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SECTION 3 - GROUND INSTRUMENTATION REQUIREMENTS

general

A3-1
GROUND and network definitions
a.
mcc is defined as the equipment and functionality provided by the jsc building 30 complex and associated infrastructure at jsc which provides power, cooling, and communications to building 30.  ®[062702-5502C] 
b.
integrated network includes the following:

1.
the nasa ground tracking and data stations at mila, dfrc, wlp, PDL, and including JDI. 

Even though JDI is part of the Eastern Range operated by the USAF 45th Space Wing at the Jonathan Dickinson Missile Test Annex (JDMTA), for the purposes of this rule it is considered part of the NASA network.

2.
the space network including the white sands complex (wsc) facility and functionality as well as the tdrs satellites.  

3.
gsfc fACILITIES THAT PROVIDE COMMUNICATIONS RELAY AND SCHEDULING:  THE MISSION OPS SUPPORT AREA (mosa), FLIGHT DYNAMICS FACILITY (fdf) AND THE nETWORK CONTROL CENTER (NCC) AND ASSOCIATED INFRASTRUCTURE AT GSFC WHICH PROVIDES POWER, COOLING, AND COMMUNICATIONS TO THOSE FACILITIES.

4.
NASA and USAF radar tracking sites as shown in the matrix In rule {a3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX.  ®[ED          ] 
5.
commercial links connecting jsc, gsfc, wsc, ksc, dfrc, etc.  

6.
interconnectivity to usaf rts sites  ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-1
GROUND and network definitions  (CONTINUED)
C.
critical shuttle flight phases are defined as launch through GO FOR ORBIT OPS or intact abort landing and GO FOR deorbit BURN through wheelstop.  ®[062702-5502C] 
D.
trajectory processing is defined as the capability of the mcc to take trajectory data from various sources (radar tracking, S-band Doppler, onboard inertial navigation, onboard GPS) and in real time compute current state and performance capability that are used to determine abort mode capability, maneuver targets, and to make other mission critical decisions.  reference Rule {a3-51}, trajectory processing requirements.  ®[062702-5502C] 
A3-2
GROUND and network OVERALL PHILOSOPHY
A.
mandatory requirements:  AIR TO GROUND VOICE, COMMAND, hdr TELEMETRY, AND TRAJECTORY PROCESSING DURING CRITICAL PHASES OF FLIGHT is mandatory.  the mcc and INTEGRATED NETWORK EQUIPMENT and associated software to provide these mandatory functions must be available and scheduled to initiate a critical activity.  ®[062702-5502C]  

The MCC and network provide the ability to collect, process, and display the information needed to invoke mission rule decision, analyze subsystem performance to prevent failures, and to relieve the flight crew of the need to monitor subsystems in detail.  Command provides the means to configure onboard systems for nominal operations as well as for anomaly resolution.  Command is required to provide uplink remedies to systems problems which require off-nominal systems configurations that can be most effectively accomplished or in some cases only accomplished from the ground.  A/G voice provides the means to communicate between the flight crew and the flight control team for mission activities, abort region definition, anomaly resolutions, and many other activities.  

This rule states a general principle which must be understood in the light of what is technically feasible.  For example, the mandatory requirement is not meant to imply that there can be no short gaps since site handovers, etc., will lead to momentary outages.  Additionally, the next rule gives greater detail to parts of critical periods when longer outages can be allowed.   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-2
GROUND and network OVERALL PHILOSOPHY  (CONTINUED)
B.
Redundancy:  ®[062702-5502C]  

1.
scheduling:  redundancy in mandatory mcc and integrated network functions shall be scheduled and planned to be available at the initiation of a critical activity.

note:  redundancy is not required when SCHEDULING for the tdrss network.

TDRSS network redundancy is well demonstrated and tying up resources by scheduling redundant services is not required.  Loss of TDRSS service has been demonstrated in practice to be very remote and emergency rescheduling using alternate equipment is very rapid.  TDRSS network redundancy is based on having multiple satellites in both eastern and western locations, two independent ground stations, multiple communication paths between WSC and MCC, and full redundancy in scheduling and other supporting equipment.  The TDRSS network has more users than can be scheduled so it is prudent to not explicitly schedule redundant TDRSS coverage.

2.
loss of redundancy:  redundancy is not required to initiate a critical activity.  following a FAILURE THAT causes loss of redundancy, iF feasible, the remaining single string should be demonstrated to be functional PRIOR TO THE INITIATION OF A CRITICAL ACTIVITY.

It is prudent to support mission critical operations with redundancy.  MCC and Network functions are by design very reliable.  Operational history has demonstrated that MCC and Network functional reliability is very high.  When operating on a single string of equipment that is demonstrated to be functioning, which is not annunciating an alarm or operating in an anomalous manner, there is a very low probability of failure in the short time duration of a shuttle critical phase.  Unless there is direct evidence to conclude a failure is imminent on operating equipment, there is no reason to delay a critical scheduled event for failure of a redundant string.  Conversely, if analysis of a failed system clearly indicates a threat to the remaining equipment, it is prudent not to initiate a critical activity if possible.

3.
recovery of lost redundancy:  RECOVERY OF REDUNDANT EQUIPMENT should not be attempted if there is risk to THE PLANNED T=0 or DEORBIT TIG.

Recovery of redundant equipment or function generally has a non-zero risk of operator error or other reason causing loss of the functioning, mandatory equipment string.  At pre-defined times for launch or deorbit, this risk should not be incurred.   ®[062702-5502C] 
A3-3
GROUND and network DETAILED REQUIREMENTS
a.
ASCENT

1.
nominal ascent:  AIR TO GROUND VOICE, COMMAND, TELEMETRY, AND TRAJECTORY PROCESSING ARE MANDATORY FROM LIFTOFF THROUGH MET 15 MINUTES.  from meT 15 MINUTES through GO FOR ORBIT OPS, it is highly desirable to have the maximum duration of coverage possible for air to ground voice, command, telemetry, and trajectory processing.  ®[062702-5502C] 

in addition to mandatory s-band two-way voice, uhf two-way voice is required as a backup during launch from liftoff through nominal handup to tdrs and is highly desirable through mila los or until rtls landing.  

Redundant A/G voice is necessary for abort request and abort region calls and to rapidly convey verbal responses to observed subsystem anomalies and rule violations.  The availability of both S-band and UHF ensures that SRB plume, station handovers, and most onboard and ground subsystem failures will not result in disruption of A/G voice capability causing critical calls to be missed.  Early in ascent, TDRS is not thought to be acceptable due to antenna look angles, structural blockage, etc.  Therefore, MILA, PDL, and JDI provide communications link capability.  

The latter stages of ascent, after TDRS handup between 7 and 8 minutes MET, are supported by TDRS.  The TDRS network has more user requirements than can be accommodated thus requiring priority scheduling.  TDRS schedule should include uninterrupted communications through the latest underspeed MECO that occurs no later than MET 13 minutes.  An additional 2 minutes to assess the situation and provide maneuver direction to the crew can be accomplished by a well-practiced MCC team.  This means that TDRS scheduling should support through MET 15 minutes at a minimum.
To ensure mission success for rendezvous missions and to resolve any anomalies that may have occurred during ascent, it is prudent and highly desirable to have the maximum available communications capability through OMS-2 cutoff.  Following that, to ensure timely anomaly resolution and to provide the maximum efficiency and mission success through the complex tasks of early post insertion (OPS 2 transition, opening payload bay doors, initiating radiator cooling, etc.), communications is vital.  Go for Orbit Ops normally occurs at about 1 hr 30 min MET.

From the TDRS perspective, command, telemetry, and voice are either both available simultaneously or not; they are not independent.   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
2.
RTLS, TAL:  CONTINUOUS AIR TO GROUND VOICE, COMMAND, TELEMETRY, AND TRAJECTORY PROCESSING ARE MANDATORY FOR RTLS OR TAL following abort declaration THOUGH INTACT ABORT LANDING INCLUDING POST-LANDING.  ®[062702-5502C] 
This requirement for TAL may be met by the use of an emergency SHO for the TDRS network since landing occurs at approximately MET 37 minutes.  RTLS requirements may be covered by scheduling MILA alone.  The declaration of an RTLS or TAL abort results in procedures that involve additional risk.  MCC support is required and will normally be available throughout the RTLS or TAL.  This increased insight into systems performance and additional expertise significantly increases the probability of a successful landing with a vehicle that has already had a major systems failure.  A/G voice is required to coordinate any recommendations to the crew and to relay to the crew final weather, runway, landing aid, and major systems status. 

3.
ATO, AOA:  FOR THE PERIOD FROM MEt 15 minutes THROUGH landing for aoa or landing for first day pls or through go for orbit ops for ato, IT IS HIGHLY DESIRABLE TO HAVE THE MAXIMUM DURATION OF COVERAGE POSSIBLE FOR AIR TO GROUND VOICE, COMMAND, TELEMETRY, AND TRAJECTORY PROCESSING.

4.
Ascent trajectory processing support:
a.
ASCENT RADAR TRACKING:  dual TRACKING is highly desirable FROM EITHER ONE S-BAND AND ONE c-BAND, OR TWO C-BANDS FROM LIFT-OFF THROUGH MECO PLUS 1 MINUTE.
Dual source tracking is desired to allow monitoring of the health of onboard navigation during powered flight, to provide delta state uplink capability to correct extreme onboard navigation errors which could result in unsafe or mission-limiting MECO conditions for an ascent to orbit or an RTLS, and to provide an independent ground navigation source for ascent performance boundary calls.  To obtain an accurate post-MECO ground filter vector, a minimum of 1 minute of tracking post-MECO is required for processor convergence.  An accurate post-MECO ground filter vector may be used to update onboard navigation before OMS-2 if required to significantly decrease delta-V cost due to planar error for ground-up rendezvous flights, or before OMS-1 or OMS-2 if the gain in delta-V capability would prevent ascent capability downmoding.   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
Ground tracking through MECO+1 is highly desirable rather than mandatory because flight history and Mean Time Between Failure (MTBF) data show that the probability of either software or hardware failures corrupting onboard navigation during ascent are extremely small.  MTBF studies for the HAINS IMU’s, GPC’s, and MDM’s indicate a probability of loss of two IMU’s to be on the order of 10-10.  Although recovery of corrupted onboard navigation by means of a powered flight delta state is theoretically possible, and would be attempted if required, success at all times during the ascent is not a certainty.  With regard to onboard navigation errors which are not large enough to pose a safety concern, but which could affect the mission, the history of post-MECO state vector updates shows that although there are worthwhile paybacks in propellant margin, their absence would not adversely impact propellant budgets.  For these reasons, ground tracking requirements through MECO for due east launches were abandoned by the shuttle program as a cost savings measure.  Ground tracking through MECO +1 is only available for high inclination launches.   ®[062702-5502C] 
Upon removal of the Range Safety destruct package from the external tank, the flight crew/MCC assumes responsibility for public safety during second stage.  The tracking navigation state precludes limit line violation due to severe onboard navigation problems (state vector update or manual MECO) and prevents loss of External Tank Impact Point prediction due to telemetry loss/data dropouts.  At the existing limits of ground tracking, ET IP no longer endangers North American landmasses or islands.

Ground radar tracking is only highly desirable for NASA purposes during the early phases of ascent as shown by the table in Rule {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX.  Note that the Eastern Range has a more constraining requirement.  If all east coast radars are functioning, for high inclination launches radar tracking can be extended to nominal MECO +1 minute.  For low inclination launches, radar tracking is lost prior to 8 minutes MET.  It is desirable to have ground radar verification of the MECO state.   ®[ED          ] 
b.
RTLS ENTRY RADAR TRACKING:  TRACKING is highly desirable from either one s-band and one c-band, or two c-bands from RTLS MECO TO 100K FEET.

The TSU trajectory processor Kalman filter cannot meet ground accuracy requirements with only one source of tracking data; the filter requires at least two sources.  The 100k feet altitude constraint was chosen to allow sufficient time to assess the vehicle energy conditions and to update onboard navigation state (after nominal TACAN acquisition) in order to correct a violation of delta state limits.  Dual tracking capability also allows time to GCA to within guidance limits prior to TAEM.   ®[062702-5502C]  
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
c.
AOA/PLS:  Dual Tracking capability above 100k feet is highly desirable but is not scheduled for aoa and pls deorbit.  ®[062702-5502C]  

In the event that a delta state is uplinked, it allows proper onboard verification to be performed through 100k feet (tracking not required below 100k feet).   
d.
fd1 pls only:  at least one tdrs or two c-band radar passes are required to support pre-deorbit state vector accuracy.

For AOA and PLS deorbits, best effort call up of high speed tracking resources is accepted (ref. Rule {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX).  The time between launch and landing for an AOA deorbit is short enough to consider onboard navigation autonomous, and although best effort tracking call up will be requested, it is not mandatory.  There is a high probability of obtaining PLS tracking support from KSC or EDW area radars on a best effort basis if the ranges are given more than 3 hours advance notice.  There is little chance of obtaining such support for a NOR PLS deorbit unless the request is made during duty hours.  Tracking support is virtually assured at all three CONUS sites, given 24 hours notice (ref.  AEFTP #82 minutes).   ®[ED          ] 
Post MECO tracking is required for flight day 1 deorbit cases in order to ensure the onboard state vector meets deorbit burn accuracy requirements.  For high inclination launches (57 deg and 51.6 deg), at least one TDRS is required for orbit 3 cases, because the ground tracks for orbits 1 through 3 do not permit adequate C-Band coverage (ref. Rules {A4-101}, ONBOARD NAVIGATION MAINTENANCE, and {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX - Note [2]).   ®[ED          ] 
e.
FOR COMMIT TO LAUNCH and scheduling purposes, EOM DUAL TRACKING CAPABILITY (TWO C-BANDS OR ONE S-BAND AND ONE C-BAND) from ABOVE 100K FeeT to the ground IS not mandatory.  if any of the capabilities LISTED in paragraph b3 BELOW are not expected to be AVAILABLE PRIOR TO DEORBIT TIG, scheduling eom dual tracking becomes mandatory.  ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
5.
REDUNDANCY FOR ASCENT INCLUDING INTACT ABORTS:  ®[062702-5502C] 
a.
REDUNDANCY IN EQUIPMENT AND NETWORK SCHEDULING FOR AIR TO GROUND VOICE, COMMAND, TELEMETRY, AND TRAJECTORY PROCESSING shall be planned and scheduled FOR LAUNCH THROUGH go for orbit ops OR INTACT ABORT LANDING.  note:  for tdrs scheduling redundancy is not required.

b.
Consideration will be given to attempting to regain failed redundant equipment if the recovery will not affect the remaining mandatory equipment and recovery procedures ETRO is prior to the nominal planned time for coming out of the T-9 minute hold.  

c.
RECOVERY EFFORTS FOR failed REDUNDANT EQUIPMENT IN THE MCC AND integrated NETWORK WILL not be performed between T-9 MINUTES AND COUNTING and met 15 minutes or landing for rtls or tal.

b.
deorbit/ENTRY

1.
PRE-DEORBIT:  IT IS HIGHLY DESIRABLE TO HAVE THE MAXIMUM DURATION OF COVERAGE POSSIBLE FOR AIR TO GROUND VOICE, COMMAND, TELEMETRY, AND TRAJECTORY PROCESSINg from tig-4 hr to deorbit decision.  redundancy is desirable but not required.

Preparing the orbiter for entry includes a number of complex and critical steps such as moding flight software to OPS 3, closing the payload bay doors, activating FES cooling.  Having MCC connectivity troubleshoot any anomalies that may occur is very useful.  Additionally, MCC is prime to provide deorbit maneuver targets and to assess landing site readiness including weather.  Deorbit decision time is normally TIG - 23 minutes.   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
2.
deorbit decision:  ground and integrated network equipment functionality and scheduling must provide air to ground voice, command, telemetry, and trajectory processing from the mcc go for deorbit to post landing.  redundancy for mandatory functions is highly desirable but not required.  ®[062702-5502C]  


uhf two-way voice is highly desirable during entry to ksc or dfrc when in range of the ground station as a backup to s-band voice.  s-band voice is mandatory as described above.

Monitoring vehicle systems, energy management, anomaly resolution, and landing site evaluation from touchdown parameters to weather conditions is the primary job of the MCC during shuttle entry.

3.
trajectory processing support for entry:


If all of the CAPABILITIES listed below are expected to be AVAILABLE PRIOR TO DEORBIT TIG, c-band tracking is not mandatory.  s-BAND TRACKING IS HIGHLY DESIRABLE IN THE ABSENCE OF C-BAND TRACKING.  IF DURING THE MISSION ANY OF THE FOLLOWING CAPABILITIES ARE LOST, EOM DUAL TRACKING CAPABILITY BECOMES MANDATORY FOR COMMIT TO DEORBIT:

a.
IMU’S:  FULL REDUNDANCY (THREE LRU’S AND ASSOCIATED DPS AND EPS FUNCTIONALITY).

b.
ONBOARD TACAN: AT LEAST TWO-FAULT TOLERANCE IN THE TACAN/GPS SYSTEM AND ASSOCIATED DPS AND EPS FUNCTIONALITY) (REF. RULE {a8-115}, GPS SYSTEM MANAGEMENT).  ®[092602-5641 ] 
c.
ONBOARD MLS:  FULL REDUNDANCY (THREE LRU’S AND ASSOCIATED DPS AND EPS FUNCTIONALITY) REQUIRED IF MLS IS REQUIRED FOR LANDING (REF. RULE {A3-202}, MLS).  ®[062702-5502C]   ®[092602-5641 ]
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
d.
GROUND TACAN STATIONS:  TWO STATIONS AVAILABLE AND CONFIRMED OPERATIONAL WITHIN SPECIFICATIONS (REF. RULE {A8-52B}.2, SENSOR FAILURES), OR ONE STATION AVAILABLE AND CONFIRMED OPERATIONAL WITHIN SPECIFICATIONS (REF. RULE {a8-52b}.2, SENSOR FAILURES) WITH A GPS LRU FUNCTIONING PROPERLY (REF. RULE {a8-115}, GPS SYSTEM MANAGEMENT).  FAA/USAF SPECIFICATIONS ARE NOT ADEQUATE (REF. NSTS 07700, VOL X, BOOK 3, PARAGRAPH 1.3.1.1.1).  ®[062702-5502C]   ®[092602-5641 ] 
In order to maximize launch probability by alleviating C-Band tracking data scheduling conflicts with the Eastern Range Operations Control Center (ROCC), the mandatory requirement for scheduling dual source high speed tracking for EOM is eliminated, provided that sufficient redundancy is available (TACAN/GPS and IMU) to correct the navigation state prior to violation of entry guidance limits.  If sufficient redundancy is lost during the mission, dual source high-speed tracking becomes mandatory for commit to deorbit.  The TSU trajectory processor Kalman filter cannot meet ground accuracy requirements with only one source of tracking data.  The filter requires at least two sources.  The 100k feet altitude constraint was chosen to allow sufficient time to assess the vehicle energy conditions and to update onboard navigation state (after nominal TACAN acquisition) in order to correct a violation of delta state limits.  This requirement also allows time to GCA to within guidance limits prior to TAEM.   ®[062702-5502C] 
With three functioning IMU’s and the associated DPS/EPS equipment, the first failure is fully protected by redundancy management.  When two IMU’s are available, 95 percent of the cases involving the second failure are properly resolved by the IMU RM which uses the IMU BITE logic.
With three functioning onboard TACAN transceivers and their associated DPS equipment, the first failure is fully protected by redundancy management.  When two TACAN’s are available, 90 percent of the cases involving the second failure are covered with TACAN self-test.  GPS provides additional redundancy to the onboard TACAN transceivers (particularly at the TACAN 1-LRU level) assuming that the conditions in Rule {A8-115}, GPS SYSTEM MANAGEMENT, are satisfied.   ®[092602-5641 ] 
With three functioning onboard MLS transceivers and their associated DPS equipment, the first failure is fully protected by redundancy management.  When two MLS’s are available, a dilemma between the LRU’s will remain unresolved unless a BITE had been previously set against one of the LRU’s.  If the dilemma is unresolved, MLS may not process at all (for range/azimuth dilemmas) or only partially process (for elevation dilemmas).  For days when MLS is required, as defined in Rule {A3-202}, MLS, ground tracking is required to resolve dilemmas in order to make the MLS useable.  Reference Rule {A8-18A}, LANDING SYSTEMS REQUIREMENTS.   ®[062702-5502C]   ®[092602-5641 ] 
THIS RULE CONTINUED ON NEXT PAGE

A3-3
GROUND and network DETAILED REQUIREMENTS  (CONTINUED)
To ensure that valid TACAN data are available, both primary and secondary ground stations must be confirmed to be within programmatically required limits (NASA operational requirements of 1 deg and 0.3 mile per Rule {A8-52B}.2, SENSOR FAILURES, rather than FAA/DOD certification (2.5 deg and 0.5 mile per NSTS 07700, Vol X specification)).  With the pre-deorbit ground station checks, full single fault tolerance exists.  If both the primary and the secondary ground station were to fail after deorbit, the MCC can uplink another TACAN station.   ®[062702-5502C]    ®[092602-5641 ] 

If GPS is functioning properly (ref. Rule {A8-115}, GPS SYSTEM MANAGEMENT), then the following failures will result in requiring high speed tracking for EOM 

a.
Any failure in either the onboard IMU’s or MLS LRU’s. 

b.
Loss of two-fault tolerance in the GPS/TACAN system.

c.
No TACAN ground stations available.

If GPS is NOT functioning properly (ref. Rule {A8-115}, GPS SYSTEM MANAGEMENT), then the following failures will result in requiring high speed tracking for EOM:

a.
Any failure in either the onboard IMU’s, TACAN’s, or MLS LRU’s.

b.
Only 1 TACAN ground station available.   ®[092602-5641 ] 
S-band data is highly desired because it may provide insight in the case of a TACAN bias, although it cannot by itself be used as a source of “ground truth.”
In relaxing the tracking data requirement from mandatory to highly desirable, it is understood and acknowledged to be an acceptable risk to rely totally on TACAN and GPS as required to achieve a safe landing.  If the normal ceiling limit exists, and TACAN data is not processed by navigation, and no independent valid tracking data are present, the vehicle is unlikely to achieve the runway unless GPS is incorporated.   ®[092602-5641 ] 
4.
post landing: ground equipment will provide for air to ground voice, command, and telemetry from landing until vehicle handover to gom.  redundancy is not required.  ®[062702-5502C] 

a3-4 through a3-50 rules are reserved

mcc instrumentation prelaunch requirements

A3-51
trajectory processing REQUIREMENTS  ®[061396-4005A]   ®[022802-5198 ] 
A.
HIGH-SPEED TRAJECTORY DETERMINATION:

1.
HIGH SPEED S-BAND - highly desirable FOR LAUNCH AND LANDING  ®[061297-6004 ] 
2.
HIGH SPEED C-BAND - highly desirable FOR LAUNCH AND LANDING

3.
KALMAN FILTER PROCESSING - highly desirable FOR LAUNCH AND LANDING ®[061297-6004 ]
B.
ARD/AME PROCESSING - MANDATORY FOR LAUNCH  ®[022802-5198 ] 
C.
EPHEMERIS MAINTENANCE PROCESSING - MANDATORY

D.
ORBIT DETERMINATION PROCESSING:

1.
LOW SPEED TRACKING DATA - MANDATORY

2.
BATCH RADAR PROCESSING - MANDATORY

THIS RULE CONTINUED ON NEXT PAGE

A3-51
trajectory processing REQUIREMENTS  (CONTINUED)
E.
DEORBIT PLANNING PROCESSING - MANDATORY

F.
ENTRY PROFILE PROCESSING - MANDATORY

G.
COMMAND/TRAJECTORY INTERFACE PROCESSING - MANDATORY

H.
TRAJECTORY/TELEMETRY AND TELEMETRY/TRAJECTORY INTERFACE PROCESSING - MANDATORY

I.
HIGH SPEED ENTRY RGO AND TAEM PROCESSING - MANDATORY FOR LAUNCH AND LANDING  ®[022802-5198 ] 
J.
RENDEZVOUS TARGETING PROCESSING - MANDATORY FOR RENDEZVOUS FLIGHT  ®[061396-4005A] 
K.
LAUNCH WINDOW/LAUNCH TARGETING PROCESSING - MANDATORY UNTIL THE LAUNCH TARGET COMMANDS HAVE BEEN GENERATED.  THIS ONLY APPLIES TO GROUND-UP RENDEZVOUS AND INERTIALLY TARGETED FLIGHTS.  ®[061396-4005A] 
All mandatory trajectory processing is required to be operational prior to launch, including support processors as well.  Any loss of trajectory processing will be assessed in real time in order to determine applicability of the lost capability to the flight at hand.

L.
DOLILU STRUCTURAL LOADS AND TRAJECTORY ANALYSIS TOOLS - MANDATORY UNTIL THE dolilu i-load has been transferred into the mcc command system; THEREAFTER, HIGHLY DESIRABLE (ref. rule {a4-4}, dolilu operations).  ®[091098-6622C] 
DOLILU and Loads assessments are nominally run concurrently by JSC and USA/Systems Integration.  In the event that JSC fails to complete analysis after the MCC I-load transfer, USA/Systems Integration becomes prime for providing the remaining prelaunch assessments.  This contingency condition is considered acceptable to proceed based on the joint system checkouts that have occurred (L-3 week, L-2 day, and completed launch day verifications).   ®[091098-6622C] 
M.
DESCENT DESIGN SYSTEM (DDS) - MANDATORY  ®[061396-4005A]   ®[022802-5198 ] 

A3-52
MCC INTERNAL VOICE

LOSS OF INTERNAL VOICE LOOPS FD, A/G 1, OIS 232 AND FLIGHT CONTROL OFFICER (FCO), WOULD NOT CAUSE A LAUNCH HOLD BECAUSE OF SUFFICIENT AVAILABLE WORKAROUNDS:

A.
MCC FLIGHT CONTROL TEAM COORDINATION CAPABILITY - ONE OF THREE MANDATORY:

1.
FD

2.
AFD CONF

3.
LOOP CONFERENCING

One common voice loop between all MCC flight control team members is required for expedient communication of system conditions/anomalies.

B.
A/G TALK CAPABILITY - TWO OF FOUR MANDATORY:

1.
A/G 1

2.
A/G 2

3.
A/G UHF

4.
OTHER LOOP WITH KEYING CAPABILITY

Two MCC voice loops with keying capability are required to provide continuous S-band A/G and UHF A/G (ref. Rule {A3-1A}.1.d, GROUND AND NETWORK DEFINITIONS).   ®[ED          ] 
C.
COMMUNICATIONS INTERFACE WITH LAUNCH TEST DIRECTORS - ONE OF FOUR MANDATORY:

1.
OIS 131

2.
OIS 232

3.
FD (EXTENDED TO LAUNCH SITE)

4.
OTHER LOOP PATCHING TO LAUNCH SITE

One MCC voice loop (extended to launch site long lines) is required to call an MCC-initiated countdown hold.

THIS RULE CONTINUED ON NEXT PAGE

A3-52
MCC INTERNAL VOICE  (CONTINUED)
D.
COMMUNICATIONS interface WITH FCO - two OF FOUR MANDATORY:  ®[101096-4550 ] 
1.
FCO PVT LINE

2.
FD (EXTENDED TO FCO)

3.
FCO PRIME

4.
OTHER LOOP PATCHING TO FCO LONG LINE

A minimum of two MCC voice loops, extended to the Eastern Range 45th Space Wing, are required for FD and FDO voice communication with the FCO.  Removal of the ET Range Safety Flight Termination System resulted in additional flightcrew responsibility as agents of the 45th Space Wing Commander for public safety during second stage flight, with crew-initiated manual MECO replacing range safety command destruct capability.  Redundant FCO/MCC communications is therefore mandatory to provide the interaction and situational awareness necessary to implement this requirement.   ®[101096-4550 ] 
Rules {A3-151C} and D, MCC/KSC/45 SPW INTERFACE, reference this rule.

E.
COMMUNICATIONS CAPABILITY WITH required ASCENT ABORT SITES - 1 OF 3 MANDATORY:  ®[111094-1716A ]   ®[ED          ] 
1.
LONGLINE (LFP1)

2.
INMARSAT

3.
COMMERCIAL TELEPHONE

Prelaunch, the MCC must be able to communicate with the required ascent abort landing sites (ref. Rule {A2-2}, ABORT LANDING SITE REQUIREMENTS).  This insures that there has not been a change in weather or nav/landing aid status.  It also insures that anomalies can be passed to the ground support team and that the runway and airspace are clear for a safe landing.  This can be accomplished by insuring that at least one of the communications capabilities listed above are available.   ®[111094-1716A ]

 ®[051697-6008A] 
A3-53
MCC POWER

A.
BUILDING 30M POWER BUSES  ®[061396 4006A] 

BUS A1, A2, B1, B2 - THREE OF FOUR MANDATORY.

All mandatory MCC equipment can be configured to operate on any three of the four power buses.  Equipment which cannot tolerate a 20-second power outage is configured on bus A1 or A2.  These buses are supported with online UPS (uninterrupted power supply) (critical A power) during ascent.  Equipment which can tolerate a 20-second power outage is configured on bus B1 or B2.  These buses are supported with backup offline (20-second startup) diesel generators (critical B power) during ascent.   ®[061396 4006A] 
B.
BUILDING 30S POWER BUSES

1.
POWER BUSES AX1, AX2 - ONE OF TWO MANDATORY. (SEE NOTE #1)


NOTE #1:
IF ONLY ONE POWER BUS IS AVAILABLE, IT MUST HAVE A NON-INTERRUPTIBLE POWER SUPPLY (EITHER UPS OR A RUNNING DIESEL) FEED.

2.
POWER BUSES BX1, BX2 - ONE OF TWO MANDATORY.

3.
POWER BUSES CX1, CX2 - ONE OF TWO MANDATORY  (SEE NOTE #2)


NOTE #2:
MANDATORY FOR FLIGHTS WITH POCC WORKSTATION REQUIREMENTS ONLY; SEE THE FLIGHT SPECIFIC ANNEX. ®[061396-4006B]
All equipment on the A and B buses can be configured entirely onto either single bus, with each capable of carrying the entire load.  The AX1 and AX2 buses are supported with UPS (uninterrupted power supply).  The BX1 and BX2 buses are backed up with diesels (20-second startup).

The AX buses provide power for most mandatory technical equipment and emergency lighting in the MCC.  The BX buses provide power to IPS system, utility outlets, AX1 and AX2 uninterruptible power supplies, and back-up power feed to the AX buses in case of a UPS failure.  The CX buses provide power to the third floor POCC consoles.

THIS RULE CONTINUED ON NEXT PAGE

A3-53
MCC POWER  (CONTINUED)

C.
BUILDING 30S AIR HANDLERS  ®[061396-4006A]
1.
SOFT AIR HANDLERS - ONE OF THREE MANDATORY

2.
HARD AIR HANDLERS - ONE OF THREE MANDATORY

The hard air handlers provide cooling to the FCR, SVO, GOSR, CDE and fifth floor areas of building 30S.  The soft air handlers provide cooling to all other areas not supplied by hard air handlers.  One of each type air handler is required to adequately provide cooling for mission essential hardware and personnel.   ®[061396 4006A]

a3-54 through a3-100 rules are reserved

45 spw/gsfc/stdn prelaunch requirements

A3-101
GSFC

A.
MESSAGE SWITCHES - ONE OF TWO MANDATORY  ®[121593-1582 ] 
These computers route mandatory telemetry, command, tracking and configuration data between MCC and tracking stations.  Each message switcher can handle the total traffic rate.

B.
NETWORK CONTROL CENTER (NCC) COMPUTERS - ONE OF TWO MANDATORY  ®[121593-1582 ]   ®[051697-6008A] 
For TDRSS to support TAL aborts, acquisition data must be generated and sent to WSGT for TDRS pointing.  The NCC computers and associated equipment manage this acquisition message data for forwarding to WSGT.

A3-102
INTEGRATED NETWORK FAILURE DECISION MATRIX
	ASCENT AND INTACT ABORT LANDINGS AT KSC

	SITE
	STATION ID
	TYPE
	RQMNT
	ASCENT/RTLS
	TAL
	(POST LAUNCH)

KSC AOA &

1ST DAY PLS

	
	
	
	
	28.5 INC
	HIGHER INC
	
	

	JONATHAN

DICKINSON MISSILE TRACKING ANNEX (JDMTA)
	JDIS
	S-BD
	TLM

D/L VOICE
	1 OF 2 M
	1 OF 2 M
	
	

	PONCE DE

LEON
	PDL
	S-BD 14
	
	
	
	
	

	
	
	
	CMD

U/L VOICE
	1 OF 2 HD

[1]
	1 OF 2 M

[2]
	
	

	
	FIXED DIPOLE 
	UHF
	VOICE
	
	
	
	

	MILA
	MILS
	S-BD 30-1
	CMD

TLM

VOICE
	1 OF 2 M
	1 OF 2 M
	
	1 OF 2 HD

	
	MLXS
	S-BD 30-2
	
	
	
	
	

	
	TELTRAC
	UHF
	VOICE
	1 OF 2 M
	1 OF 2 M
	
	1 OF 2 HD

	
	QUAD HELIX
	
	
	
	
	
	

	TDRSS
	WSC
	S-BD
	CMD

TLM

VOICE
	M [3]
	M [3]
	M
	M [6]

	
	
	
	TRK
	HD
	HD
	
	M [5]

	WALLOPS
	WLPS
	S-BD 30
	CMD

TLM

VOICE
	
	HD
	
	

	
	QUAD HELIX
	UHF
	VOICE
	
	1 OF 1 HD
	
	

	MERRITT

ISLAND
	MLAC

MLMC
	FPQ-14

MCB-17
	RADAR TRK
	2 OF 7HD
	2 OF 7 HD
	
	NOT SCHEDULED

ACCEPT

BEST

EFFORT

CALLUP

	
	
	
	
	
	
	
	

	PATRICK
	PATC
	FPQ-14
	RADAR TRK
	
	
	
	

	CANAVERAL
	CNVC

CMTC
	FPS-16

MOTR
	RADAR TRK
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	JONATHAN

DICKinSON
	JDIC
	FPQ-14
	RADAR TRK
	
	
	
	

	MILA
	MILS

OR

MLXS
	S-BD
	RANGING TRK
	
	
	
	

	WALLOPS
	WLPC

WLRC

WLIC

WLMC
	FPQ-6

FPS-16

FPS-16

rIR-778
	RADAR TRK
	
	2 OF 4 HD [4]
	
	


 ®[072795-1722 ]   ®[ED          ]   ®[121296-4177D]   ®[072398-6565A]   ®[021199-6817 ]  ®[070899-6882 ]   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-102
INTEGRATED NETWORK FAILURE DECISION MATRIX  (CONTINUED)
	INTACT ABORT LANDINGS AT EDWARDS OR NORTHRUP STRIP

	SITE
	STATION ID
	TYPE
	RQMNT
	(POST LAUNCH)

EDW

AOA & 1ST DAY PLS
	(POST LAUNCH)

NOR

AOA & 1ST DAY PLS

	DRYDEN
	ATF1
	S-BD-21


	TLM

CMD 

VOICE 
	1 OF 2 HD
	

	
	ATF2
	
	
	
	

	
	PARABOLIC DISH
	UHF
	VOICE
	1 OF 3 HD
	

	TDRSS
	WSC
	S-BD
	CMD

TLM

VOICE

TRK
	M [5], [6]
	M [5], [6]

	NORTHRUP

STRIP
	SAL
	UHF OMNI
	VOICE
	
	2 OF 2 HD [9]

	
	NORTHRUP STRIP
	UHF OMNI
	
	
	

	PT. PILLAR 
	PPMC
	MPS-36
	RADAR TRK
	NOT SCHEDULED

ACCEPT BEST EFFORT CALLUP

[10]
	

	
	PTPC
	FPQ-6
	
	
	

	VANDENBURG 
	VDHC
	FPQ-14
	RADAR TRK
	
	

	
	VDBC
	TPQ-18
	
	
	

	
	VDSC
	FPS-16
	
	
	

	
	VDMC
	MOTR
	
	
	

	EDWARDS/ 

DRYDEN 
	FRCC
	RIR-716
	RADAR TRK
	
	

	
	FDRC
	RIR-716
	
	
	

	
	FRFC
	FPS-16
	
	
	

	
	EFFC
	FPS-16
	
	
	

	WHITE SANDS 

MISSILE RANGE 


	HOLC
	FPS-16
	RADAR TRK
	
	NOT SCHEDULED

ACCEPT BEST EFFORT CALLUP

	
	WHSC
	FPS-16
	
	
	

	
	WSSC
	FPS-16
	
	
	

	
	WSMC
	MOTR
	
	
	


®[072795-1722 ]   ®[061396-3198 ]   ®[072398-6565A]   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-102
INTEGRATED NETWORK FAILURE DECISION MATRIX  (CONTINUED)
	END OF MISSION – 2ND DAY PLS THROUGH NOMINAL EOM

	SITE
	STATION ID
	TYPE
	RQMT
	KSC
	EDWARDS
	NORTHRUP STRIP

	TDRSS
	WEST
	S-BD
	TLM

CMD

VOICE
	M
	M
	M

	
	EAST
	
	
	M
	
	

	
	ANY
	
	TRK
	M
	M
	M

	MILA
	
	RANGING
	TRK
	HD
	
	

	
	MILS
	S-BD 30-1
	TLM

CMD

VOICE
	1 OF 2 HD [7]
	
	

	
	MLXS
	S-BD 30-2
	
	
	
	

	
	TELTRAC
	UHF
	VOICE
	1 OF 2 HD
	

	
	QUAD HELIX
	
	
	
	

	MERRITT

ISLAND
	MLAC
	FPQ-14
	RADAR TRK
	2 of 5 HD
	
	

	
	MLMC
	MCB-17
	
	
	
	

	PATRICK
	PATC
	FPQ-14
	
	
	
	

	CANAVERAL
	CNVC
	FPS-16
	
	
	
	

	
	CMTC
	MOTR
	
	
	
	

	DRYDEN
	ATF1
	S-BD 12
	TLM

CMD

VOICE
	
	1 of 2 HD [8]
	

	
	ATF2
	
	
	
	
	

	
	PARABOLIC DISH
	UHF
	VOICE
	
	1 of 3 HD
	

	PT. PILLAR
	PPMC
	MPS-36
	RADAR TRK
	
	ANY 2 RADARS FROM

PT. PILLAR

VANDENBURG

EDWARDS

Or

DRYDEN

HD

[10]
	

	
	PTPC
	FPQ-6
	
	
	
	

	VANDENBURG
	VDHC
	FPQ-14
	RADAR TRK
	
	
	

	
	VDBC
	TPQ-18
	
	
	
	

	
	VDSC
	FPS-16
	
	
	
	

	
	VDMC
	MOTR
	
	
	
	

	EDWARDS/ DRYDEN
	FRCC
	RIR-716
	RADAR TRK
	
	
	

	
	FDRC
	RIR-716
	
	
	
	

	
	FRFC
	FPS-16
	
	
	
	

	
	EFFC
	FPS-16
	
	
	
	

	NORTHRUP

STRIP
	SAL
	UHF
	VOICE
	
	
	2 of 2 HD [9]

	
	NORTHRUP STRIP
	UHF OMNI
	
	
	
	

	WHITE SANDS

MISSILE RANGE


	HOLC
	FPS-16
	RADAR TRK
	
	
	2 of 4 HD

	
	WHSC
	FPS-16
	
	
	
	

	
	WSSC
	FPS-16
	
	
	
	

	
	WSMC
	MOTR
	
	
	
	


 ®[121593-1590 ]   ®[072795-1772 ]   ®[121296-4177D]   ®[072398-6565A]   ®[062702-5502C] 
THIS RULE CONTINUED ON NEXT PAGE

A3-102
INTEGRATED NETWORK FAILURE DECISION MATRIX  (CONTINUED)
Notes:

[1]
FOR MISSIONS WITH AN INCLINATION OF 28.5 DEG, PDL S-BAND AND UHF UPLINK IS HIGHLY DESIRABLE.   ®[062702-5502C] 
[2]
FOR MISSIONS WITH AN INCLINATION GREATER THAN 28.5 DEG, PDL CMD OR UHF UPLINK IS REQUIRED since MIL UHF IS BLOCKED BY THE SRB PLUME.

[3]
ANY TDRS EAST IS MANDATORY.

[4]
WLPC AND WLRC ARE SCHEDULED FOR ALL MISSIONS GREATER THAN 28.5 DEG.  WLIC OR WLmC ONLY SCHEDULED FOR 57-DEG MISSIONS OR WHEN WLPC OR WLRC ARE UNAVAILABLE.

[5]
ONE TDRS REQUIRED TO ENSURE PRE-BURN STATE VECTOR ACCURACY FOR 1ST DAY PLS DEORBIT IF ONBOARD GPS IS FAILED.   

[6]
ANY TDRS WEST IS MANDATORY FOR AOA AND 1ST DAY PLS.

[7]
ANY TDRS EAST OR MILA IS MANDATORY TO COVER THE LAST PHASE OF KSC LANDING AND POST LANDING SUPPORT UNTIL VEHICLE IS HANDED OVER TO GOM.

[8]
ANY TDRS WEST OR DFRC IS MANDATORY TO COVER THE LAST PHASE OF EDW LANDING AND POST LANDING SUPPORT UNTIL VEHICLE IS HANDED OVER TO GOM.

[9]
FOR A LANDING AT NORTHRUP STRIP (WSSH), THE UHF SYSTEMS DO NOT PROVIDE REDUNDANT COVERAGE FROM AOS THROUGH WHEELSTOP, SO BOTH SYSTEMS ARE REQUIRED. 
[10]
POINT PILLAR RADAR MAY BE SCHEDULED IN PLACE OF VANDENBURG RADAR WHEN EXPECTED MAXIMUM ELEVATION IS GREATER THAN 5 DEGREES.   ®[062702-5502C]  
A3-103
CRITICAL LAUNCH SYSTEMS RECOVERY TIMES
	SYSTEM
	SERVICE 
	DESCRIPTION OF 

EQUIPMENT  
	QUANTITY OF EQUIPMENT REQUIRED/ SCHEDULED/ TOTAL
	AVERAGE SELECTOVER TIME

(AUTO OR MAN)
	AVERAGE

TIME TO RESTORE 

REDUNDANCY FOLLOWING REPAIR
	ASSESSMENT/

COMMENT

	CCF Consolidated Communication Facility

Processes and routes all data coming in and out of the MCC
	CMD & A/G Voice

TLM & A/G Voice

TRK DATA

ALL

ALL

ALL

Uplink & Downlink

TLM & CMD LAN I/F
	FEP - Uplink 

FEP - Downlink/ Real time

FEP-Ground-to-Ground

CDSS

NASCOM IP Equip.

NASCOM IP Circuits

MDM

GIGASWITCH

CEM (CCF Element Manager)


	1 of 2/3

1 of 2/3

1 of 2/2

Built in Redundancy

1 of 2/2

Multiple

1 of 2/2

1 of 2/2

1 of 2/2
	30 sec (M)

30 sec (M)

20 sec (M)

N/A

30 sec (M)

1 sec (A)

30 sec (M)

30 sec (A)

4 min (M)
	10 min

10 min

10 min

Built in Redundancy

15 min

See Note 1

10 Min

Reboot 1 min

Reboot 6 min
	FEP restore times assume reallocation and reboot of FEP platforms, (Platform consists of U/L, D/L RT, & Playback)

CDSS critical circuits have multiple routing.  Repair failed circuits after launch.

Note 1 - 30 minutes - call out, 2 hours - repair for external carrier.  Return to service may be longer.

Failure of CEM results in loss of status and control but data flow continues, configuration is frozen.

	VOICE

All voice communications in/out of MCC
	S-Band A/G Voice

UHF A/G Voice

ALL Voice
	AGVE

UHF

DVIS


	1 of 2/3

1 of 2

Built in Redundancy
	5 sec (M)

1 min (M)

Built in Redundancy


	Hardware Repair

Hardware Repair

Built in Redundancy
	Assumes all 3 strings available.

DVIS CPU failure prohibits key set log on and reconfiguration - not required for launch.




 ®[062702-5502C] 
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A3-103
CRITICAL LAUNCH SYSTEMS RECOVERY TIMES  (CONTINUED)
	SYSTEM
	SERVICE
	DESCRIPTION OF

EQUIPMENT
	QUANTITY OF EQUIPMENT REQUIRED/ SCHEDULED/ TOTAL
	AVERAGE SELECTOVER TIME

(AUTO OR MAN)
	AVERAGE

TIME TO RESTORE

REDUNDANCY FOLLOWING REPAIR
	SYSTEM

	LANS

Data communication transfer for w/s’s
	
	Bridges

Concentrators


	1 of 2/2

1 of 2/2


	30 sec (A)

1 sec (A)
	Reboot: 1 min

Reboot: 1 min
	Bridges Auto Failover thru SW in 30 sec.

WS’s Failover to backup concentrators immediately.  Known problem for FDDI card failure that results in loss of total LAN segment.  Probability is very low, 1 in 200,000 to date; can recover in less than 1 hr.

	Trajectory server

- Provides Trajectory processing
	Trajectory Processing
	Trajectory server

– Hardware/OS

Trajectory Software Application – Software
	1 of 2/3
	1 sec (M)
	Reboot: 5 min
	Trajectory server

 redundancy restore time includes reboot and activity configuration of the failed server.

	PLATFORM SERVERS


	MCC Network User Services

CMD, Trajectory & TLM processing delays

Network Registration

Clock & Group Displays
	CM Servers -Platform Services

HA Servers (Read/Write)

Name Servers (Network Services)

VTS Server


	1 of 2/2

1 of 1/2

1 of 2/2

1 of 2/4


	45 sec (A)

50 min (A)

1 min (A)

30 sec (A)
	Reboot: 25 min

Reboot: 15 min

Reboot: 5 min

Reboot: 5 min
	CM Server failover for partitions is ~30 seconds.

Server fail over - 7 minutes.  Individual User services recovery varies.  45 – 60 minutes for full recovery.




 ®[062702-5502C] 
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A3-103
CRITICAL LAUNCH SYSTEMS RECOVERY TIMES  (CONTINUED)
	SYSTEM
	SERVICE
	DESCRIPTION OF

EQUIPMENT
	QUANTITY OF EQUIPMENT REQUIRED/ SCHEDULED/ TOTAL
	AVERAGE SELECTOVER TIME

(AUTO OR MAN)
	AVERAGE

TIME TO RESTORE

REDUNDANCY FOLLOWING REPAIR
	SYSTEM

	Command 
	Command Processing
	Command Servers
	1 of 1/5
	1 min (A)
	Reboot: 5 min
	Following the server fail over user command services recovery is estimated at 5-15 minutes 

	W/S’s

User I/F Device
	User Workstation 
	Dec Alpha Stations
	Multiple
	Go To B/U Position (M)
	Reboot: 15 min
RIS DL: 30 min
Replace Unit
	User reboots workstation and restarts activity to recover 

Operating System (RIS) Download and reboot 

W/S Hardware replacement would require ~ 1 hour.

	DOLILU

Day of Launch ILoad Update
	DOLILU Processing
	IPS W/S’s & File Servers,

Comm MUX, FSH & MOC,

NASCOM 2000
	1 of 2/2


	6 min (M)
	6 min
	ILoad completed 1 hr. before launch.

	Equipment Air Handlers 
	Building 30S 

DVIS Under Floor

DVIS Overhead
	Critical Equipment 

DVIS Under Floor

DVIS Overhead
	4 of 6/6

1 of 2/2

1 or 2/2
	Automatic

Automatic

Automatic
	Air Handlers
Hardware Repair

Hours
	Without cooling, equipment will be shut down within 2 hr

Without cooling, DVIS equipment will be shut down within 1 hr 

Shut down is required to prevent permanent component damage.

	Equipment Power 
	Critical Equipment 

Critical Equipment

Highly Desirable

Highly Desirable
	Building 30S AX Bus 

Building 30S A Bus 

Building 30S BX Bus 

Building 30S B Bus
	1 of 2/2

1 of 2/2

1 of 2/2

1 of 2/2
	Automatic

Automatic

Manual

Manual
	Automatic

Automatic

30 Min

30 Min
	Automatic power transfer, battery backup, generators automatically black start when commercial source power is lost. 

Manual generator startup and power transfer if commercial source power is lost. 


 ®[062702-5502C] 
Note:  Recovery times do not include fault isolation, hardware, and software repair time.   ®[062702-5502C] 
a3-104 through a3-150 rules are reserved  ®[062702-5502C] 
mcc external interface (voice data) prelaunch requirements

A3-151
MCC/KSC/45 SPW INTERFACE

A.
7.2-kb launch/landing radar circuit - ONE of TWO highly desirable.  ®[061297-6004 ] 
These circuits provide launch/landing C-band tracking data from 45 SPW/CCC to the MCC.  These are redundant circuits providing backup capability; each one capable of carrying the total traffic.   ®[061297-6004 ]
B.
9.6 KB WIND DATA CIRCUIT - ONE OF TWO MANDATORY.  ®[ED          ] 
Note:
CHANGES TO HD AFTER STRUCTURAL GO/NO-GO DECISION IS MADE.  ®[ED          ] 
These circuits support processing of ascent structural loads.  There are two redundant circuits providing backup capability; each one capable of carrying the total traffic.

c.
9.6 kb fco abort switch interface circuits – ONE OF TWO MANDATORY  ®[101096-4551 ]   ®[110900-3701 ] 
Removal of the ET Range Safety Flight Termination System resulted in additional flightcrew responsibility as agents of the 45th Space Wing Commander for public safety during second stage flight.  During this timeframe, crew-initiated manual MECO replaces range safety command destruct capability.  One of the elements agreed upon to satisfy this requirement is to provide the FCO with the ability to illuminate the orbiter cockpit abort light via pushbutton as an independent method for the FCO to communicate a manual MECO requirement to the crew.

The Launch Commit Criteria states that at least one of two FCO abort light command paths must be available until T-10 seconds.  A path consists of one abort switch circuit connected to one of three MCC workstations (FD WFCR-28, FDO WFCR-10, and SVO-9) to enable FCO abort light commanding through the MCC Command System.  Ref. Rule {A3-2}, GROUND AND NETWORK OVERALL PHILOSOPHY.  The two external FCO abort circuits and the MCC-internal lines to the three workstations go to a patch panel to allow any combination of one abort circuit and one workstation to complete an FCO abort light path.   ®[110900-3701 ]   ®[ED          ] 
THIS RULE CONTINUED ON NEXT PAGE

A3-151
MCC/KSC/45 SPW INTERFACE  (CONTINUED)

d.
FCO INTERFACES:

1.
VOICE INTERFACE - two OF four MANDATORY:

a.
FDO/FCO PRIVATE LINE

b.
FCO PRIME LOOP

c.
FD LOOP

d.
other loop patching to fco long line

2.
CONTROLLABILITY VERIFICATION - TWO OF FIVE MANDATORY:

a.
45 SPW RANGE SAFETY TELEMETRY DISPLAY SYSTEM (RTDS)

b.
CONTROLLABILITY LIGHT (GNC CONSOLE TO FCO)

c.
FCO PRIME LOOP

d.
FDO/FCO PRIVATE LINE

e.
FD LOOP

During second stage flight, removal of the ET Range Safety Flight Termination System resulted in additional flightcrew responsibility as agents of the 45th Space Wing Commander for public safety, with crew-initiated manual MECO replacing range safety command destruct capability.  Redundant FCO/MCC communications are therefore mandatory to provide the interaction and situational awareness necessary to implement this requirement.   ®[101096-4551 ] 
During first stage, range safety mission rules outline flight termination criteria and provide the FCO with the ability to determine shuttle controllability status in the event of complete loss of communication with MCC.  For purposes of making the controllability determination, range safety launch commit criteria require at least two pathways by which vehicle control status may be confirmed.  The available sources include the items listed under paragraph D.2 of this rule.   ®[101096-4551 ] 
THIS RULE CONTINUED ON NEXT PAGE

A3-151
MCC/KSC/45 SPW INTERFACE  (CONTINUED)

e.
KSC TEST DIRECTORS VOICE INTERFACE - ONE OF THREE MANDATORY: 

1.
OIS 131

2.
OIS 232/212

3.
FD

Note:
OIS 232 IS USED PRIOR TO T MINUS 20 MINUTES AND OIS 212 IS USED AFTER T MINUS 20 MINUTES AS THE PRIMARY VOICE COMMAND CHANNEL.

Same rationale as Rule {A3-52}, MCC INTERNAL VOICE.

A3-152
GSFC/STDN INTERFACE

A.
SITE TO GSFC:

1.
MIL/PDL ONLY 224-KB CIRCUIT - ONE OF TWO MANDATORY.  ®[072398-6565A] 
One of two redundant circuits is required to support mandatory telemetry from MIL/PDL.  Reference Rule {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX, for mandatory site requirements and Rules {A3-1A}.1.b and {A3-1A}.2, GROUND AND NETWORK DEFINITIONS, for HDR/LDR telemetry requirements.   ®[ED          ] 
2.
MIL 9.6-KB S-BAND HIGH SPEED TRACKING DATA CIRCUIT -  highly desirable.  ®[061297-6004 ]   ®[072398-6565A] 
This circuit supports high speed S-band tracking data from MIL.

3.
224-KB CIRCUITS:  ®[061396-3198] 
DFRF - ONE OF ONE MANDATORY.  ®[092398-6565A]   ®[ED          ] 
Note:
MANDATORY ONLY WHEN THE SITE IS THE ONLY SOURCE FOR LANDING TELEMETRY (REF. RULE {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX). ®[ED          ] 
One circuit is required from each site which is mandatory for telemetry.

B.
GSFC TO SITE:

1.
224-KB/56-KB VOICE/COMMAND CIRCUITS, MIL/PDL ONLY - ONE OF TWO MANDATORY.  ®[061396-3198 ]   ®[072398-6565A] 
The prime voice command circuit from GSFC to MIL/PDL is a 224-kb line, with a 56-kb circuit as backup.  The circuit is required to provide uplink command and voice.

2.
UHF ANALOG A/G VOICE CIRCUITS:  ®[061396-3198 ] 
MIL - ONE MANDATORY

MIL is the only site which UHF A/G and S-band A/G are both mandatory (ref. Rule {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX).  The UHF A/G must be sent to GSFC/STDN via analog circuits.   ®[072398-6565A]   ®[ED          ] 
THIS RULE CONTINUED ON NEXT PAGE

A3-152
GSFC/STDN INTERFACE  (CONTINUED)
3.
DFRF 224-KB COMMAND/VOICE CIRCUIT - ONE OF TWO MANDATORY.  ®[072398-6565A]   ®[ED          ] 
Note:
MANDATORY ONLY WHEN DFRF IS THE ONLY SOURCE FOR LANDING COMMAND OR S-BAND VOICE (REF. RULE {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX). ®[ED          ] 
This circuit provides the data path for command and S-band voice from GSFC to DFRF.

4.
WLPS 224 - KB CIRCUIT  ®[061396-3198 ]   ®[072398-6565A] 
WLPS TLM/CMD/VOICE MANDATORY PER RULE {A3-102}, INTEGRATED NETWORK FAILURE DECISION MATRIX.  ®[121593-1579 ]   ®[ED          ] 
A3-153
45 SPW/VAFB INTERFACE

9.6-KB LANDING RADAR CIRCUIT - ONE OF TWO highly desirable.  ®[061297-6004 ]   ®[ED          ] 
Note:
ONLY used FOR EDW AOA/PLS.  ®[ED          ] 
This circuit supports high speed tracking data from the west coast for EDW AOA/PLS. ®[061297-6004 ]
A3-154
45 SPW/WSMR INTERFACE

2.4-KB LANDING RADAR CIRCUIT - ONE OF TWO highly desirable. ®[061297-6004 ]   ®[ED          ] 
Note:
ONLY used FOR NOR AOA/PLS.  ®[ED          ] 
This circuit supports high speed tracking data from WSMR for NOR AOA or daily prime opportunity. ®[061297-6004 ].

A3-155
MCC/GSFC/NGT INTERFACE

WB MDM NETWORK (BROADCAST MODE) - ONE of TWO MANDATORY.

The MCC/GSFC and MCC/NGT satellite data links (WB MDM networks) provide the data interface for the GSTDN and TDRSS networks, respectively.  Mandatory telemetry, command, S-band track, and S‑band voice are routed via these links.  There are two completely redundant MDM systems to provide backup capability.  One of two is required to provide mandatory data.

A3-156
MCC/ASCENT ABORT SITE INTERFACE

COMMUNICATIONS CAPABILITY WITH required ASCENT ABORT SITES - ONE OF THREE MANDATORY:  ®[111094-1716A ] 
A.
LONGLINE (LFP1)

B.
INMARSAT

C.
COMMERCIAL TELEPHONE

Prelaunch, the MCC must be able to communicate with the required ascent abort landing site, (ref. Rule {A2-2}, ABORT LANDING SITE REQUIREMENTS).  This insures that there has not been a change in weather or nav/landing aid status.  It also insures that anomalies can be passed to the ground support team and that the runway and airspace are clear for a safe landing.  This can be accomplished by insuring that at least one of the communications capabilities listed above are available.   ®[111094-1716A ] 

a3-157 through a3-200 rules are reserved

navaids requirements

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy

a.
redundancy requirements ®[020196-1807B]
1.
REDUNDANT TACAN TRANSPONDER CAPABILITY IS MANDATORY FOR launch commit at the following sites:

a.
rtls

b.
primary tal if required

c.
aoa if required

d.
FIRst day pls if required (etro for equipment outage must be prior to deorbit decision)

note:
ref rule {A2-2}, abort landing site requirements for abort site launch commit requirements.

2.
REDUNDANT TACAN TRANSPONDER CAPABILITY IS MANDATORY FOR pls (other than first day pls), mdf, and end of mission deorbit commit (ref rule {A4-107}, pls/eom landing opportunity requirements).

3.
THE redundant tacan transponder REQUIREMENT CAN BE SATISFIED BY ONE GROUND STATION WITH DUAL STRING (DS) TRANSPONDERS, BY TWO STATIONS WITH SINGLE-STRING (SS) TRANSPONDER CAPABILITY, or by one ground station with single-string (ss) transponder capability and a gps lru functioning properly (Ref. Rule {A8-115}, GPS SYSTEM MANAGEMENT).  ®[020196-1807B]   ®[092602 5642 ] 
Rules {A2-2}, ABORT LANDING SITE REQUIREMENTS, and {A2-1F}.3, PRELAUNCH GO/NO-GO REQUIREMENTS, reference this rule.   ®[121593-1590 ] 
Landing site selection will be based on priorities specified in Rule {A2-207}, Landing Site Selection.   ®[022201-3857 ] 
THIS RULE CONTINUED ON NEXT PAGE

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy  (CONTINUED)

GPS provides acceptable redundancy to a TACAN ground station that has only a single-string transponder.  In the event that the single-string transponder becomes unavailable, the onboard GPS LRU will provide a means to keep the onboard state vector within the Guidance constraints.  This is contingent upon GPS functioning properly (ref. Rule {A8-115}, GPS SYSTEM MANAGEMENT).   ®092602-5642 ] 
Landing sites and TACAN’s are loaded in the onboard software and can be changed in OPS 1/6/3.  Uplink of an acceptable alternate TACAN may be performed to meet redundancy requirements for OPS 6/3 entries.  TACAN requirements for EOM and other landing opportunities are not considered in the decision to launch.   ®[020196-1807B]    ®[022201-3857 ] 
RTLS
TACAN processing is required to protect the guidance-imposed navigation entry constraints for an RTLS.  An offline analysis that assumed a launch on time using IMU’s and ADTA with nominal performance characteristics and random noise showed that 3-sigma navigation performance violated the entry guidance constraints of downtrack and crosstrack at altitudes of 85k feet and 40k feet, respectively.

TAL (IF REQUIRED)   ®[121593-1590 ] 

TACAN is required to protect against navigation dispersions for TAL because neither delta state nor GCA is available without ground tracking.  TACAN is the primary source to correct downtrack and crosstrack errors in the navigation state.   ®[020196-1807B] 
Redundant TACAN transponder capability near the selected TAL site is mandatory for launch to provide adequate navigation.  If weather conditions are unacceptable at the primary TAL site, then redundant TACAN transponder capability becomes mandatory near the secondary site.

AOA/FIRST DAY PLS (IF REQUIRED)

Although an AOA landing site is not normally required for launch commit (ref. Rule {A2-2}, ABORT LANDING SITE REQUIREMENTS), the TACAN requirements are shown in the event that an AOA site is required.  Redundant TACAN transponder capability is required for the primary AOA landing site only.  The navigation state conditions are worse for AOA compared to RTLS or TAL because the vector is 1 hour older and the vehicle requires one or two OMS burns.  For a first day PLS, the site may be considered go if equipment outage resulting in less than single-fault tolerance has an ETRO prior to deorbit decision time.   ®[121593-1590 ]   ®[020196-1807B] 
B.
In general, Program approved tacan’s (listed below for end of mission and intact abort sites; not in order of priority) that meet the criteria in parAGRAPH C will be used to meet the redundancy requirements.  consideration will be given to other tacan’s that meet the criteria in parAGRAPH C if they provide a navigation improvement over an approved tacan.  ®[020196-1807B] 
THIS RULE CONTINUED ON NEXT PAGE

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy  (CONTINUED)
1.
kennedy space center:

-
titusville, tts (ds)

-
patrick, cof (ss)

-
ormond beach, omn (SS)

-
lakeland, lal (SS)  ®[020196-1807B] 
-
orlando, orl (SS)  ®[020196-1807B]   ®[022201-3857 ] 
2.
edwards afb:

-
edwards, edw (ss)

-
Lake Hughes, lhs (ss)

-
china lake, nid (ds)

-
gorman, gmn (ss)

-
palmdale, pmd (ss)

-
pomona, pom (ss) 

3.
northrup:

-
white sands space harbor, sng (Ss)

-
hollOman afb, hmn (ss)

-
truth or consequences, tcs (ss)

4.
banjul:

-
yundum intl, byd (ds)  ®[020196-1807B] 
THIS RULE CONTINUED ON NEXT PAGE

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy  (CONTINUED)
5.
ben guerir:

-
ben guerir, ben (ds)

6.
moron

-
moron, mrn (ss)

-
rota, aog (ds)  ®[020196-1807B]
7.
zaragoza:  ®[020196-1807B]
-
zaragoza, zza (ds) 

Program approved TACAN’s refer to those TACAN’s listed in NSTS 07700, Volume X, Book 3, controlled by the PRCB, approved by the SASCB for use in the onboard I-loads, or contained in this flight rule.  When selecting an alternate TACAN station to meet redundancy requirements, priority will generally be given to program approved TACAN’s that meet the criteria in paragraph C.  If no program approved TACAN’s meet the criteria or other TACAN’s that meet the criteria provide a navigation improvement, non-program approved TACAN’s may be used to meet the redundancy requirements.  Note that in most cases, there will be no program approved alternate TACAN station since both NSTS 07700 and the onboard I-loads only include a primary and secondary TACAN for each site.   ®[022201-3857 ] 
C.
alternate TACAN’S that satisfy the following criteria (not in priority order) may be uplinked in ops 1/3 to meet the redundancy requirements in part a.  ®[022201-3857 ] 
note:
these criteria apply to ground stations required for launch commit and commit to deorbit.  refer to rule {A2-264}, emergency landing facility criteria, for els minimum requirements.

1.
no cochannel interference predicted below 130K ft altitude.

note:
in some cases, cochannel interference may be eliminated by powering off the interfering station(s) for the period of shuttle operations.

THIS RULE CONTINUED ON NEXT PAGE

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy  (CONTINUED)
2.
tacan must be operating prior to launch or deorbit commit as applicable per parAGRAPH a

3.
within 50 nm of the runway.

4.
power level ( 1.5K watts.  ®[020196-1807B]
5.
nima or faa tacan database coordinates must be available as a minimum.  survey data is highly desirable, but not mandatory.  ®[020196-1807B]   ®[022201-3857 ] 
6.
nasa or FAA certified and accurate within 0.3 nm and 1.0 degree (REF rule {A8-52}, sensor failures).  Consideration will be given to the use of a tacan which has been evaluated via gps equipped sta but which has not been completely certified.  ®[ED          ] 
Alternate TACAN’s may be uplinked in OPS 1/3 to satisfy the redundancy requirements for OPS 6/3 entries.  The process of selecting an alternate TACAN begins with the TACAN Cochannel Interference Document (NAV-98-4237-032) which includes several potential TACAN stations for space shuttle landing sites.  This document contains cochannel interference data which is generated assuming a nominal range-altitude profile, constant power level of 3.5 KW, and an approximation for the shape of the parabolic TACAN signal propagation.  This interference data along with the expected groundtrack can be used to approximate the altitude below which a given TACAN station is clear of interference and to determine which TACAN stations must be powered off to reduce or eliminate interference.  In addition to the cochannel interference data, the TACAN Cochannel Interference Document lists the type of station (TACAN, VORTAC, VORDME, or DME), data source (survey or NIMA/FAA database), and the distance and direction from the runway.

Once an acceptable TACAN or VORTAC is identified based on runway proximity and cochannel interference, the operating hours and power level are verified to ensure the TACAN will be available during entry.  TACAN’s used to meet the redundancy requirements must be operational prior to launch commit for RTLS, TAL (if required), and AOA (if required).  If first day PLS is required, the TACAN(s) must have an ETRO prior to deorbit decision time.  For PLS, MDF, and end of mission, the TACAN(s) used to meet the redundancy requirements must be operating prior to deorbit commit and until touchdown.  The TACAN(s) must be available throughout entry to touchdown to ensure continuous TACAN processing.

THIS RULE CONTINUED ON NEXT PAGE

A3-201
TACAN Redundancy requirements and alternate tacan selection philosophy  (CONTINUED)
A maximum distance of 50 nm from the TACAN to the runway is required to ensure TACAN lock-on until MLS acquisition.  The groundtrack proximity may also be considered in the alternate TACAN selection process.  The minimum power level of 1.5K watts and cochannel interference requirements were chosen to obtain TACAN lock-on by 130K ft, which is the altitude where 3 sigma downtrack error will exceed the guidance constraints if TACAN data is not processed.  Interfering TACAN’s may be powered off if possible to eliminate predicted interference below 130K ft.

Although survey data is preferred, it is not required, provided data is available from the NIMA/FAA TACAN database.  Non-survey coordinates provided by NIMA/FAA are accurate within about 1000 ft.  Past TACAN measurement data quality observed during shuttle missions and flight tests may also be considered in the alternate TACAN selection process.   ®[020196-1807B]   ®[022201-3857 ] 
The FAA or NASA certification requirements are contained in NSTS 07700, Volume X, Book 3.  The FAA accuracy requirements are outside those required by space shuttle navigation.  Therefore, an FAA controlled TACAN must also meet the 0.3 nm and 1.0 degree accuracy requirements contained in Rule {A8-52}, SENSOR FAILURES.   ®[020196-1807B]   ®[022201-3857 ] 
d.
if a TACAN ground station fails after launch or deorbit and a TACAN that meets the criteria in paragraph c does not exist, other alternates (DME’s included) may be considered for uplink to provide some form of backup capability. 

The criteria in paragraph C is provided to ensure an acceptable TACAN is used to meet the redundancy requirements for commit to launch or commit to deorbit.  However, if a TACAN fails after launch or deorbit and a TACAN that meets the criteria in paragraph C does not exist, the best alternate including DME’s may be uplinked.  Although this alternate may not protect 3 sigma navigation performance, it provides some form of backup capability.   ®[020196-1807B]

A3-202
MLS

REDUNDANT MLS CAPABILITY, INCLUDING AZIMUTH, ELEVATION, AND RANGE DATa, IS REQUIRED FOR THE FOLLOWING:  ®[070899-6872A] 
A.
REDUCED CEILING, VISIBILITY, or increased rtls crosswind LIMITS (REF. RULE {A2-6}, LANDING SITE WEATHER CRITERIA [HC]) FOR DAYLIGHT, CONCRETE RUNWAY LANDINGS.  ®[111094-1622B]   ®[041196-1817B] 
Because MLS provides improved navigation and position accuracy with respect to the runway, a reduction in ceiling, visibility or an increase in RTLS crosswind requirements is allowed.  However, because of the dependence on MLS during the critical landing phase with reduced ceilings/ visibility, combined with the more stringent navigation requirements for concrete runways, single-fault tolerant capability must exist to guarantee MLS availability.  Redundant MLS capability can be either the standard primary/backup MLS ground station or two collocated single-string MLS Jr. stations.  The relatively less stringent navigation requirements for lakebed runways make it possible to relax the redundancy requirement to zero-fault tolerant.  One-sigma onboard navigation position errors improve from approximately 400 feet without MLS to approximately 85 feet after the first MLS measurement, decreasing to just over 50 feet 1-sigma by touchdown.  Azimuth and range measurements are required to allow MLS processing, and elevation is required to correct altitude errors.  Detailed definitions of ceiling, visibility and RTLS crosswinds are covered in Rule {A2-6}, LANDING SITE WEATHER CRITERIA [HC].   ®[111094-1622B]   ®[041196-1817B] 
B.
NIGHT LANDINGS ON ALL CONCRETE RUNWAYS OR NIGHT LANDINGS ON LAKEBED RUNWAYS WITH CEILINGS LESS THAN THOSE SPECIFIED IN RULE {A2-6}, LANDING SITE WEATHER CRITERIA [HC]. ®[111094-1622B]
MLS is required due to the loss of visual cues and the related degradation of the crew’s ability to visually compensate for navigation dispersions during night landing operations.  Because of this requirement, single-fault tolerant capability must exist to guarantee MLS availability (ref. paragraph A rationale) for landings on concrete runways where large lateral dispersions at touchdown are less tolerable than for lakebed runways.

For lakebed landings only, single-string MLS is acceptable if the lowest ceiling is at or above those specified in the Rule {A2-6}, LANDING SITE WEATHER CRITERIA [HC].  The increased ceiling provides additional time for the crew to compensate for navigation dispersions using visual cues.  In addition, the larger area provided by the lakebed environment makes navigation dispersions resulting from the possible failure of the single-string MLS more tolerable.   ®[111094-1622B] 
Rules {A2-1F}.3, PRELAUNCH GO/NO-GO REQUIREMENTS; {A2-2}, ABORT LANDING SITE REQUIREMENTS; {A3-203}, LANDING AID REQUIREMENTS; and {A8-1001}, GNC GO/NO-GO CRITERIA, reference this rule.   ®[111094-1622B]    ®[070899-6872A] 
A3-203
LANDING AID REQUIREMENTS

LANDING AIDS (CONCRETE/LAKEBED)  ®[070899-6881 ] 
	PAPI

Lights
	Aimpoint
	Ballbar
[1]
	Xenon

Lights
	Edge Lights/

Reflectors
	

ALS
	Center

Line

Lights
	Runway

Remaining

Markers

	CDR HUD w/MLS
	1 of 2 HD
	HD
	RUNWAY LIGHTS AND MARKERS

NOT REQUIRED FOR

DAYLIGHT LANDINGS

	CDR HUD w/No MLS
	1 of 2 M
	M
	

	No CDR HUD
	M
	HD
	M
	

	NIGHT LANDING
	M
	N/R
	M
	M
	M
	HD
	HD
	M
[2]


 ®[102402-5786 ] 
[1]
Ballbar is Mandatory for TAL.

[2]
Runway Remaining Markers (RRM’s) are Mandatory for night landings on concrete only.

PAPI lights are required at the proper aimpoint position (nominal or close in as recommended) for all lighting and surface conditions.  The exceptions are daylight landings where the use of an aimpoint and a HUD will substitute for a PAPI, or when the CDR HUD and MLS are available.  PAPI lights allow the pilot to visually acquire the proper outer glide slope with a good degree of accuracy.  In daylight, the use of an aimpoint and a HUD (visual glide slope information provided by onboard navigation) will provide the crew with similar cues to the outer glide slope.  The combination of the HUD and MLS can also provide the necessary cues for flying the outer glide slope in daylight.  In this case, either the PAPI lights or aimpoint are only highly desirable.  For purposes of this rule, the MLS capability is required.  For specific MLS ground station redundancy and LRU requirements reference Rules {A3-202}, MLS, and {A8-18}, LANDING SYSTEMS REQUIREMENTS.  If MLS is not available, then either the PAPI lights or aimpoint are mandatory (PAPI lights preferred).  Without MLS, navigation accuracy may not be good enough to provide a reliable crosscheck of the HUD runway overlay for confirming and flying the outer glide slope.  PAPI lights are mandatory for night landings or landings without the CDR HUD to help offset the loss of visual cues and references and the degraded ability to compensate for navigation errors.   ®[070899-6881 ]
Ball bars are mandatory for TAL sites because of the reduced runway length and width (< 300 feet) as compared to CONUS runways.  Without the ball bar, the reduced width of the runway can result in a false visual perception of being too high above the glide slope which can lead to descending through the inner glide slope and landing short of the runway.  

THIS RULE CONTINUED ON NEXT PAGE

A3-203
landing aid requirements  (CONTINUED)
For daylight CONUS landings where the visual scene is “as trained to,” a ball bar is only highly desirable when both the CDR HUD and MLS are available.  MLS plus the CDR HUD provides sufficient cues to allow an accurate transition to the inner glide slope.  For purposes of this rule the MLS capability is required.  For specific MLS ground station redundancy and LRU requirements, reference Rules {A3-202}, MLS, and {A8-18}, LANDING SYSTEMS REQUIREMENTS.  Without MLS, the navigation accuracy (primarily the HUD velocity vector) may not be good enough to guide the pilot on the H/Hdot profile required to capture (Pre-Flare) and fly the inner glide slope through threshold crossing; therefore, a ball bar is mandatory.  Ball bars are mandatory for night landings or landings without the CDR HUD to help offset the loss of visual cues and references and the degraded ability to compensate for navigation errors.   ®[070899-6881 ]
Runway remaining markers (RRM’s) are only mandatory for night concrete landings.  The length of concrete runways and night conditions necessitate the need for RRM’s due to the reduced margin of error in determining runway remaining.  These markers give the pilot a visual cue to the rollout distance remaining and the brake profile required to stop on the field.

Runway lighting is required for night landings in order for the pilot to see the runway on approach, touchdown, and rollout.  The Xenon lights are considered mandatory, as they provide the primary means for lighting the immediate runway area (approach path, threshold, and touchdown point).  Runway edge lights/reflectors are mandatory as they provide the primary visual cue for lateral margin during touchdown and rollout.  Approach Lighting System (ALS) lights are not mandatory because the Xenon lights, edge lights/reflectors, and PAPI/ball bar requirements suffice for centerline/threshold lighting and targeting cues.  Centerline lights are available as a secondary cue at the KSC SLF and are only highly desirable.   ®[102402-5786 ] 
Reference Ascent/Entry Flight Techniques Panel, April 16, 1999.   ®[070899-6881 ]
Rules {A2-1}, PRELAUNCH GO/NO-GO REQUIREMENTS; and {A2-2}, ABORT LANDING SITE REQUIREMENTS, reference this rule.   ®[121593-1590 ] 
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