if none of
the followi ng conditions occurs:

A/ D converter failure
Platformfailure

DC/ DC failure

Di screte power supply failure
Digital subsystemfailure
Circuit card overtenperature
MUX failure

Resol ver failure

5 MJUX fail - This bit shall be set to a logic "1" when either
a failure is detected in the end-around transm ssion test
perforned on output words, or when the MJX BI TE detects a
fail condition.

6 A/Dfail - This bit shall be set to logic "1" when the A/ID
converter BITE detects a fail condition.

7 Platformfail - This bit shall be set to logic "1" when
either the platformBITE or the gyro wheel supply BITE
detects a failure.

8 Digital subsystemfail - This bit shall be set to logic "1"
when the BITE detects a failure on any of the follow ng
circuit cards: CPU, 1/Q or Menory.

9 DO/ DC card fail - This bit shall be set to logic "1" when
[0QJ-the DC/DC BI TE detects a fail condition.

10 Di screte power supply fail - This bit shall be set to logic
"1" when a BITE fail detection is nmade of the isolated power
supply used to power the | MJ discretes.

11 Resol ver fail - This bit shall be set to logic "1" when
either the resolver voltage or current exceeds its all owable
t ol er ance.

12 Circuit Card Overtenperature - This bit shall be set to
logic "1" when a circuit card overtenperature condition is
det ect ed.

TABLE 6- XXVI, OUTPUT DATA VWORD 1
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13

14

15

16

17

18

19

20

Transnission word 1 fail - This bit shall be set to a logic
"1" if a failure of parity, gap, or Manchester codi ng occurs
in input word No. 1

Transnission word 2 fail - This bit shall be set to a logic
"1" if a failure of parity, gap, or Manchester codi ng occurs
in input word No. 2.

D1/ D8 sequencer discrete - This bit, which initially
represents the D1 sequence-up discrete, shall be set to a
logic "1" at logic reset. This bit is set to a logic "0"
18. 6 seconds after logic reset in order to start the
vertical gyro wheel rotating at 240Hz. After the In-Qperate-
Mode discrete is issued by the HAINS, this bit is designated
D8. The D8 bit then represents the velocity channel gain.

At logic "0", the channel is set at lowgain; at logic "1",
it is set at high gain.

D2 sequencer discrete - This bit shall be set to a logic "1"
at logic reset. This bit is set to a logic "0" 23.3 seconds
after logic reset in order to close the | owgain isolation

| oops around the vertical gyro axis and to activate the 8-
VRVS, |9.2-kHz excitation BITE.

D3 sequencer discrete - This bit shall be set to a logic "1"
at logic reset. This bit is set to a logic "0" 27.6 seconds
after logic reset in order to close the high-gain isolation
| oops around the vertical gyro axes, switch the vertica

gyro wheel excitation to approximtely 530Hz, and start the
Azi muth gyro wheel at 240Hz.

D4 sequencer discrete - This bit shall be set to a logic "1"
at logic reset. This bit is set to a logic "0" 29.7 seconds
after logic reset in order to close the owgain isolation

| oops around the azimuth gyro axis and switch the azinuth
gyro wheel excitation to approximtely 530Hz.

D5 sequencer discrete - This bit shall be set to a logic "1"
at logic reset. This bit is set to a logic "0" 34.0 seconds
after logic reset in order to close tee high-gain isolation
| oops around the azimuth gyro, close the redundant gyro
capture | oop, and activate the ginbal |oop BITE

Parity

TABLE 6- XXVI, OUTPUT DATA WORD 1 (conti nued)
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W, REDUNDANT AXI S RATE

Bit No. Bi t Assi gnment/ Functi on
1-3 Sync pul ses
4 Sign bit. Positive rotation (right-hand rule) of the stable

nmenber about its X or Y reference axes causes the sign bit to be
set to alogic "1".

5 Overfl ow

6 70. 656 deg/ hr
7 35. 328 deg/ hr
8 17. 664 deg/ hr
9 8. 832 deg/ hr
10 4.416 deg/ hr
11 2. 208 deg/ hr
12 1. 104 deg/ hr
13 0. 552 deg/ hr
14 0. 276 deg/ hr
15 0. 138 deg/ hr
16 0. 069 deg/ hr
17 0. 0345 deg/ hr
18- 19 Spar es

20 Parity

TABLE 6- XXVI 1, QUTPUT DATA WORD 2
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RESCLVER ANGLES

Bit No. Bi t Assi gnment/ Functi on

1-3 Sync pul ses

4 180 deg

5 90 deg

6 45 deg

7 22.5 deg

8 11. 25 deg

9 5. 625 deg

10 2.8125 deg

11 1. 40625 deg

12 0. 703125 deg

13 0. 3515625 deg

14 0. 17578125 deg
15 0. 087890625 deg
16 0. 0439453125 deg
17 0. 02197265625 deg
18- 19 Spares

20 Parity

NOTE: 8X resol ver angles are divided by 8 in orbiter GPC.

TABLE 6- XXVI 11, OJTPUT DATA WORDS 3-9
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Bit No. Bi t Assi gnment/ Functi on

1-3

10

11

12

13

14

15

16

17

18

19

20

NOTE: At the high gain velocity scale factor setting,
bit weights are one tenth of the indicated val ues.

VELOCI TY WCORDS

Sync pul ses

34406. 4 cm sec (| ow gain)
17203. 2 cm sec (low gain)
8601. 6 cnfsec (low gain)
4300. 8 cm sec (low gain)
2150.4 cnmisec (low gain)
1075. 2 cnisec (|l ow gain)
537.6 cm sec (low gain)
268.8 cm sec (low gain)
134. 4 cm sec (low gain)
67.2 cnmsec (low gain)
33.6 cnsec (low gain)
16.8 cnisec (|l ow gain)
8.4 cm sec (low gain)

4.2 cnisec (|l ow gain)

2.1 cmsec (low gain)
1.05 cnisec (lowgain) = 0.034 ft/sec

Parity

TABLE 6- XXI X, OUTPUT DATA WORDS 10-12
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Bl TE SUMVARY WORD 1
Bit No. Bi t Assi gnment/ Functi on

1-3 Sync pul ses

4 Multiple bit nenory error

5 DAL regul ated voltage fail

6 Arithmetic floating point overflow
7 Gyro wheel supply

8 Pul se accunul ator fail

9 DVA fail

10 Sequencer fail

11 EEPROM PROM checksum f ai |

12 Circuit card overtenperature

13 DC/ DC f ai |

14 Di screte power supply fail

15 7 Vac resolver fail

16 Instruction test fail

17 RAM sel f-test fail

18 Pul se accunul ator overfl ow

19 Fl oati ng point divide-by-zero

20 Parity

NOTE: This data word is for IMJ test function use only. i s not

read by the orbiter GPC.

TABLE 6- XXX, OUTPUT DATA WORD 15
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Bl TE SUMVARY WORD 2

Bit No. Bi t Assi gnment/ Functi on

1-3 Sync pul ses

4 G nbal angl e checksum fail

5 A/ D converter interrupt goodness check fail
6 DOR wr apar ound f ai |

7 A D test fail

8 I nner roll reasonabl eness

9 MTU fai l

10 MUX tag timer fail

11 G nbal | oop fail

12 M ssing resol ver input/1X, 8X resolver fail
13 Menory error correction fail

14 MIU sel f-test fail

15 A/ D AC channel test fail

16 A/ D DC channel test fail

17 End- around transm ssion fail

18 MJUX/ DMA paral l el fail

19 Square root of a negative nunber

20 Parity

NOTE: This data word is for IMJ test function use only. It is not

read by the Orbiter GPC

TABLE 6- XXXI, OJTPUT DATA WORD 16
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6.5 HAINS SOFTWARE

This section describes the OQperational Flight Program (COFP)
software provi ded by the processor which consists of the CPU,
Menory and 1/ O circuit cards.

Internal Operational Flight Program (OFP) software inplenented in
the Menory and Conputer Processor Unit (CPU) circuit cards is
designed to neet the follow ng objectives:

e Provide transparency between the HAINS and the KT-70 | MJ
by appropriately scaling and formatting the output data.

* Provide internal conpensation for as many |-Load
par anet er as possi bl e.

e Performextrapolation and interpolation of data as
required in order to neet the data stal eness
speci fications.

« Augnent the present conpensation |-Load paraneters for
i mproved accuracy.

* Provide expanded Built In Test Equi pnent (Bl TE)
capability in order to detect and annunci ate HAI NS
failures.

6.5.1 Overvi ew

The OFP design uses a nodul ar technique, following the rules for
t op-down nodul ar design. The nmajority of the nodul es have been
written in the FORTRAN programmi ng | anguage, the renaining

nodul es, because of time critical application, were witten in
Assenbl y | anguage.

The use of the Hi gh Order Language and nodul e design allows for
easy mai ntenance and conprehension, and also facilitates future
nodi fi cati on.

The OFP code resides in a 24K Wrd (16 bits) Programmbl e Read
Only Menory (PROM) on the HAINS Menory Gircuit Card. Table 6-
XXXI'l is the systemnenory map. The code is executed by the
HAI NS Central Processor Unit (CPU) Circuit Card.

The OFP's interaction with the other various HAINS functions is
provided by the /O The programis contained in |less than half
of the 48K nenory locations (16 bits) available. Only the | ower
24K of the available 48K available nenory is populated with
fusible link PROMs. The execution of the code results in
approxi mtely a 70% CPU utilization factor
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The OFP is the neans by which acceleration data and attitude data
i s accumul at ed, processed, and conpensated for use by the Space
Shuttl e General Purpose Conputer (GPC). The OFP al so receives
the BITE status information fromthe various circuit cards and
provi des additional BITE checks of HAINS functions.

The OFP can be classified as six separate processing functions.
Each of these functions in turn is nmade up of one or nore

nodul es. The six processing functions and subfunctions are shown
in Figure 6-34. The renainder of this section will describe the
OFP in terns of these processing functions.

VEMORY ADDRESS RANGE

FUNCTI ON TYPE HEX DECI MAL
MAI N SCRATCHPAD RAM 0000 TO 003F 0 TO 63
DVA REG ON RAM 0040 TO 0067 64 TO 103
MAI N SCRATCHPAD RAM 0068 TO OFFF 104 TO 4095
OFP ROM 1000 TO 6FFD 4096 TO 28669
OFP CHECKSUM ROM 6FFE TO 6FFF 28670 TO 28671
GROMH * ROM 7000 TO CFFF 28672 TO 53247
MUX SCRATCHPAD RAM D000 TO D088 53248 TO 53384
MAI N SCRATCHPAD RAM D089 TO DEFF 53385 TO 57343
| - LOAD PARAMVETERS EEPROM EO00 TO EFFF 57344 TO 61439
Bl TE STORAGE EEPROM FOO0O TO FFOO 61440 TO 65280
MEMORY MAPPED 1/ O - FFCO TO FFFF 65472 TO 65535
NOTE: * Upper ROM address field is not populated by fusible link

PROM s.

TABLE 6-XXXI|, SYSTEM MEMORY MAP
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PROCESSING FUNCTION CLASSIFICATIONS
M o N
I 1 1 v v
EXECUTIVE IMU INTERFACE INPUT/OUTPUT SOFTWARE BITE SPECIAL MODE UTILITY
FUNCTION
IMU 1/O ANALOG 1/0 BITE UTILITY
EXECUTIVE INITIALIZATION SPECIAL MODE FUNCTION
REAL
TIME IMU MUX e e e
EXECUTIVE
CYCLE BITE 25 HZ
EXECUTIVE CYCLE
BITE 5 HZ
CYCLE
BITE 1 HZ
CYCLE
MESSAGE-OUT
CYCLE

Figure 6 - 34. - OFP Processing Functions - major classifications.

6.5.2 Executi ve

The Executive Function contains three major functions. These
functions are as foll ows:

o Executive
0 Real-Tine Executive
0 Cycle Executive

6.5.2.1 Executi ve

The Executive function perforns programinitialization, sets up
calling sequences for different nodes (Operational or Special
Mode), and buffers data conputed in one cycle for use in other
cycl es.

The programinitialization portion consists of setting variables,
downl oadi ng of EEPROM val ues and the execution of turn-on BITE
Each of the interrupt cycles has a buffering routine. Data which
is needed during the interrupt cycle is unbuffered foll ow ng
initiation of the cycle. Data which is required by other
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interrupt cycles is buffered prior to conpletion of the interrupt
cycl e.

6.5.2.2 Real - Ti ne Executi ve

The Real - Ti me Executive perforns the interrupt initialization
scheduling, error detection, and error recovery.

The Real -Ti me Executive (RTE) perforns the initialization of the
Interrupt Controller on the /O Crcuit Card Assenbly, which
handl es the Level Il interrupts. The RTE also sets up the
address for interrupt vectoring (Interrupt vector is HAINS node
dependent) inmediately followi ng HAI NS turn-on

During OFP cycling, the RTE determ nes and executes the
appropriate Level Il service routine. The OFP Interrupt Priority
Structure is shown in Table 6-XXXIl1l. Also during interrupt
handling the RTE insures that the interrupt received is valid and
that the test to be executed as a result of the interrupt is not
al ready running. |If either occurrence is detected, the RTE
initiates the appropriate error recovery routine.
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CEVEL | PRIORI TY DESCRI PTI ON [ SSUI NG CYCLE TIME
DEVI CE
1~ MESSAGE - IN GPC UPON REQUEST
DI SCRETE BY GPC
2 1 AID COVPLETE AID 5 MBEC
2 2 200 HZ G 5 MBEC
| NTERRUPT
2 3 100 HZ CPU 10 NMSEC
| NTERRUPT
2 Z NESSAGE - OUT GPC UPON REQUEST
DI SCRETE BY GPC
2 5 25 HZ SOFTWARE CPU 40 MBEC
| NTERRUPT
(DOR 1-9)
2 6 5 HZ SOFTWARE CPU 200 NMBEC
| NTERRUPT
(DOR 1-10)
2 7 1 HZ SOFTWARE CPU 1000 MBEC
| NTERRUPT
(DOR 1-11)
2 8 SPARE

NOTE: * Level 1 has a higher priority than any |evel 2.

TABLE 6- XXXI'I'I, | NTERRUPT PRI ORI TY STRUCTURE

6.5.2.3 Cycl e Executive

The RTE initiates the Cycle Executive function. The tasks
required for an interrupt cycle are perforned within this
function. Figure 6-35 shows a sinplified Hi erarchical Chart for
the flow fromthe Level Il Interrupt Handler (RLEV2) to the
interrupt's task schedul e.

Upon conpl etion of the execution of the tasks within an interrupt
cycle control is then returned to the RTE.

Fol | owi ng conpletion of a interrupt cycle the OFP perforns
background routines (Non-Interrupt initiated). In background the
OFP systematically reads data and wites the data back to each
RAM | ocat i on.

This reading and witing to RAM (cal |l ed RAM scrubbi ng) will
elimnate any single bit errors that may accunul ate. A read
operation of a RAM | ocation which contains a single bit error
will cause the Error Detect and Correct circuitry on the Menory
Circuit Card Assenbly to correct the error while the data is on
the data bus (the RAM Il ocation is not altered by EDC) . The
subsequent wite to the RAM Il ocation will result in the storage
of the correct data.
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6.5.3 HAI NS | nterface Function

This function provides for the data transfer fromthe OFP to the
Orbiter's General Purpose Conmputer (GPC) and al so provides for
the control of the HAINS hardware. The HAINS Interface function
consi sts of the I MJ I nput/Qutput.

6.5.3.1 I nput / Qut put

6.5.3.1. 1 Level | Interrupt Handler (RLEV1)

The Level | Interrupt Handler (RLEV1) is invoked as a result of
the receipt of a GPC issued Message-In discrete (Level 1
Interrupt). It perfornms the preparation and transm ssion of the

out put data required by the GPC.
The RLEV1 perforns the foll ow ng:

0 Qutput the redundant rate word.

0 Qutput the resolver angles. The 8X resol ver angles
(except Inner Roll) nust be extrapol at ed.

0 Qutput the velocity words. These nust be interpol ated.

o Echo back to the GPC command words 1 and 2.

6.5.3.1.2 Gyro Torqui ng (GYPTO

The Gyro Pul se Torqui ng Mdul e (GYPTO, running at 200 Hz,
perforns both fine digital torquing (+/ - 90 arc-sec/sec) for
drift conpensation and anal og slewing (+/- 4185 arc-sec/sec) for
logic tilt corrections.

Functional Requirenents - The GYPTO nodule is required to perform
the following functions for the X, Y, and Z axes:

o If an analog slewis required on the X, Y, or Z axes by
the GPC command, the gyro is slewed at 4185 +/- 689 arc-
sec/ sec.

0 Accunul ate total torquing pulses as a floating point
numnber .

0 Apply either a positive or negative torquing pulse to the
appropriate axis based on the sign of the total torquing
pul ses.

0 Adjust the pulses left to be torqued to account for the
pul se just appli ed.

6.5.3.1.3 Gyro Conpensati on ( GYRO_COWP)

The purpose of the Gyro Conpensation (GYRO COW) function is to
convert the gyro torquing command fromthe GPC into a torquing
rate, conpensate the torquing rate for msalignnments and scal e
factors, and check the slew flags.

Specifically, this function perforns the follow ng functions:
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o Convert the gyro torquing command fromthe GPC into a
torquing rate. The rate is broken into a uniformrate
over the entire Message-Qut cycle at a 5 nsec interval.

0 The slew flags are checked to determine if the slewing is
required

0 The torquing rates are conpensated to account for gyro
nm sal i gnnments and torquer scale factors.

6.5.3.1. 4 5 Hz Gyro Conpensati on ( GY5COWP)

The purpose of the 5 Hz Gyro Conpensation (GY5COMP) Function is
to conpensate the gyro for conponent errors. These conponent
errors are nmeasured by the systemcalibrations and are stored in
t he EEPROM s Tag constants region.

Specifically, this function perforns the follow ng:

0 Determines if the ginbal angles are at any of the 3 skews
of a gyroconpass test. Also calculates the vector sum of
the three accel eration channels and conpares it to the 1 g
val ue. Heading sensitivity is :applied only if a
gyroconpass test is being performed in a 1 g environnent.

0 Conpensate the torquing rate for the follow ng conmponent
par anet ers:

Gyro Mass Unbal ance

M sal i gnnent s

Torquer Scal e Factors

Headi ng Sensitivity (Conditional)
Gyro Restraint Drift

6.5.3.1.5 Accel eronet er Pul se Accunul ati on

The READ-DLS nodul e is executed 100 times per second. This
nodul e reads in fromthe Pul se Accurmul ator circuit on the 1/0
Circuit Card Assenbly the nunmber of accel eroneter pul ses received
over a 10 nillisecond period. The reading (snapshot) of the
pul se accunul ator causes the 16 bit accunulator to reset to zero.
The READ- DLS nodul e naintains a total count of all the

accel eronet er pul ses read during the pul se accurul at or snapshot s.
Al so the READ-DLS nodul e adds to the total count of the

accel eronet er pul ses which were read at the tine of the Message-
In discrete (RLEV1 al so perforns a Pul se Accunul at or snapshot).

6.5.3.1.6 Long Term Accel eronet er Conpensati on (AClL_COWP)

The long term accel eroneter conpensation (ACL_COW) function
perforns the conpensation of the acceleroneter required as a
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result of gradual environnental changes and/or conponent
characteristics.

Specifically, the ACL COW nodul e conpensates for the foll ow ng
at a once per second rate:

o Conpute the tenperature dependent scale factors based ;on
the nmeasured tenperature in the DAL circuitry area

0 Conpensate the scale factor for overall conponent
characteristics.

6.5.3.1. 7 Accel eronmeter 25 Hz Conpensati on (A25_COWP)

The accel eronet er conpensation at a 25 Hz rate (A25_COWP)
perforns the accel eroneter scale factor non-linearity
compensati on.

The A25_COWP conputes the acceleration for each of the axes over
a 40 nsec period. The non-linearity conpensation is then applied
if the accel eroneter pulse output is within the follow ng ranges:

Lower Limt Upper Limt

1)  2706.1 3388. 4
2)  2987.2 3093. 0

The first pair of linmts is used when calibration paraneters are
not stored in the EEPROM Tag constants region. The second pair
of limts is used when calibration paraneters are stored in the
Tag constants region. The linmits are used to determ ne when the
accel eroneter is elevated to approximately 45 degrees (0. 707g
out put).

6.5.3.1.8 Accel eronmeter Pul se Conpensati on (ACP_COWP)

The accel eronet er pul se conpensation (ACP_COW) is executed at a
100 Hz rate. The ACP_COWP conpensates the accel eroneter pul ses
for the foll ow ng:

0 Hygh Gain or Low Gain as commanded by the GPC.

0o Scale Factor, Bias, Msalignnents, and Ofset errors as
comput ed during system |l evel testing.

o Scale factor is extrapolated to the next Message-In 8
cycle. The actual nmultiplication of the accunul at ed
pul ses by the conpensated scale factor is perforned at
the time of the receipt of the Message-In.

0 Negative or Positive accel eration.
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In addition, the ACP_COW detects for transition fromthe 25 Hz
Message-In cycle to the 6.25 Hz Message-In cycle. The ACP_COW
accumul at ed pul ses over a 10 nsec cycle, 40 nsec cycle, and the
200 nsec cycl e.

6.5.3.1.9 Redundant Gyro Processi ng ( RGV COWP)

The redundant gyro nonitor neasures the inertial drift rate of
the HAINS pl atform about the redundant axis of the dual axis Z
gyro. The redundant axis nominally lies on the plane fornmed by
the X, Y gyro. It is 26.5 degrees fromthe X-axis. The RGV COWP
nodul e conpensat es the redundant gyro rate for redundant gyro
errors and commanded r at es.

Specifically, the nodule will conpensate for the follow ng at an
update rate of 100 Hz:

o Drifts due to restraint and nmass unbal ance errors.
o The torquer scale factor error.
In addition, the RGM COW formul ates the RGM out put word, which

includes the sign bit and the overflow bit as well as the actual
nmeasur ement s.

6.5.4 HAI NS | nput/ Qut put Functi on
6.5.4.1 Analog 1/ 0O

This portion of the HAINS interface function provides the
transfer and conpensation of the data obtained fromthe HAINS A/D
Circuit Card Assenbly.

6.5.4.1.1 Input A/D Data

The READ AD is executed as a result of the AAD Gircuit Card
Assenbly generated interrupt. This nodule stores the follow ng
A/ D supplied data into a buffer:

° G nbal Angle Checksum

° Roll, Pitch, and Azimuth G nbal Angl es
° Inner Roll Angle

° Redundant Gyro Rate

In addition, the READ AD mai ntains a running count of the
received A/'D interrupts.

6.5.4.1.2 Resol ver Processing at 25Hz
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The R25_PRCC nodul e perforns resolver error conpensation at a 25
Hz rate. The A/ D converted Azinmuth, Pitch, Quter Roll, and |nner
Rol | readouts are conpensated for externally determni ned (System
Calibrations) resolver offsets and tracking errors. @G nbal non-
orthogonal errors are al so conpensat ed.

In addition, this nodul e activates the Pitch ginbal sw tch when

the Pitch attitude is above 92 degrees and deactivates the switch
when the Pitch attitude goes bel ow 90 degrees.

6.5.4.1.3 8X Resol ver Processing

The RES S8X prepares the Azimuth, Pitch, and Quter Roll 8X speed
resol ver readouts for transm ssion during the Message-In cycle.
Specifically, this nodul e updates the resol ver readouts with the
conmpensat ed resol ver error conpensation (as conputed by other
nodul es). | n addition, the RES S8X determi nes the rate of change
in the 8 speed angle for Azinmuth, Pitch, and Quter Roll (required
for extrapol ation).

The updat ed resol ver readings and the resolver rate of change
information are stored for use by the RLEV1 nodul e.

6.5.4.1. 4 1X Resol ver Processing

The RES_S1X nodul e prepares the output words for the Azinuth,
Pitch, and Quter Roll 1X speed resolver readouts and al so the
I nner Roll readout. These output words are then stored for
transnission to the GPC by the MJX

The RES S1X nodul e corrects the 1X speed resol ver readouts and
the Inner Roll for conmputed errors. This nodul e al so

extrapol ates the 1X speed resol ver readouts and the Inner Rol
readout for transmi ssion during the Message-In cycle based on the
rate of change in the resolver readings.

In addition, the RES S1X converts the Inner Roll readout froma
voltage to an angl e.

6.5.4.2 MJUX Functi on

The MUX function perfornms the non-critical data transfers between
the OFP and the MUX Circuit Card Assenbly.

6.5.4.2.1 | nput GPC Word

Desi gnated bit positions of the command words received fromthe
GPC i nvoke specific HAINS actions. The MJXIN nodul e eval uates
the two command words received fromthe GPC during the Message-
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Qut cycle to determine if the GPC is requesting any of the
foll owi ng acti ons:

° Digital Torquing
° Slew ng
° High or Low Gain Accel eroneter Setting

The nodul e stores individually into nmenory the requests for
digital torquing, slew ng and accel eroneter scale factor setting.
These individually stored conmand requests are then avail able for
the other functions to performthe commanded acti on.

6.5.4.2.2 I nput Wbrds for PROVE Configuration

The Program Val i dation Equi pnent (PROVE) is used to supply

simul ated platformdata to the OFP for purposes of evaluating the
internal software performance. The |IN1553 nodule is executed
only when the OFP is being used in a PROVE configuration.

The | N1553 determines if input data is available fromthe PROVE
If data is available fromthe PROVE, then the I N1553 nodul e
overwites the locations that normally contain the actual
platformdata. This sinulated platformdata is then avail abl e
for use by the nodul es which process the platform data.

6.5.4.2.3 Qut put Wrds for PROVE Configuration

The QUT1553 nodule initiates the transfer fromthe PROVE of
simul ated platformdata. The OUT1553 nodul e woul d be executed
via an externally issued conmand, only when in the PROVE
configurati on.

6.5.5 HAI NS BI TES

The HAINS BI TE provides the in-flight functional checks necessary
to assure that internal failures, which result in degraded system
perfornmance beyond nission critical |evels, are detected.

The IMJ has built into it an extensive self-nonitoring capability
(hardware BITES). Additionally, the I MJ software in the GPC s
provi des further checks on the usability of the IMJs (software
BITES). This information fromboth the hardware and the software
is used by the redundancy managenent (RM software (discussed
later) to determne the health of an IMJ. The GPC al so

enunci ates the BITE signals to the crewvia an alarmand a fault
summary nessage on their cathode ray tube (CRT). This section

wi || describe the general operation of | MJ Bl TES.

6.5.5.1 Har dwar e BI TES
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The overall HAINS BITE is nade up of both hardware and interna
software diagnostics. The internal software BITE al so processes
both the hardware and the internal software detected fails and
sets the appropriate bits in HAINS Data Wrd 1 for output to the
GPC.

6.5.5.1. 1 BI TE Qut put

The results fromthe BITE tests are contained in the two interna
BI TE words 15 and 16. Each BITE routine has a bit in one of
t hese words which are set in the event of a detected fail ure.

During the 25 Hz cycle, the SOUTBTE nodul e takes the contents of
the two BITE words and logically OR s themwith HAINS data Wrd
15 and Word 16. The two BI TE words are then cleared. Appropriate
bits fromwords 15 and 16 are then used to form HAINS data Wrd
1. HAINS data Wrds 1, 15, and 16 are zeroed after the Message-
In discrete is received.

6.5.5.1.2 Descri ption

The HAINS uses a conpl enment of hardware and internal software
tests to provide an effective nmethod of assuring the functional
integrity of the LRU. In addition to the LRU fault isolation,
the HAINS contains additional BITE features that will aid in
fault isolation to the shop replaceable unit (SRU).

The HAINS BI TE cannot initiate a system shutdown or circuit
deactivation upon detection of a fault. Hardwi red discretes are
avail able via both the operational and test connectors which can
be used to initiate a system shutdown via external equipnrent.

The HAINS BITE will verify the proper operation of the foll ow ng
maj or functions of the HAINS:

o Commruni cation Interface
0 System Excitation

o Vel ocity Channel

o Attitude Channe

The following is a summary of these functional checks.

6.5.5.1.2.1 Conmuni cation I nterfaces
The HAINS digital subsystem and MJX are checked for proper
operation. In addition, the conmunication link of the HAINS to

the GPC, and internal conmunication |links are either checked by
specific Built In Tests (BIT) or by an overall BITE function.
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6.5.5.1.2.2 System Excitations

The HAINS BI TE checks that the power supply voltages, clock
signal s, resolver current |oads, and gyro/accel eroneter current
| oads are within their specified threshol ds.

6.5.5.1.2.3 Vel oci ty Channel

In addition to the BITE of the velocity channel excitations, the
HAI NS BI TE al so checks the channel for a saturated condition.

6.5.5.1.2.4 Attitude Channel

In addition to the BITE on the attitude channel excitations, the
HAINS BI TE on the attitude channel also consists of a

reasonabl eness check between the 1X and 8X resol vers, a check of
the availability of an input signal fromthe resolvers and an A/D
conversi on accuracy check.

6.5.5.1.3 MJX Fai |

The Multiplex Terminal Unit (MJX or MIU) BI TE provi des checks of
the MJX data transfer capability and overall proper operation.
The MUX BITE is conprised of the follow ng tests:

o MIX Start-up Test MIX & I/O Card Power - on
o DVA Controller BITE I/0O Card 25 Hz

o DMA Parallel Test I/O Card 25 Hz

o End- Around Transm ssion Test Mux Card Message in

When any of the above BITE tests fail, bit five of the | MJ Modde
Status Wrd (Qutput Wrd 1) is set high. This results in an I MJ
Mux Fail BITE annunci ation (see Table 6- XXXVl in section
6.5.5.2.8.2).

6.5.5.1.3.1 MJX Start-up Test

Once at power-on, the MJX perfornms a self-test of its internal
functions as well as a check of the DVA controller (located on
the /O card) and its data |ines.

The MU Circuit Card Assenbly perfornms a self-test of its
functions immediately follow ng the recei pt of the Logic Reset.
A detected failure is transmitted to the OFP via the Discrete

I nput Registers (DIR) on the I/O Circuit Card Assenbly.
Specifically, the MJX indicates a detected failure by setting
either Multiplex Terminal Unit Fail (MIU) (DR 1-10) or DMA G ant
Fail (DIR 1-11). The internal software (SMIUST) sanples both
discretes and, if either one is set, it sets bit 14 of BITE
Summary Word No. 2.
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In addition, the internal software sanples the MIU s DVA

| ocations in nmenory to deternmine that the MU Circuit Card
Assenbly has initiated its operation. This is done by reading
| ocation 0062 (HEX) and verifing that its contents are either
AAAA (HEX) or 5555 (HEX). |If the contents are not as expected,
the internal software sets bit 14 of BITE Summary Word No. 2.

6.5.5.1.3.2 DMA Controller BITE (DVMA Request & Grant)

The MUX performs two periodic checks of its DVA Controller
interface. One is a test of the MIX's capability of transmitting
a DVA request to the DVA controller and the other being a test of
the receipt of DMA Grant fromthe controller. The MJUX tests the
DMA request by nonitoring its own DVA request line. |If a request
is not transmtted fromthe card when it should, the MJX pul ses
the MTUF (Multiplex Terminal Unit Fail) discrete, which is then

| atched on the 1/O SRU. The MJX also tests the DMA Grant signal
by timng the interval between the transni ssion of a DVMA Request
and the receipt of a DMVA Gant. |If this tinme exceeds 12 micro-
seconds, the MJX pul ses the DMaF (DVA Grant Fail) discrete, which
al so gets latched on the 1/O SRU. The internal software sanples
the MTUF (DIR 1-10) and the DMGF (DIR 1-11) at a 25 Hz rate, if
either indicates a failure, the internal software stores a MU
Fail (BITE Sunmmary Wrd No. 2, bit 9) or DVA Fail (BITE Summary
Wrd No. 1, bit 9). The truth table for these two | atched
signals is shown in Table 6- XXXl V.

MIUF DMGF DM | (Made on |/0O Card from MIUF & DMGF)
1 0 0 MUX Har dwar e Fai l
0 1 0 DVA Grant Ti neout
1 1 1 DVMA Parallel BITE Test Fail
1 1 1 MIUF and DMGF
Al'l signals are latched in the I/0O Card.

TABLE 6- XXXI'V, TRUTH TABLE FOR MIU BI TE OQUTPUT S| GNALS

6.5.5.1.3.3 DVA Parall el Test

The MUX tests its DVA parallel data path by performing a
write/read/ conpare operation using conplenentary data patterns.
First the MJX stores a pattern (AAAAH) in RAM next the pattern
is read by the MJX and a conpari son nade of data read versus data
witten. |If this test passes, it is then repeated using the
conpl ement (5555H) of the previous data pattern. |If the test
fails, the MJX sets the DMPF (DVA Parallel Fail) discrete on the
I/OSRU. DWPF is set by first setting MIUF true then clocking it
into a latch using DM3. The internal software sanples the DWVPF
(DR 1-12) at a 25 Hz rate. If the DVMPF is set (indicating a
failure), the internal software issues a reset command to the
three MIU | atches and isolates the fault as foll ows.
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The internal software checks the results of the Multiple Bit
Error Test (perfornmed prior to the sanpling of DWPF) for a fail
indication, if a multiple bit error has not occurred, the
internal software stores a MJUX DVA Parallel Fail in bit 18 of
BITE Summary Word No. 2. This additional check by the interna
software helps in isolating a failure. Figure 6-36 illustrates
t he sequence of DVA tests.
1
MUX | / O CARD
MESSAGE |5 | F WRI TTEN & READ 2
s BI T PATTERN ~— o P|DVA_CONTROLLER
DI FFER, SET DIVA WRI TE TO
PARALLEL FL RAM 3A | F REQUEST NOT
| SSUED, SET
DVA REQUEST FL
4B | F CONTROLLER
RESPONDS, WRI TE (MU FL)
BI T PATTERN | NTO
RAM & READ | T BACK 3B | F REAUEST IS
SENT,
4A | F NO CONTROLLER | CONTROLLER
RESPONSE, SET DMVA (€ RESPONDS
GRANT FL DIVA
GRANT

Fi gure 6- 36, DVA Controller and Parallel Test Flow

6.5.5.1.3. 4 End- Around Transmi ssi on Test
After every transmitted word (by the MJXX to the MDM, the MJX
perforns a check of the Manchester |l code, to verify that the

word consists of 16 data bits, plus sync, and a parity bit
verification. The MJX al so checks the contents by taking the
serially transnmitted data word, bringing it through the word
processi ng section of the MJUX and converting it to parallel data.
The I ower byte of this wapped around data word i s then conpared
against the |ower byte of the original data word. |If the two
bytes for any of the 16 transmtted words do not conpare, the
End- Around Transmission Fail bit of the Message Validity Wrd is
set.

The internal software sanples the Message Validity Wrd upon
recei pt of a Message Qut Interrupt, if the End-Around
Transnission Fail bit is set, the internal software sets the End-
Around Transmission Fail bit 17 of BITE Summary Wrd No. 2.
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6.5.5.1.4 A/ D Fai
The A/ D Converter BITE nonitors the follow ng functions:
0 AC channel accuracy check A/D Card (25 Hz)
o DC channel accuracy check A/D Card (25 Hz)
0 G nbal angle checksum A/D Card (100 Hz)
o A/D converter interrupt goodness check A/D Card (25 Hz)
o A/Dperfornmed BITE A/D Card (25 Hz)

When any of the above BITE tests fail, bit six of the | MJ Mde
Status Wird (Qutput Wrd 1) is set high. This results in an I MJ
A/D Fail BITE annunci ation (see Table 6- XXXVl in section
6.5.5.2.8.2).

6.5.5.1.4.1 AC Channel Accuracy Check

The A/ D converter provides an AC channel 45 degree test angle
nmeasurenment to main nmenory twenty-five tinmes a second. The
internal software conpares this angle with the actual val ue of
the angle. |If a difference of greater than +/- 0.10 degree

exi sts between the two values, the internal software sets bit 15
of BITE Summary Wrd No. 2.

6.5.5.1.4.2 DC Channel Accuracy Check

The A/ D converter provides the +10 Vdc channel value to nain
menory. Twenty-five tines a second, internal software conpares
this value with the actual 10 Vdc value. If a difference of
greater than +/- 2% exists between the two val ues, the internal
software sets bit 16 of BITE Summary Word No. 2.

6.5.5.1.4.3 G nbal Angl es Checksum

The A/ D converter adds the value of the Azinmuth, Pitch, and Rol
angles, and DVA's the result into nmenory. One hundred tines a
second the internal software adds the value of these same angl es
and conpares the result to the A/D converter value. |If the
checksumfails, the internal software sets bit 4 of BITE Summary
Word No. 2.

6.5.5.1.4. 4 A/ D Converter Interrupt Goodness Check

The internal software insures that the A/D converter is

mai nt ai ni ng comruni cati ons by keeping a count of the nunber of
A/D interrupts received in a 40 nsec period. During normal
processing, the A/D converter issues an interrupt to the CPU
every 5 nsec, so an expected count would then be 8 interrupts.
The internal software checks the A/D interrupt count once every
40 nsec for a count equal to or greater than 6 and | ess than or
equal to 10, since the last sanpling of the A/ID interrupt count.
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If the count is not within these limts, the software initiates
an A/D reset routine and sets bit 5 of BITE Sunmary Wrd No. 2.

6.5.5.1.4.5 A D Perfornmed BITE

The A/D m croprocessor perfornms several internal BITE functions
to check the proper operation of the AAD card and Platform Any
failure detected by the AADis indicated in the internal A/AD BITE
status word which is transnmitted to the internal software.

The A/D perfornms a check of its PROM RAM DC conversion channel,
and AC conversion channel. |In addition, the A/D also perfornms a
check of the inputs fromthe Platformin the formof a 1X/ 8X

resol ver conparison and a check for any m ssing resolver inputs.

A failure detected by any of the following tests is processed as
an A/Dtest fail which results in the setting of bit 7 of BITE
Summary Word No. 2:

0 A/D PROM Test - The A/D periodically perforns a
checksumits PROM Any mis-verify that occurs will
result in the setting of the AAD PROMfail, bit 0 of
the internal A/D BITE status word.

o] A/D RAM Failure - Al the A/D converter's RAM
| ocations are checked for unique patterns of both 1
and O states. This test is perfornmed during the A/D
initialization follow ng power turn-on. |If this test
fails three tinmes consecutively, the AAD sets bit 1 of
the internal A/D BITE status word.

0 DC Ofset - The A/D periodically checks the DC of f set
voltage to assure that the voltage is within specified
upper and lower limts. |If the voltage exceeds either
limt three tinmes consecutively, the A/D sets bit 11
of the internal A/D BITE status word.

0 AC Ofset - The A/D periodically checks the AC of fset
voltage to assure that the voltage is within specified
upper and lower limts. |If the voltage exceeds either
limt three tinmes consecutively, the A/D sets bit 12
of the internal A/D BITE status word.

0 DC Gain - The A/D periodically checks the DC gain
voltage to assure that the voltage is within specified
upper and lower limts. |If the voltage exceeds either
limt three tines consecutively, the A/ID sets bit 14
of the internal A/D BITE status word.

o] AC Gain - The A/D periodically checks the AC gain
voltage to assure that the voltage is within specified
upper and lower limts. |If the voltage exceeds either
limt three tinmes consecutively, the A/D sets bit 15
of the internal A/D BITE status word.
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6.5.5.1.4.6 Recurring A/D Fail BITES

If a HAINS AAD Fail BITE or a Digital Subsystem Fail BITE
continues to reoccur nmultiple tinmes, it is recommended to node
the affected | MJ to standby and then back to operate. Cycling
back to operate could possibly correct the software problem
clear the BITE and regain operation of the affected HAINS (as a
suspect IMJ). However, if only one transient IMJBITE is
annunci at ed, the | MJ perfornmance shoul d be nonitored and

consi dered suspect for the renainder of the nission.

The HAINS OFP software has the capability to detect and correct
any single bit error found in the software. However, nultiple
bit errors can only be detected resulting in the annunciati on of
the Digital SubsystemFail BITE. None of the H ANS BI TES (except
for initialization BITES) are |atched; however, if a nultiple bit
error (MBE) is detected the BITE will continue to reoccur. This
is due to a utility function in the HAINS OFP which continues to
read and rewite all of the HAINS nenory periodically. Wen ever
the RAMis accessed, the HAINS error detection and correction
circuitry is invoked thus reannunciating the MBE BI TE each cycl e.
This reading and witing to the RAM nenory performed by the OFP

is called RAM Scrubbing. It has been confirned that noding a
H ANS to standby and then back to operate is one way to clear a
multiple bit error. |If the BITE continues to occur once the

nodi ng steps are conplete, a real internal HAINS software problem
may exi st.

It should also be noted that any tinme nmultiple BITES are received
right after noding fromstandby to operate, the HAINS shoul d be
noded back to standby and then operate. This will clear any

Bl TES detected upon initialization.

Prior to noding a HAINS to STBY or powering it off, consideration
shoul d be given to waiting until all BITE i nformati on has been
permanently stored in the HAINS nenory. Wenever a BITE is
annunci ated on a HAINS, the appropriate BITE word information is
i medi ately and permanently witten to EEPROM |In addition to
this, every three hours if a BITE has occurred in the previous
three hour cycle, additional information regarding the BITE and
IMJ status is then witten to EEPROM This additional
information is used during post flight analysis. The three hour
cycl e begins inmedi ately when the | MJ nodes to operate. This
addi tional information data is not required for post flight
analysis and is only highly desirable.

6.5.5.1.5 Pl at f or m Fai

Hardware BITE is incorporated on the Platform El ectronic (PE)
card to nonitor the status of the Platformfunctions. Interna
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software nmonitors Platformfunctions and records any failures.
The Pl atform BI TE provi des coverage of the foll owi ng functions:

0o Hardware BITE

G nmbal Loop BITE (azimuth & I R) PE1 Card 5Hz
19. 2 kHz Excitation Current (same as above)
Gyro Wheel Supply GAs Card 1 Hz
o Internal Software BITE
Sequencer Test PE1 Card Power - on
Pul se Accurul ator Overfl ow PE1 Card 100 Hz
DAL Regul ated Vol t ages PE1 Card 25 Hz
I nner Roll Reasonabl eness PE1 Card 25 Hz
o A/D Perfornmed BITE
1X/ 8X G nbal Angl e Conparison PE1 Card 25 Hz
M ssi ng Resol ver | nput PE1 Card 25 Hz

When any of the above BITE tests fail, bit seven of the | MJ Mdde
Status Wrd (Qutput Wrd 1) is set high. This results in an I MJ
Platform Fail BI TE annunci ati on (see Table 6- XXXVl in section
6.5.5.2.8.2).

6.5.5.1.5.1 G nmbal Loop

Har dware nonitors the proper operation of the Azinuth and I nner
Rol | ginbals through error signals fromthe X and Z gyro
preanplifier outputs. Wen the platformis functioning normally,
the ginbal loop nulls gyro errors. Should a mal function occur
that either inpedes or degrades the nulling action, an error
signal is generated. This error signal is detected by a detector
circuit whose output is then conpared to a reference voltage in
the conparator. |f the detector output exceeds the reference

vol tage, the conparator output enables a digital tiner. The
timer counts for a 125 ns interval, and should the indicated
fault condition hold the conparator input above the fai

threshold for a tinme greater than this period, the tinmer output
switches to logic "1" level. This signal sets the Platform Fai
discrete (DOR 2-4) . The internal software nonitors this
discrete at a 5 Hz rate, if this discrete is set the internal
software sets bit 11 of BITE Summary Wrd No. 2 and issues a PEl
Bl TE Reset discrete (DOR 1-0).

6.5.5.1.5.2 19.2 kHz Excitation Current

Hardware nonitors the current levels in the accel eroneter and
inner roll pickoff (19.2 kHz excitation) If the current drops
bel ow the threshold |l evel set in the conparator, the output of
the conparator enables a digital timer. The tinmer counts for a
125 msec interval and should the current remain bel ow the
threshold for a tine greater than the interval, the Platform

El ectronics No. 1 (PE1l) card output is switched to logic "0"
level, indicating that a Platform Fail (G nbal Loop) has
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occurred. The Platform Fail signal sets the Platform Fai
discrete (DOR 2-4) . The internal software nonitors this
discrete, if this discrete is set, the internal software sets bit
11 of BITE Summary Word No. 2 (G nbal Loop Fail) and issues a PEl
Bl TE Reset discrete (DOR 1-0), resetting the counter.

6.5.5.1.5.3 Gyro Wheel Supply (GAB)

The Gyro Wheel Supply (GAB) card contains BITE circuitry to
nmonitor the GAS phase-1ocked servo | oop which controls the speed
and the position (synchronization angle) of the induction notor
that drives the wheel of the gyros.

The GA8 BITE is inhibited until the D11 discrete is issued. The
Bl TE conpares the actual wheel speed of each gyro against the

sel ected reference frequencies, if a 90 degree phase difference
is detected on either gyro for four consecutive 0.27 second
sanmpling periods, the GAS Fail discrete (DIR 2-3) is set (logic
level "1" = fail). Internal software stores the failure in bit 7
of BITE Summary Wrd No. 1.

6.5.5.1.5.4 Sequencer Test

This test is performed once during IMJinitialization. The

i nternal software nmeasures the el apsed tinme between the issuance
of the logic reset, which enables the Platformstart-up sequence
and recei pt of the Sequencer discretes 9 (DIR 1-8) and D11 (DR
1-5) This test is aborted if the Sequencer Inhibit discrete (DR
1-9) is issued by the System Test Equi prent (external test
connector).

The internal software sanples the Sequencer Inhibit discrete at a
1 Hz rate and aborts the test if set. The internal software
nmeasures the elapsed tine for the setting of D9 and D11. |If
either the elapsed tinme for the setting of D9 exceeds 60 seconds
or D11 exceeds 107 seconds, the internal software stores a
sequencer test fail in bit 10 of BITE Summary Wrd No. 1.

6.5.5.1.5.5 Pul se Accunmul ator Overfl ow Test

Internal software tests the DAL accunul ators for overfl ow during
norrmal operation. The velocity pulses fromthe Pl atform

el ectronic card are counted 100 tines/second in the DAL pul se
accunmul ators on the 1/O card. Since the maxi num expected pul se
rate is 62,500 pps, the maxi mum pul se count received in any 10
nsec period is 625 pulses. The internal software checks the
upper 7 bits of each pulse accunul ator for a non-zero value. |If
any of the upper 8 bits are non-zero, the internal software
stores the fail condition, pulse accunulator overflow fail in bit
18 of BITE Summary Word No. 1

6.5.5.1.5.6 DAL Regul ated Vol t ages
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Internal software tests the three regul ated excitation voltages
for an out-of-specification condition. The three DAL regul ated
vol tages, +5 Vdc, +15 Vdc and -15 Vdc, are generated on the
Platform El ectronics No. 1 card and scal ed down for A/D
conversion (nmax DC input to AADis 10 Vdc) on the Platform

El ectronics No. 2 card. The internal software acquires the
digital representation of these voltages fromthe A/ D once every
40 nsec and checks that the voltages are within specification. If
any of the three voltages exceed their specified value by 5%the
internal software stores the fail condition, DAL regul ated
voltage fail, in bit 5 of BITE Sunmmary Wrd No. 1. The specified
vol tages are unique to each HAINS and are stored in the EEPROM

6.5.5.1.5.7 I nner Roll Reasonabl eness

The internal software verifies that the Inner Roll angle readout
is not greater than +/- 1 degree. This test is disabled by the

i nternal software, when the Platformis near or in the ginba

flip region. |If the angle exceeds 1 degree during performance of
this test, the internal software indicates the failure by setting
bit 8 of BITE Summary Wrd No. 2.

6.5.5.1.5.8 1X/ 8X G nbal Angle Conparison
The A/ D microprocessor perfornms a conparison of the 1X gi nbal
angle to the 8X ginbal angle for Azinmuth, Pitch, and Roll. This

conparison is perforned once every 40 nsec and if the differences
for the 1X/ 8X exceeds 0.7 degree, the A/Dindicates the failure
by setting bit 8, 9, or 10 of the internal A/D BITE status word
for Azinmuth, Pitch, or Roll, respectively. Upon receipt of a
fail indicator, the internal software adds 5 degrees to the
failed 1X angle and sets bit 12 of BITE Summary Word No. 2.

6.5.5.1.5.9 M ssi ng Resol ver |nputs

The A/D mi croprocessor checks that the SIN and COS val ues for
each of the resolver inputs are not below 0.707. If this
condition occurs, the AADwi Il set appropriate bits in the
internal A/D BITE status word. Upon receipt of a fail

i ndication, the internal software sets bit 12 of BI TE Summary
Word No. 2.

6.5.5.1.6 Di gital Subsystem Fai l

The Digital Subsystem BI TE provi des coverage of the follow ng
functi ons:
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o] Software BITE
Pul se Accumul at or I/O Card Power - on
DOR W apar ound I/0O Card 25 Hz
MIU Tag Ti mer I/0O Card 25Hz
CPU I nstruction Test CPU Card 1 Hz
Fl oati ng Point/Divide by Zero CPU Card 25Hz
Arithmetic Floating Pt Overfl ow CPU Card 25 Hz
Square Root of a Negative # CPU Card 25 Hz
RAM Pattern Test Menory Card  Power-on
EEPROM Checksum Menory Card  Power-on
PROM Checksum Menory Card 1 Hz
0 Hardware BITE

Multiple Bit Error Menory Card 25 Hz
Menory Error Correction Circuit Menory Card  Power-on

When any of the above BITE tests fail, bit eight of the | MJ Mde
Status Wrd (Qutput Wrd 1) is set high. This results in an I MJ
Di gital Subsystem Fail BITE annunci ation (see Table 6- XXXVl in
section 6.5.5.2.8.2).

6.5.5.1.6.1 Pul se Accurul ator Test (SPULTST)

The six 16-bit pul se accunul ators which accept increnental
velocity outputs are tested for fixed values of positive and
negative counts. At power turn-on, after Logic Reset (LR) goes
hi gh, the pul se accurmul ators are placed in the test node all owi ng
the OFP to sinulate the transmi ssion of velocity pulses to the
pul se accumul ator. Internal software (SPULTST) issues a nenory
mapped |1/ O instruction which causes each of the pul se accumul at or
registers to increment by one count. Repeated execution of this

i nstruction causes additional counts to be increnented to the
maxi num al | owabl e count of 65,535 pulses. added in the counters.
Internal software then issues a DAL read snapshot (DOR2-1)
causi ng the accunulators to go to an operational node and to read
the DAL accumul ator registers. A conparison of the DAL pul se
count agai nst the expected sum (>65,535 pulses) is then nade. |If
the test fails (expected sum DAL pul se count) internal software
stores the failure condition, sets the pulse accunul ator fai

bit, bit 8 of BITE Summary Wrd No. 1. This test is perforned
once only at HAINS power on.

6.5.5.1.6.2 DOR W apar ound BI TE

A DOR output discrete is wapped around to an input discrete
(DIR) to be interrogated by internal software. This waparound
test determines the proper decoding of nenory mapped addresses
and the functioning of the DOR and DIR registers. |If a bit
failure for this discrete occurs, internal software issues an I/O
fail discrete (DOR 1-10) and stores the failure condition by
setting bit 6 of BITE Summary Wrd No. 2.
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6.5.5.1.6.3 MUX Tag Ti mer Goodness

Every 40 nsec, the internal software reads the val ue of the MJX
Tag Tinmer fromthe nmenory mapped 1/O location. The interna
software conpares two successive readings fromthe data at that
location. If there is no difference between the two tag timer

val ues, internal software sets bit 10 of BITE Summary Word No. 2.

6.5.5.1.6.4 CPU I nstruction Test
Once per second, the internal software perfornms a functiona
instruction test to check the CPU mcrocode. |If the test fails,

the internal software stores the failure condition in bit 16 of
BITE Summary No. 1, and issues a CPU card fail discrete (DOR 1-
2). Upon receipt of this discrete, the I1/O card sets the Digita
Subsystem Good to its fal se state.

6.5.5.1.6.5 CPU Sof tware Traps

The operating system of the HAINS CPU provides trap | ocations
whi ch detect and handle internal error conditions. The traps
detect the occurrence of the following errors:

o Floating Point Divide-By-Zero
o Arithmetic Floating Point Overflow
0 Square Root of a Negative Nunber

The operating systemsets the appropriate bits in a trap word
whenever any of these error conditions are detected. The

i nternal software sanples the trap word once every 40 nmsec, if an
error condition is detected, the internal software sets
Arithmetic Floating Point Overflow, Floating Point Divide-By-Zero
or Sguare Root of a Negative Nunber as appropriate (Bl TE Summary
Wrd 1 - bit 6, BITE Summary Wird 1 - bit 19, BITE Sunmary Word 2
- bit 19, respectively).

6.5.5.1.6.6 RAM Pattern Test (RSTART)

This internal software BITE tests the proper operation of all the
RAM and associated circuitry of the Menory Crcuit Card Assenbly.
This routine is the first internal software BI TE executed and is
perforned as part of the OFP start-up code. The interna

software tests all nmenory RAM bits for both "1" and "0" states
once at Power turn-on. |f this bit pattern test fails or the
error detection and correction circuit indicates an error,
internal software sets bit 17 of BITE Sunmary W rd No. 1.

6- 144



SHUTTLE ORIG K. Dunn I MJ
GN\C/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0
6.5.5.1.6.7 EEPROM Checksum Test (XINIT)

A conparison of the EEPROM checksumis perforned during the
variable initialization routine (XINIT). The XINIT routine reads
out the Tag contents of EEPROM and stores the information into
RAM  Fol | owi ng the downl oadi ng of the system Tag constants from
nonvol atile (EEPROM nenory to RAM the internal software adds up
all the values and obtains a checksum The checksum obt ai ned
foll owi ng downl coading is then conpared to the checksum val ue
generated and stored in EEPROM wi th the Tag constants. |[|f these
val ues do not match or the EDC has detected an error, the Tag
constants will be downl oaded and the checksum perforned again.
The failure of this test results in the setting of bit 11 of BITE
Summary Word No. 1.

6.5.5.1.6.8 PROM Checksum
The internal software perforns a checksum on the progran data
stored in PROM every second. |If the internal software detects a

m sconpari son between the stored checksum and the cal cul at ed
checksum it sets bit 11 of BITE Summary Word No. 1.

6.5.5.1.6.9 Multiply Bit Error

Bl TE hardware on the nenory board detects and corrects single bit
nmenory errors and detects multiple nmenory bit errors. The nenory
bit error detection circuitry checks the nenory for errors every

time the nenory is accessed. |If the circuitry detects a multiple
bit error, both the Single Bit Error (SBE) discrete (DR 1-14)
and the Multiple Bit Error (MBE) discrete (DIR 1-15) is set. |If

a single bit error is detected, only the SBE discrete (DIR 1-14)
is set. The internal software sanples both discretes at a rate
of 25 Hz, if both discretes are set the internal software sets
bit 4 of BITE Summary Wrd No. 1. |If the SBE (DIR 1-14) is set,
the internal software updates the single bit error counter, which
is stored in nonvolatile nenory at a three hour interval

Foll owi ng the detection of a fail indication (Miultiple Bit or
Single Bit Error), the internal software clears the discretes by
i ssuing a reset.

6.5.5.1.6.10 Menory Error Detection and Correction Self-Test

The internal software tests the Error Detection and Correction
(EDC) circuit during systeminitialization. The interna
software induces a series of single bit errors and doubl e bit
errors in a RAM |l ocation and verifies that single bit errors are
detected and corrected and that the double bit errors are
detected. |f the EDC does not respond properly to any of the

i nternal software induced errors, the internal software disables
the EDC function and sets bit 13 of BITE Summary Wrd No. 2.
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6.5.5.1.7 DC/ DC Fai |

The DO/ DC Fail BITE nonitors the follow ng function:
o DC/DC DC/ DC Car d (25 Hz)

When the above BITE test fails, bit nine of the | MJ Mode St at us
Wrd (Qutput Word 1) is set high. This results in an | MJ DO/ DC
Fail BITE annunci ation (see Table 6-XXXVI in section
6.5.5.2.8.2).

6.5.5.1.7.1 DC/ DC

Hardware nonitors the regul ation of the DC out put voltages -5
Vdc, +/-15 Vvdc, +/-19 Vdc, and perforns a gross frequency check
on the 1.2288 Mz clock. |f an out-of-voltage condition exists
or the clock stops, the hardware issues a Power Supply Fail
discrete to the I/Ocard (DR 2-9). The out-of-voltage condition
exi sts when the DC vol tages exceed +/- 10% about their
regulation. The internal software reads the DGO/ DC Fail discrete
and sets bit 13 of BITE Summary Word No. 1.

6.5.5.1.8 Di screte Power Supply Fail

The Discrete Power Supply Fail BITE nonitors the foll ow ng
function:

o Discrete Power Supply | PC Card (25 Hz)

When the above BITE test fails, bit ten of the | MJ Mode Status
Wrd (Qutput Word 1) is set high. This results in an IMJ

Di screte Power Supply Fail BITE annunci ati on (see Tabl e 6- XXXVI
in section 6.5.5.2.8.2).

6.5.5.1.8.1 Di screte Power Supply

The | PC card generates a separate (isolated) 5 Vdc which is used
to power the Qutput Discretes. The 5 Vdc isolated is nonitored
by hardware for an out-of-voltage condition. |If an out-of-

vol tage condition exists, the hardware i ssues a Discrete Power
Supply Fail discrete to the I/O card. The out-of-voltage
condition exists when the 5 Vdc isol ated exceeds +/- 10% of the
regul ated value. The internal software sanples the Discrete
Power Supply Fail discrete and if it indicates a failure it sets
bit 14 of BITE Sunmary Wrd No. 1.

6.5.5.1.9 Resol ver Fail

The Resolver Fail BITE nonitors the follow ng function:
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o 7 Vac Resol ver | PC Card 25 Hz

When the above BITE test fails, bit 11 of the | MJ Mode Status
Wrd (Qutput Word 1) is set high. This results in an I MJ
Resol ver Fail BITE annunci ati on (see Table 6- XXXVl in section
6.5.5.2.8.2).

6.5.5.1.9.1 Resol ver Excitation Fail

The I PC card generates the 7 Vac signal which is used as the
excitation for the resolvers. The 7 Vac is nonitored for either
an out-of-voltage or an out-of-current condition. |If an out-of-
voltage or current condition exists, the hardware issues a

Resol ver Excitation Fail discrete to the I/O card. The out-of-
vol tage condition exists when the 7 Vac exceeds +/- 11% about its
regul ation. The out-of-current condition exists when the 7 Vac
current either exceeds 350 mA or falls below 150 mA. The
internal software sanples the Resolver Excitation Fail discrete
and if it indicates a failure, sets bit 15 of BI TE Summary Wrd
No. 1.

6.5.5.1.10 Crcuit Card Qvertenp

The Circuit Card Overtenp BITE nonitors the follow ng function
o Circuit Card Overtenp PE1 Card 1 Hz

When the above BITE test fails, bit 12 of the | MJ Mode St at us
Wrd (Qutput Wrd 1) is set high. This results in an IMJ Circuit
Card Overtenp BI TE annunci ati on (see Table 6- XXXVl in section
6.5.5.2.8.2).

6.5.5.1.10.1 Circuit Card Over-tenperature

A tenperature sensing circuit nonitors the HAINS circuit cards
conti nuously for an over-tenperature condition. The circuit
consists of a tenperature sensor |ocated on the PE No. 1 card.
The tenperature sensor voltage output is converted by the A/D
converter card into a digital word. The internal software
determines if the neasured tenperature has exceeded either the
Upper or Lower tenperature limt. The linmts are stored as Tag
constants in EEPROM In the event that a tenperature problem
exists, the internal software stores the failure condition in bit
12 of BITE Summary Word No. 1.

6.5.5.1.11 Wat chdog Ti ner Fai l

The Watchdog Tinmer Fail BITE nonitors the followi ng function

o Watchdog Ti ner I/0O Card 1 Hz
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The signal generated as a result of CPU Watchdog Ti ner overfl ow
is provided off-card, to the MJUX card, to generate a fal se
i ndication of the HAINS Good (BITE/ Status Wrd bit 4 = 0).

6.5.5.1.11.1 CPU Wat chdog Ti ner

CPU operation is nonitored by a CPU watchdog tinmer |ocated on the
/O card. The internal software prevents overflow by resetting
the tinmer once a second. The watchdog tiner check is inhibited
when the OFP detects an 1/O or Menory failure to prevent an
erroneous CPU failure flag. |If the tinmer overflows, a CPU

Wat chdog Tiner fail generates a CPU fail flag, causes the 1/0
card hardware to i ssue a Subsystem Fail (SSFAIL) |atched
condition and inhibits the CPU. This Subsystem Fail signal sets
the hardware Digital Subsystem Good to its false state resulting
in the setting of the HAINS Good bit to a false state (see Figure
6- 37) .

NOTE: This is the only fail which only sets the HAINS Good bit.

N
MUX GOOD*
A/D GOOD* BITE SUM |
PLATFORM GOOD* GOOD*
DIGITAL SUBSYSTEM GOOD* | (DOR 1°5) |
DC/DC GOOD* |
DISC PWR SUPPLY GOOD#*
RX GOOD* ! HAINS GOOD
CPU/MUX TEMP GOOD*
J ' (OUTPUT WD No. 1)
| BIT 4
DIGITAL I
\L SUBSYSTEM | N P
GOOD** %
CPU WATCHDOG TIMER#** | CONTROLLED
j BY THE MUX
| CARD

* Generated by software
*# Generated by hardware

FI GURE 6-37, HAINS GOOD BI' T FUNCTI ONAL FLOW

6.5.5.1.12 Transm ssion Wrd 1 Fail

The transmission word 1 fail is set when the 1/0O el ectronics
detects a failure of parity, gap, or Manchester coding in the
first GPC command word (torqui ng commands) received by the | MJ
each transnit cycle. This BITE will cause the PASS to down node
the affected IMJin a dilemmua situation.
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For a real BITE, the IMJw Il not process the commanded pul se
torquing issued by the GPC. This will result in the IMJdrifting
at its unconpensated rate. |If the BITEis transient, the GPC
will continue to reissue the commanded pul se torqui ng until
processed by the IMJ, ultimately resulting in no perfornmance

degr adati on.

If the BITEis false, the IMJw Il process the commanded pul se
torquing issued by the GPC. However, the GPC will reissue the
pul se torque comrand causing the IMJto msalign very rapidly,
have a high redundant rate, and fail attitude RM

6.5.5.1.13 Transm ssion Wrd 2 Fail

The transm ssion word 2 fail is set when the |/O el ectronics
detects a failure of parity, gap, or Manchester coding in the
second GPC command word (sl ew commands) as received by the | MJ.
This BITE will cause the PASS to down node the affected IMJin a
di | emma situation.

For a real BITE, the IMJw Il not process the comanded sl ew
issued by the GPC. This will result in the IMJ effectively being
no-oped for IMJto IMJ alignnents. |If the BITEis transient, the
IMJ will process the commanded slew after the BITE is cl eared,
ultinmately resulting in no performance degradati on.

If the BITEis false, the IMJw ||l process the conmanded sl ew
i ssued by the GPC and there will be no inpact on | MJ operation.

6.5.5.1.14 Communi cati on Good

The comunication fromthe HAINS to the MDMis nonitored for
proper serial data request/transfer. The false state of this

di screte indicates that an error condition has been detected with
the MDM i ssued discrete during the Message-In serial data
transfer fromthe HAINS to the MDM This discrete is issued by
the MJUX card. Since this discrete used to indicate Pressure Good
on the old KT-70 IMJs, it is not used by Orbiter GPC Redundancy
Managenent (RM software.

6.5.5.1.15 Pl atform Tenp Ready Fail

The PlatformEl ectronic No. 2 Card contains the three Tenperature
Control Amplifiers (TCA), that together with associ ated heater
and tenperature sensors, maintain the platformat constant
tenperature. The BITE associated with this SRU consi sts of
tenperature sensors that nonitor the platformfor both an over-
tenperature and under-tenperature condition. The pass/fail
indications fromthis BITE are sent out as output discretes,

Pl atf orm Tenperature Safe and Pl atform Tenper at ure Ready.
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The Vertical gyro and Azinuth gyro tenperature are nonitored.
When the tenperature of the Vertical gyro exceeds 146.5 deg F
plus or mnus 3 deg F and when the tenperature of the Azinmuth
gyro exceeds 150 deg F plus of minus 3 deg F, the discrete is set
toits true state. This discrete is issued by the PE No. 2 card.

6.5.5.1.16 Pl at form Tenp Safe Fai

The PlatformEl ectronic No. 2 Card contains the three Tenperature
Control Amplifiers (TCA), that together with associated heater
and tenperature sensors, maintain the platformat constant
tenperature. The BI TE associated with this SRU consi sts of
tenperature sensors that nonitor the platformfor both an over-
tenperature and under-tenperature condition. The pass/fail
indications fromthis BITE are sent out as output discretes,

Pl at f orm Tenperature Safe and Pl atf orm Tenper at ure Ready.

The Vertical gyro tenperature is nonitored to detect a safe
tenperature condition. The discrete is issued in its true state
when the Vertical gyro tenperature is below 156.5 deg F plus or
mnus 3 deg F. This discrete is issued by the PE No. 2 card.

6.5.5.1.17 Tenp Ready Fai

This discrete is set to its true state (+5 Vdc) and not changed.
The Tenperature Ready and Tenperature Safe signals are issued by
the MUX card through a pull-up resistor to the +5 isol ated
supply. These two discretes are not used operationally and are
provided for conpatibility to the KT-70 system

6.5.5.1.18 Tenp Safe Fail

This discrete is set to its true state (+5 Vdc) and not changed.
The Tenperature Ready and Tenperature Safe signals are issued by
the MJUX card through a pull-up resistor to the +5 isol ated
supply. These two discretes are not used operationally and are
provided for conpatibility to the KT-70 system

6.5.5.2 Sof t war e Bl TEs

The information transmitted to the GPC by the IMJ is used not
only for attitude and acceleration data, but it is also used to
performcertain tests indicating the health of the IMJ The
software uses these tests in conjunction with the above hardware
BITE to provide assurance that greater than 95 percent of the
hardware failures are covered by BITE. Hardware BI TE detects
only 80 percent of the possible failures.
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Sof t war e- ai ded BI TE consi sts of seven separate signhals, each of
whi ch is di scussed bel ow.

6.5.5.2.1 Redundant Rate Fai

If the conpensated and filtered redundant axis rate exceeds 0.7
deg/hr, this flag is set.

6.5.5.2.2 Inner Roll Null Fail

The inner roll ginbal is normally kept near 0°. |If the angle is

outside the range of £3°, this flag is set.

6.5.5.2.3 Resolver Limt Fai

The software perfornms a reasonabl eness test on the outer roll
pitch, and azimuth resolver angles. The 1X resolver angle for
each axis is conpared with the conputed angle for each axis (the
resol ver offset, which is included in the conputed angle, is
renoved prior to the conparison test). |If the difference between
the 1X and conput ed angl es exceeds a previously conputed linmt,
the resolver limt fail flag is set. The limt is conmputed by
adding a rate of change factor to a constant linmt value (1°).
The rate of change factor is conmputed by dividing the rate of
change of a conputed ginbal angle by the rate of processing of
the ginbal data. Unless fairly rapid maneuvers are occurring,
this limt is normally close to 1°.

6.5.5.2. 4 Velocity Limt Fai

The velocity Iimt test actually consists of two tests, an
overlimt test and an underlint test. The underlinmt test first
fornms a nornmalized acceleration for each of the three IMJs. |If
on the previous cycle at least two normalized accel erations

exceed 1.93 ft/sec2, if on the present cycle one or nore of the
normal i zed accel erations exceeds 1.93 ft/sec? ,and one and only

one | MJ has a normalized accel eration of less than 1.61 ft/sec?
in the present cycle, the velocity Iimt fail BITE signal is set
for that IMJ. The velocity overlimt test nerely conpares the
neasured DV for each IMJto a defined linmit. |If thelint is
excluded, the velocity Iimt fail signal is set to one. The
limt for the overlimt test in the [owgain node at a 6.25 Hz
processing rate is 720 velocity pul ses, which equates to an
acceleration of 4.89g. At a 1.04 Hz rate, the linmt is 4300

pul ses, corresponding to the sanme g-|evel.

6- 151



SHUTTLE ORIG K. Dunn | MJ
GN\C/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0
6.5.5.2.5 Echo 1 Fai

This test is a |oop back of input word no. 1. The IMJ
retransmits input word no. 1 as output word no. 13 (echo word).
If the two words are not identical, this signal is set to one.

6.5.5.2.6 Echo 2 Fai

This signal is the same as the fail echo one except input word 2
and out put word 14 are conpared.

6.5.5.2.7 Accel eronet er Scal e Factor Fai

The software checks the accel eroneter/CAPRI gain bit of output
word no. 1. If the bit is not the same as the last transmtted
gain setting, this BITE signal is set to one. |In other words, if
the IMJw Il not node to the gain setting requested by the GPC
this BITE is set.

6.5.5.2.8 Fail ure I ndications

The HAINS BI TE provides two types of operational failure
i ndi cations:

0 Hardwired Qutput Discretes
o A Serial Digital Qutput BITE/ Status Wrd
(Qutput Wrd No. 1)

In addition, several discrete signals are available via the J4
test connector for fault isolation.

6.5.5.2.8.1 Di screte Inputs

This section describes both the input and out put systeml evel

di scretes. These discretes are issued via the J2 connector, and

provide indications of HAINS status and BITE. Al these

di scretes (except for Tenperature Ready and Tenperature Safe) are
optically isolated from +28V filter ground and are referenced to

+5V i sol at ed ground.

Oper at e Mode ( Conmand)

The presence of this discrete input to the HAINS (true state)
causes the HAINS to be fully powered and operable. The absence
of this discrete (false state) for a period in excess of 15.0
seconds, while plus 28 Vdc is applied causes the HAINS to go into
t he Warm up/ St andby node, with only the heaters, tenperature
control, and associated BITE circuitry operable. If this
discrete is absent for |ess than 4 seconds, the HAINS remains in
its Operate node. This discrete is received by the I PC card and
optically isolated.
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6.5.5.2.8.1 Di screte Qutputs

The HAINS provides a total of seven output discretes, which
provi de continuous systemstatus information. These discretes
are transmtted over the HAINS J2 connector. The out put

di scretes and their functions are as follows:

In-Operate Mode - The true state of this discrete indicates that
the HAINS has received the Operate Mbode command di screte fromthe
GPC and is fully powered and operational .

The output circuitry for this discrete is on the Platform

El ectronic Card No. 2 (PE2) and is generated follow ng the
recei pt of the Qperate Mode command di screte and the Platform
Sequence D11 discrete. The false state of this discrete
indicates that the HAINS is in the Standby Mdde or is powered-
down. The nornal signal characteristics of this discrete are
shown bel ow:

HAI NS MODE STATE*
St andby Fal se
Qperate True

*Positive logic is used; True is +5 Vdc.

This discrete goes true nomnally 90 seconds after receipt of the
Operate Mode command di screte fromthe GPC

The true state of this discrete output fromthe HAINS indi cates
that the HAINS has received the Operate Mdde command di screte
input and is fully powered and operable. The false state of this
discrete indicates that the HAINS is in the Warm up/ St andby node
or is powered down. This discrete is issued by the PE No. 2 card.

Pl atform Tenperature Safe Discrete - The true state of this
discrete indicates that the Platformtenperature is within a safe
tenperature range, nominally below 156.5 deg F plus or mnus 3
deg F. The circuitry for this discrete is located within the
Platformand on the PE No. 2 card. This discrete goes to a fal se
st at e whenever the Vertical gyro tenperature exceeds 156.5 deg F
plus or minus 3 deg F, regardl ess of the HAI NS node.

Pl atf orm Tenperature Ready Discrete - The tenperature of the
gyros is nmonitored by circuitry located within the Pl atform and
on the PE No. 2 card. The true state of this discrete indicates
that the tenperature of the gyros have exceeded a noni na
tenperature of 146.5 deg F plus or nminus 3 deg F for the Vertica
gyro and 150 deg F plus or nminus 3 deg F for the Azimuth gyro.
The output circuitry for this discrete is located on the PE No. 2
card. This discrete remains false, followi ng the application of
28 Vdc, until the tenperature of the Vertical and Azimuth gyros
reaches the specified range.

Tenperature Ready Discrete - This discrete is set to its true
state following the application of 28 Vdc to the HAINS and does
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not change. The output circuitry for this discrete is |ocated on
the Multiplexer Terminal Unit (MU or MJUX) card. This discrete
does not provide any nonitoring of HAINS functions, but is
required for transparency of KT-70/GPC interface.

Tenperature Safe Discrete - This discrete is set to its true
state following the application of 28 Vdc to the HAINS and does
not change. The output circuitry for this discrete is |ocated on
the MUX card. The nornal signal characteristics for this
discrete is the sane as the Tenperature Ready di screte shown
above. This discrete does not provide any nonitoring of HAINS
functions, but is required for transparency of KT-70/ GPC

i nterface.

Communi cati ons Good Di screte - The conmunications fromthe GPC to
the HAINS via the MDMis nonitored by circuitry | ocated on the
MJUX. The true state of this discrete indicates that the timng
gap between the Message-In discrete and/or the Wrd discretes is
within specified limts. The false state of this discrete
indicates that the tining gap between the Message-In discrete
and/ or Wird di scretes has exceeded specified value. The MJX al so
sets this discrete to its false state whenever the MIXX is
commanded by the test equipnent into its Auto Diagnostic Mde or
t he System Anal yzer MJX Mode (SAMM. This discrete goes false
during in-flight operations only when an error is detected during
a Message-In Transm ssion Sequence. The output circuitry for
this card is located on the MJX card.

HAI NS Good Discrete (not used in-flight) - The true state of this
di screte indicates that the HAINS BI TE has not detected any
system abnornalities or failures. This discrete results fromthe
suming of all the BITE indications on the Input/Qutput (1/0
card. This discrete goes false only in the Qperate Mdyde when the
HAI NS Bl TE detects a failure. The output circuitry for this
discrete is located on the PE No. 2 card. This discrete is used
for ground testing purposes only and is not used in flight. It
shoul d not be confused with the HAINS Good bit in the serial

out put BITE/ Status Word (Qut put Word 1).

The true state (one) of this discrete indicates the BITE circuits
have not detected an internal fail condition. This discrete is
used for ground testing purposes only and is not used in flight.
It should not be confused with the HAINS Good bit in the serial
out put BITE/ Status Word (Qut put Word 1).

The BITE signals are logically ANDed on the I/O card. The result

is sent to the PE No. 2 card where it is optically isolated and
i ssued.
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6.5.5.2.8.2 Serial Qutput BITE Status Wrd

The HAINS transnmits a BITE/ Status Wrd as Serial Qutput Wrd No.
1 which provides an overall systemstatus. This word is
available at a maximnumrate of 25 tinmes a second to the GPC. The
Serial Qutput BITE Status Wrd is shown in Table 6-XXVI in
section 6.4.1.4.

This word is generated by the internal software and is a

conmbi nation of all the different BITE functions, a total of 34
checks. The HAINS BITE is conprised of firmare/hardware
perfornmed on individual cards, and internal software Bl TE
perforned in the CPU. Al the firmware/ hardware detected
failures are sent to the CPU (internal software) for processing
either as hardwired discretes, via the I/Ocard, or as a digital
status word, via the Menory card. A listing of all the input
BITE signals to the internal software is given in Table 6- XXXV.
The internal software then sanples the input signals and perforns
its own functional checks and the results of these are conbi ned
to formbits 5 through 12 of the Serial Qutput Wrd No. 1.

The HAINS Good bit of the BITE/ Status Wrd is not set directly by
the internal software, it is set by the MJUX using inputs fromthe
i nternal software and hardware. The internal software provides a
discrete to the MJX which indicates the status of all the BITE
routines (BITE Sum Good) .

A digital hardware tinmer which is |located on the I/0O card
nmonitors the proper execution of the Orbiter Flight Program (OFP)
by the CPU. The timer will overflowin the event of a failure
whi ch disrupts the OFP execution, resulting in the transmn ssion
of a fail indication to the MJX card (Digital Subsystem Good).
The MUX uses the BI TE Sum Good and Digital Subsystem Good to set
the HAINS Good bit (shown in Figure 6-37 in section
6.5.5.1.11.1).

The MUX acquires the first Serial Qutput Wrd froma nenory

[ ocation in the nmenory card follow ng the conpletion of the
transni ssion of the fourteen or sixteen output words (Message-In
cycle) and updates and then stores it in both its output data
regi ster and the next consecutive nenory |location in the nenory
card. |If a Message-Qut discrete is received next, then the MJX
will update the Transmi ssion Wrd No. 1 Fail, Transm ssion Wrd
No. 2 Fail, and HAINS Good bits in the first Serial CQutput Wrd
as required. The MJX updates the HAINS Good bit by logically
ANDi ng bit O of the consecutive nenory |ocation and the BI TE Sum
Fail discrete. Upon receipt of the Message-In discrete the MIX
transmts the first Serial Qutput Wrd which had been previously
(stored in its output data register.

This net hod of updating the first Serial Qutput Word results in a

stal eness of the first Serial Qutput Wrd which is equal to
either the tinme between Message-In cycles or the tinme between the
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Message- Qut cycle and the Message-In cycle, whichever tine is
smal | er.

CGeneral descriptions of HAINS failures are mapped to the

BI TE/ Status Wrd (Qutput Wird 1) bits in Table 6-XXVI in section
6.4.1.4. Shown in Table 6-XXXVI is the bit napping of the

i ndividual HAINS BITE failures to the BI TE/ Status Wrd (CQut put
Wrd 1) and BI TE Summary Wrds 1 and 2 (Qutput Wrds 15 and 16,
not used by Orbiter GPC).
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S| GNAL SOURCE FUNCTI ON LATCH STATUS*
RESOLVER EXCI TATI ON I NPUT PONER 7 VAC CURRENT OR NOT LATCHED
FAI L CONDI TI ONER VOLTAGE

(1 PC OQUT OF SPEC
CRCU T CARD MUX CPU OR MUX CARD NOT LATCHED
OVERTEMP OVERTEMP
MIU FAI L MUX TRANSM SSI ON OF DVA RESET VI A
REQUEST MEMORY NVAPPED
I NSTRUCTI ON
DVA GRANT FAI L MUX DVA GRANT NOT RESET VI A
RECEI VED MEMORY MAPPED
I NSTRUCTI ON
DVA PARALLEL FAI L MJX VI A THE TOGGLI NG | MJUX/ DVA TRANSM SSI ON | RESET VI A
OF MIU FAI L AND DVA CHECK FAI LURE MEMORY MAPPED
GRANT FAI L I NSTRUCTI ON
SINGLE BI T ERROR MEMORY SINGLE BI T ERROR RESET VI A DOR
DETECTED
MJULTI PLE BI T ERRORS MEMORY MJULTI PLE BI T ERROR RESET VI A DOR

DETECTED

GA5 FAI L

GYRO WHEEL SUPPLY

GYRO WHEEL SPEED

RESET VI A DOR

(GWB) ERROR
PLATFORM FAI L PLATFORM ELEC. NO. 1 | PLATFORM FAl LURE RESET VI A DOR
(PE 1) DETECTED
DI SCRETE POVER T PC +5 VDC 1 SOLATED NOT LATCHED
SUPPLY FAI L VOLTAGE
OQUT OF SPEC
DG/ DC FAI L DG/ DC DC REGULATED NOT LATCHED
VOLTAGES OUT
OF SPEC OR CLOCK
FAI L
ATD BITE STATUS WORD | A D FAT LURE DETECTED NOT LATCHED
DURI NG
A/D Bl TE TESTS
SUBSYSTEM FAI L DG TAL 170 CPU, WATCHDOG TINER | CPU WATCHDOG
OVERFLOW TI MER RESET
END- AROUND MUX VIA MOX VALIDITY | BIT WRAP M S-VERI FY | RESET W EACH
TRANSM SSI ON FL WORD DURI NG MESSAGE | N MESSAGE | N

DATA TRANSFER

TRANSM SSI ON

TRANSM SSI ON VWORD 1
FAI L

MUX VI A MUX VALI DI TY
WORD

TRANSM SSI ON ERROR

RESET W EACH
MESSAGE | N
TRANSM SSI ON

TRANSM SSI ON WORD 2
FAI L

MUX VI A MUX VALI DI TY
WORD

TRANSM SSI ON ERROR

RESET W EACH
MESSAGE
TRANSM SSI ON

NOTES:

* REFERS TO LATCHI NG AND RESETTI NG ON SOURCE CARD.

DOR - DI SCRETE QUTPUT REGQ STER
DVA - DI RECT MEMORY ADDRESS

MIU, MUX -

TABLE 6- XXXV,

MULTI PLEX TERM NAL UNI T

Bl TE | NPUTS TO HAI NS | NTERNAL SOFTWARE

6- 157




SHUTTLE ORIG K. Dunn I MJ
GNC/ JSC- 18863 7/ 26/ 2007: FI NAL, PCN- 1 SB 6.0
BITE
BI TE TEST/ SI GNAL SOURCE SRU RATE* Bl TE/ STATUS WORD BI TE-BI T SET | SUMMVARY
WORD-
BI T SET
MUX START- UP MUX & VUX ONCE AT MIX FAIL-BI T 5 2-14
(MTUE LATCH) SOFTWARE PONER- ON
DVA PARALLEL MUX VUX 25 IZ MIX FAIL-BI T 5 2-18
(DMPF LATCH)
DVA GRANT VUX VUX 25 2 MIX FAIL-BI T 5 1-9
(DMGF LATCH)
DVA REQUEST MUX VUX 25 IZ MIX FAIL-BI T 5 2-9
(MTUE LATCH)
END- AROUND MUX VUX PERFORVED | MUX FAIL-BI T 5 2-17
TRANSM SSI ON @ MESSAGE
I'N
G MBAL ANGLE SOFTWARE | A D 100 HZ ANDFAL-BIT6 2-4
CHECKSUM
DC CHANNEL ACCURACY | SOFTWARE | A D 25 7 ANDFAL-BIT6 2-16
AC CHANNEL ACCURACY | SOFTWARE | A D 25 IZ ANDFAIL-BIT 6 2-15
ATD TEST ATD AID 25 7 ANDFAL-BIT6 2-7
A D | NTERRUPT SOFTWARE | A/ D 25 IZ ANDFAIL-BIT 6 2-5
SEQUENCER SOFTWARE | PEL ONCE AT PLATFORM FAIL-BI T 7 1-10
POVER- ON
PULSE ACCUMULATOR SOFTWARE | PEL 100 HZ PLATFORM FAIL-BI T 7 1-18
OVERFLOW
GYRO WHEEL SUPPLY [€l3 GG 1z PLATFORM FAIL-BI T 7 1-7
G NBAL LOOP PEL PEL 5 HZ PLATFORM FAIL-BI T 7 2-11
DAL REGULATED SOFTWARE | PEL 25 1z PLATFORM FAIL-BI T 7 1-5
VOLTAGES
ATD M SSING ATD PEL 25 17 PLATFORM FAIL-BI T 7 2-12
RESOLVER | NPUT
TNNER ROLL SOFTWARE | PEL 25 17 PLATFORM FAIL-BI T 7 2-8
REASONABL ENESS
IXI 8X ANGLE SOFTWARE | PEL 25 17 PLATFORM FAIL-BI T 7 2-12
COVPARI SON
PULSE ACCUMULATOR SOFTWARE | 170 ONCE AT Dl G TAL SUBSYSTEM FAIL-BI T 8 1-8
PONER- ON
DOR WRAPAROUND SOFTWARE | 170 25 7 Dl G TAL SUBSYSTEM FAIL-BI T 8 2-6
MIU TAG TI NER SOFTWARE | 170 25 IZ DI G TAL SUBSYSTEM FAIL-BI T 8 2-10
RAM PATTERN SOFTWARE | MEMORY | ONCE AT Dl G TAL SUBSYSTEM FAIL-BI T 8 1-17
PONER- ON
NULTI PLE BI T ERROR | MEMORY NVEMORY | 25 FHZ Dl G TAL SUBSYSTEM FAIL-BI T 8 1-4
VEMORY ERROR NENORY VEVORY | ONCE AT DI G TAL SUBSYSTEM FAIL-BI T 8 2-13
CORRECTI ON Cl RCUI T PONER- ON
CPU T NSTRUCTT ON SOFTWARE | CPU (=74 DI G TAL SUBSYSTEM FAIL-BI T 8 1-16
TEST
FLOATI NG PO NT SOFTWARE | CPU 25 IZ DI G TAL SUBSYSTEM FAIL-BI T 8 1-19
DI VI DE BY ZERO
AR THVETI C FLOATI NG | SCFTVARE | CPU 25 IZ DI G TAL SUBSYSTEM FAIL-BI T 8 1-6
PO NT OVERFLOW
SQUARE ROOT OF A SOFTWARE | CPU 25 IZ DI G TAL SUBSYSTEM FAIL-BI T 8 2-19
NEGATI VE NUMBER
EEPROM CHECKSUM SOFTWARE | NEMORY | ONCE AT DI G TAL SUBSYSTEM FAIL-BI T 8 1-11
PONER- ON
PROM CHECKSUM SOFTWARE | NEMORY | 1 FZ DI G TAL SUBSYSTEM FAIL-BI T 8 1-11
DC DC DG BC DU DC | 25 HZ DU DC FAIL-BIT 9 1-13
DI SCRETE PVR SPLY TPC TPC 25 IZ DI SCRETE PVWR SUPPLY FL-BI T 10 1-14
7 VAC RESOLVER TPC TPC 25 17 RX FAIL-BI T 11 1-15
O RCU T CARD PEL PEL =74 CIRCUI T CARD OVERTEMP -BI T 12 1-12
OVERTEMP
TABLE 6- XXXVI (part 1 of 2) Bl TE TESTS AND QUTPUT WORDS
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NOTES: * ElI THER THE RATE AT WH CH THE ERROR S| GNALS ARE SAMPLED OR THE TEST | S
PERFORVED BY THE HAI NS | NTERNAL SOFTWARE.
Bl TE SUMVARY WORDS 1 AND 2 (OUTPUT WORDS 15 AND 16) ARE NOT USED BY ORBI TER GPC.
DVA - DI RECT MEMORY ADDRESS
MU, MJX - MJULTIPLEX TERM NAL UNI' T
DOR - DI SCRETE OQUTPUT REGQ STER
PE1 - PLATFORM AND PLATFORM ELECTRONICS NO. 1
I PC - I NPUT POAER CONDI TI ONER

TABLE 6- XXXVI (part 2 of 2) BI TE TESTS AND OQUTPUT WORDS

6.5.5.2.9 Per f or mance/ Desi gn

6.5.5.2.9.1 Bl TE Thr eshol ds

Circuit tolerances over extrenes of tenperature and conponent
tol erances build up and produce a BITE trip point uncertainty;
i.e., aBITEtrip band. Were applicable, the trip bands are
given in Table 6-XXXVII.

The power conditioner thresholds have been established by addi ng
BITE trip bands to the specification band. As an exanple, see
Fi gure 6-38.
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FATLED SI GNAL NOM NAL VALUE TRI P VALUE
POVER 5 VIC 5 +/- 0.10 VDC +- 3.5 %
CONDI TI ONER
(1 PC AND DC/ DC)
15 VDC 15 +/- 0.15 VIC +/- 3.5 %
-15 VDC -15 +/- 0.15 VIC +/- 3.5 %
19 VDC 19 +/- 0.95 VDC +/- 3.5 %
-19 VDC -19 +/- 0.95 VIC +/- 3.5 %
+5 VDC | SOLATED 5 +/- 0.25 VDC +/- 3.5 %
7 VAC RESOLVER 7 +/- 0.35 VAC +- 5.5 %
EXCl TATI ON ( RVB) (RVB)
7 VAC RESOLVER CURRENT | 250 MA +/- 75 MA
CLOCK CTRCUI T 4.91 NHZ +/- 50 LO5S OF
PPM SI GNAL
PLATFORM AND X GYRO PREANPLI FI ER 6.0 VDC FOR 125
PLATFORM MBEC
ELECTRONI CS Z GYRO PREAMPLI FI ER 6.0 VDC FOR 125
( PLATFORM ELEC MBEC
NO. 1 AND GWB) 19. 2 KHZ CURRENT 25 VA +/- 10 VA
VERTI CAL GYRO SPEED 90 DEG PHASE ERRCR
AZI MUTH GYRO SPEED 90 DEG PHASE ERRCR
DAL REGULATED VOLTAGES | EXACT VALUES - 5 %
(+5 VDC, +15 VDC, -15 DETERM NED DURI NG
VDO) | NTEGRATI ON
ATD CONVERTER IX, 8X RESOLVER ANGLE DELTA OF 0.7
COVPARI SON DEG
M SSI NG RESCLVER T NPUT BOTH ST N AND
COS | NPUTS <
0. 707
DC CHANNEL ACCURACY +10 VDC - 2 %
AC CHANNEL ACCURACY 75 DEG +/- 0.10 DEG
TNNER ROLL EXCI TATI ON +3.6 VDC +/- 0.5 VDC
TABLE 6- XXXVI |, Bl TE CRI TERI A
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A BITE FAI LURE
| NDI CATI ON
W LL OCCUR

BITE TR P

BAND
Bl TE FAI LURE

| NDI CATI ON
MAY OCCUR.

UPPER NOM NAL
Bl TE THRESHLD

\V 4

A

Bl TE FAI LURE
| NDI CATI ON

I
TOLERANCE BAND WLL NOT
( REGULATI ON) OCCUR.

\\

NOM NAL LEVEL

/\.

Bl TE FAlI LURE
LOVNER NOM NAL | NDI CATI ON

Bl TE THRESHOLD |
BITE TRI P MAY OCCUR

BAND

v

\'4

—\.

Bl TE FAI LURE
B' | NDI CATI ON
WLL OCCUR

FI GURE 6-38, TR P BANDS FOR BI TE
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6.5.5.2.9.2 BI TE Summary Words (not used in-flight)

The HAINS has additional output indications which provide

addi tional fault isolation information. The internal software
mai ntai ns two BI TE sunmary words for internal usage and are
accessi bl e as output words 15 and 16 upon request. Qutput words
15 and 16 are spares on KT-70. The BITE summary words provide a
pass/fail status for each of the 33 internal software controlled
BITE tests. The two BITE sunmmary words are shown in Tabl e 6- XXX
and Table 6-XXXI in section 6.4.1.4, Qutput Data Control.

6.5.5.2.9.3 Turn- On Count ( STONCNT)

The STONCNT routine does not perform any diagnostic function.
This routine prepares a region of the EEPROM portion of nenory to
store away the BITE detected fails which may occur during that
turn-on cycl e.

6.5.5.2.9. 4 Post - Fl i ght Failure Storage

The HAINS contains 4K Byte of nonvolatile storage on its Menory
card which is available for BITE information. This information
can only be accessed via the serial comunication |ink using
special test internal software. The 4KB bl ock of nmenory is

di vided into snaller blocks which contain BITE information for a
particul ar HAINS power-on period. Contained within these bl ocks
is the turn-on count (number of turn-ons since the nenory had
been erased), a sequence of BITE detected failures during the
correspondi ng turn-on period and various |ocations which
represent the nunber of tinmes that foll owing events occurred:

0 Spurious Interrupts fromthe A/ID

0 Spurious Interrupts fromthe MJX

0 Spurious Interrupts fromthe 200 Hz C ock

0o Single bit Menory Errors Detected and Corrected

o False Digital Subsystem Failure Indications

0 Spurious Interrupts fromthe Software Generated Cycles

0 Qut-of-Limt Condition for the PE No. 1 DAL Tenp Sensor
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6.5.6 HAI NS Speci al Mode

A special feature of the OFP is its ability to store BITE failure
information in its EEPROM regi on of nenory. Additionally, the
OFP can conpensate for platform paranmeter errors which are

determ ned during factory calibration. These conpensations are
al so stored in EEPROM for use by the OFP. This section describes
t he node needed to wite these calibration paraneters to EEPROV
or read BITE or calibration paraneters infornmation from EEPROM

This node is designed so that any device capable of enmulating the
mul ti pl exer-demul ti pl exer (MODM protocol can enter it. The
inputs to the HAINS are the two conmand words transnitted during
a Message-Qut cycle. The outputs fromthe HAINS will be 16 words
sent during a Message-In cycle.

A special fail-safe handshake sequence involving the commands

i ssued during the Message-Qut cycles which occur within the first
two seconds of the OFP initiate is required to force the OFP into
special node. If the specified commands are not received in the
correct order and allowed tinme, then the OFP defaults to its
operati onal node. The sequence precludes accidental entry into
speci al node during normal HAINS processing.

Once the HAINS is in special nbde, a series of comands,
transmtted over the unit's serial communication link to the MDM
causes the OFP to execute several utility subfunctions. These
utility routines result in the reading and/or witing of EEPROM

The OFP will not return to operational node, once special node is
entered, unless HAINS power is cycled off and then on.

6.5.7 HAINS Utility Function

The utility function is nade up of nodul es which performthe
control of the EEPROM the RAM scrubbing and the data fornat
conver si on.

The witing and readi ng of EEPROM requires that specific signals

be set before operation can be performed. As a result of these
requi rements, the follow ng nodul es are required:
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e EREAD - Provides the reading of EEPROM dat a.
 EWRITE - Provides the witing of data to EEPROM
e EERASE - Provides the capability to erase sections of

EEPROM so that either BITE information or
calibration paraneters can be witten.

» EDELAY - Allows for a settling of the discretes used to
control the EEPROM circuitry.

The RAM scrubbing function is performed in background (Tine
between Interrupts) by the WBSCRUB node. This nodul e reads from
desi gnated RAM | ocations and then wites the data back into the
sane |location. This reading and then witing renoves any single
bit nenory errors which accunmulate in the RAM | ocati ons.

6.6 |IMJRM

Since the Orbiter carries three | MJ s independently acconplishing
the sanme functions, a failure detection schene nust be present
and a nmeans of selecting the best avail able data nust al so be
present. Selecting the best available data is known as sel ection
filtering. Checking for and identifying failures is known as
fault detection and identification (FDI). Flight software (OPS
1, 2, 3, 6, and 8) executes these functions in IMJRMto insure
good data are supplied to all users of IMJdata. IMJRMis not
active in MMLO1l before REFS RDY is set to TRUE (at T-4 mn). |IM
RM uses a conbination of the I MJ serial data and the I MJ BITE
informati on to acconplish its objectives. The reason for skewed
IMJs, as already discussed, is to facilitate the isolation of
IMJ failures when only two IMJ s are functioning. Wen all three
IMJ s are operational, RMprovides a sinple two on one voting
schene to isolate failures. The RMsoftware is divided into two
di stinct and separate areas, attitude RM and velocity RM Backup
flight systemsoftware (BFS) differs fromthe primary software
and will be discussed in section 6.6.3.

The ability of the onboard redundancy managenent (RM) software to
identify an I MJ failure depends upon the decision functions,

i nstrunent noise, identification logic, and the relative platform
geonetry of the IMJs. O these four factors, only the relative
geonetry, or skewing of the IMJs can be nodified.

During the early days of the space shuttle, the ascent and entry
phases of flight used a skewing orientation to protect agai nst
certain types of critical failures. To neet the initial platform
gyr o conpassi ng position accuracy requirenents, a skew ng
orientation referred to as the “Vv6 orientation” was used. This
relationship allowed the factory deternined calibration
paraneters to be used for platform conpensation

The nost optimumorientation for 3 level IMJRMis known as the
“v6 orientation” and is the current skewing used for all phases
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of flight. For many years, the optimum skewing for 2 |level |IMJ
RMwas the “v2 orientation”. If an | MJ was consi dered

unrecoverabl e, the v2 RESMVATS were to be invoked for the
remai nder of the flight.

More studies in 1990 and 1991 reveal ed that the v2 skew did
i ndeed provide |onger Z-axis failure coverage than the V6 skew,
but did not provide X and Y axis coverage as well as the V6 skew.

The decision was nmade in the Spring of 1992 to use the V6 skew ng
orientation even after suffering the loss of one IMJ The

shorter and nore optinmal failure isolation capabilities of the V6
skew wi || be taken advantage of for entry by resetting RM
threshol ds at deorbit TIG mnus 70 minutes with an I MJ;to-I1MJ
align. This provides the best possible RM coverage during the

entry tine frame and | anding is acconplished before the V6 skew
RM coverage falls below that which the v2 skew coul d provide.

The requirenents that led to the devel opnent of the v6 REFSMVATSs
are as follows. The space shuttle requires that the | MJ s be
two-fault tolerant. For the three IMJ s, the first failure can

be identified by a sinple two-on-one voting logic. The V6 skew
maxi n zes the separation of the platformaxes for the three | MJ
set. This skewi ng arrangenent is based on three constraints:

1. IMJ pairs have identical skew ng

2. Maxim ze the probability of identifying a randonmly oriented X-
Y pl ane failure.

3. Place the line of anbiguity (LOA) in a direction that wll
enhance the identification of the correlated X-Y plane failure

The skewi ng analysis resulted in the foll owi ng V6 REFSMVAT:

1/4 -3/4 J6/4
M=|-3/4 1/4 6/4
~-J6/4 -614 -1/2

The ol d v2 REFSMVAT i s shown here:

(2+ﬁ)/4 —(2—&)/4 ~1/2
M:—(2—J§)/4 (2+\/§)/4 ~1/2

1/2 1/2 1/2

The main reason for optinizing the skewi ng arrangenent of the
IMJs is to set up the LOA for nomnal entry to be sensitive to
vertical and downrange errors. |If the LOA falls within 30
degrees of the vertical downrange plane, then RM cannot guarantee
failure isolation. Therefore, using the proper skew ng places
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the Z-axis of the IMJ platfornms in the orbit plane for entry and
pl aces the LOA crosstrack to minimze the effects of
unidentifiable IMJ failures on the critical navigation state
conponents of vertical and downrange position and vel ocity.

The Z-axis now lies in the critical plane for navigation
performance and is nade as sensitive as possible for failure
identification by projecting Z-axis failures equally into the XY
pl ane and along the Z-axis of the other | MJ s.

6.6.1 Attitude RM

The first function of attitude RMis to determne which IMJs are
candi dates for RM processing. Criteria for candi dacy depends on
whether an IMJ alignnment is in progress or not. |If an on-board
align is being perfornmed then the IMJis a candidate if it is not
crew desel ected, not failed by RM not slew ng and not
commf aul t ed.

If an on-board align is not being perforned then the IMJis a
candidate if it is not crew deselected, not failed by RM and not
coomfaulted. |If any of the three criteria are not true for a
given IMJ, RMw |l not operate on the data fromthat | MJ

6.6.1.1 Sel ection Filter

Once the nunber of candidate | MJ s has been determ ned, the
selection filter (SF) nust then decide which | MJ should be used

as the attitude source. |If three IMJs are candidates for RM
when an alignnent is executed, the previously selected | MJ
remai ns chosen unless it is no longer available. |If the latter

is true, the | owest nunbered avail able | MJ becones t he sel ect ed
IMJ Once the selected IMJID is determned, no further attitude
RM processing is performed until the on-board alignnent is
conpl et e.

If three IMJ s are candidates for RM when an alignnment is not
bei ng executed, the software determ nes the errors between the
actual relative orientations of the platforns and the idea
relative orientations. This is acconplished by the foll ow ng
guat er ni on equati on
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QADj =QSM_SM_I * (QsSM_sM)”

where: Q SMSMI is the ideal transformation between two
platforns as determ ned fromthe REFSMVATS

QSM SMis the actual transformation between
platforms as determ ned by the ginbal angles (the *
after this quaternion indicates conjugation)

The vector portion of QADj is then dotted with itself to forma
squared attitude error value. The software next checks the
squared attitude errors, |ooking for the maxi mumvalue. The two
I MJ s which produced the |argest squared attitude error are
obviously the farthest apart, so the IMJwhich is not a part of
this maxi mumvalue is the mddle value IMJ and is used as the
attitude source.

When only two | MJ s are candi dates, the SF software conputes the
m sal i gnnent between the two | MJ s by conputing the squared
attitude error as described above. This error is then conpared

to the attitude data good threshold (1o during ascent and orbit

operati ons, 2.5° during entry). If this threshold is violated,
the attitude data good flag is set to invalid, the fault
identification portion of RM speeds up froma processing rate of
1/16 Hz to a rate of 1.04 Hz to try to isolate which of the two
IMJ s has the failure. The SF at the two-1MJ |l evel does not
change the selected I MJ attitude source. If the attitude source
remai ns a candi date during the downnode fromthree to two | MJ s
that IMJUw Il continue to be the attitude source. Oherwi se, if
the selected | MJ was no | onger a candidate after the downnode,

t he | owest nunbered candi date | MJ woul d becone the attitude

sour ce.

The attitude SF operations result in two additional downnodes
that function only during OPS 2 and 8. |f the attitude data good
flag is violated as described above, the digital autopilot (DAP)
will downnode to free drift indicating no | MJ data are avail abl e.
Also, if only one IMJis a candidate and that | MJ has a BITE fail
indication, the SF will indicate that the attitude data are bad.
VWhenever the attitude data good test is violated, the software
switches fromits normal 1/16 Hz fault isolation rate to a 1.04
Hz rate.

If there are no | MJ candi dates available, the selected IMJID s
set to the previous value, the attitude data good flag is set to
invalid, the ADI attitude flag is set to invalid (OPS 2 only) and
the attitude fault identification flag is set to the slower rate.
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6.6.1.2 Faul t Detection

The second major task of attitude RMis to provide fault
detection (FD) capability for the three IMJ. |If all three | MJs
are available, the three squared attitude errors conputed in the
SF are conpared to the square of the three-level FD threshol d.
The FD threshold, varies with the different phases of flight, but
is generally keyed to the last alignment, whether it is the
preflight align or on-orbit alignment. |If the squared attitude
error for a given | MJ pair exceeds the squared FD threshold, a

m sconpare flag is set which is then sent to the fault isolation
sof t war e.

If only two | MJs are candidates for RM the first function of the
software is to conpute the new FD threshold. As discussed above,
this threshold varies with the different flight phases. Once
this threshold is conputed, it is squared. The next function is
to conpute the squared attitude error between the renaining two

| MJUs. The calculation of the squared attitude error differs
somewhat fromthe cal culations done in the SF. The equation used
to conpute the magnitude of the msalignment error is:

QMG =QSMSY _O* (QSMSM)"

where: Q SM SMis the actual transfornmation between
platfornms as determ ned by the ginbal angles

QSMSM O is the quaternion describing the
rel ati onship between I MJ; and INUi at the conpletion

of the latest alignnment. Unlike the idea
transformation (Q SMSM 1) formed fromthe
REFSMVAT's, Q SMSM O is forned from gi nbal angle
reads of both IMJs at the tine of conpletion of the
al i gnnent .

The vector portion of the attitude error (Q MAG is squared
(dotted), then conpared with the squared FD threshold. |If the
threshold is violated, an attitude nisconpare flag is sent to the
fault identification software.

The following simcase illustrate the difference between how RM
calculates IMJ attitude errors at the three level and at the two
level. During the sim IMJ 1 was conmfaulted due to an FF 1
problemat the GPC. During the tine that | MJ 1 was commf aul t ed,

I MJ 3 devel oped a high drift rate and was manual |y desel ect ed
before it broke the RMthreshold. Subsequently, the drift on IMJ
3 stopped and it was aligned to IMJ 2 via an IMJto IMJ align

(IMJ 1 was still commfaulted during the align). Later a port
node was executed on string 1 (IMJ 1 was recovered) while I MJ 3
was still deselected. Although all three | MJs showed al nbst no

relative error between each other, IMJ1 and |MJ 2 went into an
attitude dilema and |MJ 2 was failed by RM because it had a
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slightly higher Redundant Rate. The crew then reselected IMJ 3
and | MJ 2 because there was no evidence of any m sconpares
between any of the IMJs. At the three level, RMdid not fail any
of the | MJs.

The reason IMJ 1 and IMJ 2 went into dilemm is because of how RM
calculates the attitude error at the two level. At the
conpletion of the IMJUto IMJalign, IMJ 1 was commf aul t ed.
Therefore, the snapshot of the ginbal angles used to compute
QSMSMOfor IMJ 1 was inaccurate. At the two level, this

i naccuracy was | arge enough to cause a dilemma. At the three
level, Q SMSM O is not used and because there was no error
between Q SM SMand Q SM SM | for any of the three IMJ, no | MJs
were failed by RM

Thi s next simcase provides another exanple of how 2 | evel RM
processing can lead to results which differ fromwhat one m ght
expect. During the sim IMJ 1 was recovered by alignhing only | MJ
l1tolMJ3. At that tine, IMJ 3 had about a 0.1° m salignnent
fromIMJ 2. [IMJ1failed sone tine later, leaving IMJ 2 and 3.
At the two level, IMJ 2 s drift rate began to increase. As the

IMJs Gyro A2/ 3 approached the RMIinit of .75, the flight
control teamexpected IMJ 2 to fail out. However the gyro As

grewto 0.8° and IMJ 2 did not fail as expected. Recall that the
transformati on between IMJs 2 & 3 at the end of the last align

was al ready misaligned by 0.1°. Even though IMJ 2 and 3

di sagreed by 0.8° via ground conputations (which use a nethod to
determine attitude errors simlar to the three | evel nethod of

t he onboard software), | MJ nmisalignnents reflected in Q SM SM O
whi ch was snapshot at the end of the last align introduced
uncertainties as to when the value of Q MAG would in fact reach
the RMthreshold. This is also an exanple of why it is a good
practice to align the third | MJ when recovering only one, unless
there are other factors preventing aligning the third I MJ

In both cases, the recovery required perforning another alignnent
of all good IMJs to reset Q SM SM O.

6.6.1.3 Fault ldentification

The third and final function of the attitude RM software is the
fault identification (FI) operation. |If all three IMJs are
candi dates for RMand an attitude misconpare was detected by the
FD software, the FI software attenpts to isolate which IMJis
responsi ble for the msconpare. The software checks the nunber
of m sconpare flags and if only two flags are set, it records the
| MJ nunber conmon to the two flags (recall there is a msconpare
flag for each IMJ pair) and starts a counter. No failure is
annunci ated unl ess there are three consecutive passes through the
FI software which identified the same | MJ as the cause of the

m sconpare. |If all three flags show m sconpares, the FI software
is exited and the failure will never be isolated. 1In other
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words, if two or three IMJ s have attitude problens, the software
cannot isolate the failures and no failures are declared. |If the
FI counter equals three (three consecutive votes against an | MJ),

the IMJ failure will be annunciated with a fault nmessage to the

crew and a down arrow next to the appropriate I MJ nunber on the
crew di splays. This nodule of the software runs at a 1/16 Hz
rate, so an attitude failure will require 48 sec to isolate (see
Tabl e 6- XXXVII1).

| MJ ATTI TUDE FDIR | Declare | Declare RGM Processi ng
Failure [Dilemma | Failure Rat e
Three Level 48 sec | ----- | ----- 1/16 Hz
Two Sl ow 48 sec 64 sec 96 sec 1/16 Hz
Level Fast 3 sec 4 sec 6 sec 1.04 Hz
Table 6-XXXVI11, ATTI TUDE RM RATES

When only two | MJ s are candi dates and a mni sconpare flag is set,
the two level FI software is active. The first check nade by
two-level FlI is whether a BITE failure is present on either |MJ
If one and only one IMJ exhibits a BITE failure, then the Fl
counter is increnented and the IMJwith the BITE fail is
recorded. No further FI processing will be done this FI cycle.
If no BITE fails are present, the software fornms four attitude
error conponents. Since the X- and Y-axes have a conmon gyro and
the Z-axis is a different gyro, an attitude error conponent is
formed for the XY-plane and the Z-axis separately. The XY-pl ane
and Z-axis errors are conputed in the coordi nate system of one of
the two remaining IMJ's, then transformed to the coordinate
system of the other candidate IMJ. This is acconplished by first
mul ti plying the foll owi ng quat erni ons.

AEZ | = QSMSM _O* (QsMsM)”

Only the conmponents of Q SMBM O and Q SMSM whi ch, when nultiplied
toget her, produce the fourth elenment (Z) of the resultant
guaternion are actually multiplied. This fourth elenent is then
squared to produce the Z-axis squared error in IMJ 1 coordinates.
This sane nmet hodol ogy is used to produce the Z-axis errors in | MJ
J coordi nat es.

AEZ J = (QSMSM _O" * QSM _SM

Again, these errors are squared. As a shortcut, the software
then subtracts the Z-axis contributions fromthe total error
squar ed which was conputed in the two-1evel FD software. This
subtraction then | eaves the XY-plane error squared. Since the Z-
axi s conponents will differ in the two different coordinate
systens, the two different results after subtraction already
reflect the proper coordinate system No further transformation
is needed. One exception to the source of the total attitude
error squared exists. |If the FD logic detected an attitude data
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good violation, the FI software runs at 1.04 Hz versus the nornma
1/16 Hz. Since the att