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�A3.1.1-1	GROUND REQUIREMENTS OVERVIEW)

THE VARIOUS EQUIPMENT LISTINGS IN THIS SECTION ARE REQUIRED TO

PROVIDE THE FOLLOWING MCC/STDN CAPABILITY:

The launch is protected for the loss of critical MCC/STDN equipment.

The MCC/STDN equipment provides the ability to collect, process, and display the parameters utilized for enforcement of vehicle systems rules; provides the means for uplinking a command response; and provides the means to communicate between flight crew and flight control teams.

A.	ASCENT:

1.  COMMAND, TELEMETRY, AND A/G VOICE (S-BAND AND UHF) ARE 

        REQUIRED:1.	COMMAND, TELEMETRY, AND A/G VOICE (S-BAND AND UHF) ARE REQUIRED:

Protection is afforded from a launch with unplanned coverage gaps due to MCC/STDN equipment 

outages.  The launch is protected for the loss of critical MCC/STDN equipment.

Command is required to provide uplink remedies to systems problems which require off-nominal systems configurations that can be most effectively accomplished or only accomplished from the ground.

Telemetry is required for verification of successful commanding and for identification of vehicle subsystem rule violations.



NOTE:  This is not part of the rule - the  ìTracking is required...î paragraph is deleted



A/G voice is required for abort request and abort region calls and to respond to observed vehicle systems rule violations.

Rule {A3.1.2-3}, COMMAND, references this rule.

a.	TRACKING IS HIGHLY DESIRABLE FROM EITHER ONE S-BAND AND ONE C-BAND, OR TWO C-BANDS FROM LIFT-OFF THROUGH 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 one minute of tracking post-MECO is required for processor convergence.  An accurate post-MECO ground filter vector may be used to update onboard nav 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.

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 one minute of tracking post-MECO is required for processor convergence.  An accurate post-MECO ground filter vector may be used to update onboard nav 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.



Ground tracking through MECO+2 is highly desirable rather than mandatory because flight history and Mean Time Betwen Failure (MTBF) data show that the probability of either software or hardware failures corrupting onboard nav during ascent are extremely small.  MTBF studies for the Hains IMUs, GPCs,  and MDMs indicate a probability of loss of two IMUs to be on the order of 10-10 .  Although recovery of corrupted onboard nav 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 nav 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. Ground tracking through MECO+2 is highly desirable rather than mandatory because flight history and Mean Time Betwen Failure (MTBF) data show that the probability of either software or hardware failures corrupting onboard nav during ascent are extremely small.  MTBF studies for the Hains IMUs, GPCs,  and MDMs indicate a probability of loss of two IMUs to be on the order of 10-10 .  Although recovery of corrupted onboard nav 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 nav 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.

Reference rules A4.1.2-8A., NAVIGATION UPDATES, ASCENT PRE-MECO, A4.1.2-8C., PRTLS, A4.1.2-8B, ASCENT POST-MECO AND PRE-OMS-1, A4.1.2-8E., POST-MECO PRIOR TO A COMMIT TO ORBIT, and A4.1.2-8F., (RENDEZVOUS)..



CHANGE THE RATIONALE OF A3.1.1-1 A.1.c. AS FOLLOWS:



Command is required to provide an uplink remedy for systems problems such as... Command is required to provide an uplink remedy for systems problems such as...

Command is required to provide an uplink remedy for systems problems such as



CHANGE THE RATIONALE OF A3.1.1-1 A.2. AS FOLLOWS:



Command is required for uplink of off-nominal systems configurations required due to systems failures... Command is required for uplink of off-nominal systems configurations required due to systems failures...

Command is required for uplink of off-nominal systems configurations required due to systems failures



CHANGE A3.1.1-1 B. AS FOLLOWS:



B.	RTLS:

1.	DUAL TRACKING CAPABILITY (TWO C-BANDS OR ONE C-BAND AND ONE S-BAND) IS HIGHLY DESIRABLE FROM MECO TO 100K FEET.

The MOC 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 nav state(after nominal TACAN acquisition) in order to correct a violation of delta state limits.  Dual tracking capability capability also allows time to GCA to within guidance limits prior to TAEM.

2.	TELEMETRY IS REQUIRED POST-MECO TO LANDING.

Telemetry of flight-critical systems provides the ability to determine system rule violations and provide systems-related updates through landing.Telemetry of flight-critical systems provides the ability to determine system rule violations and provide systems-related updates through landing.

Telemetry of flight-critical systems provides the ability to determine system rule violations and provide systems-related updates through landing.

3.	COMMAND IS HIGHLY DESIRABLE POST-MECO TO 100K FEET.

Command capability allows for delta state uplink through 100k feet.



A3.1.3-3	STDN FAILURE DECISION MATRIX



SITE�TYPE�CALL�RQMT�PRELAUNCH [1]�������SIGN��ASCENT/RTLS��AOA [10]�1ST DAY PLS [10]��JONATHON

DICKSON�S-BD�JDIS�TLM/V�1 

OF�����PONCE DE�S-BD 14�PDLS�TLM/V�2 M�����LEON���CMD/V�HD [12]�1 OF�������UHF��2 M [13]����MERRITT�S-BD 30�MILS�UHF������ISLAND�OR�OR�TLM/V�M��M (KSC)�M (KSC���S-BD 30�MILXS�CMD/V���������TRK�HD��

�

���FPQ-14�MLAC�TRK���NOT SCHEDULED�NOT SCHEDULED ���MCB-17�MLMC�TRK���ACCEPT�ACCEPT AS ��PATRICK�FPQ-14�PATC�TRK�2 OF 5 HD��BEST�BEST��CANAVERAL�FPS-16�CNVC�TRK���EFFORT�EFFORT���MOTR�CMTC�TRK���CALLUP�CALLUP��WALLOPS�S-BD 30�WLPS�TLM/V

CMD/V�

1 OF 3 M [14]��������TRK�HD������FPQ-6�WLPC�TRK�2 OF 3 HD HD������FPS-16�WLRC�TRK�[5]������FPS-16�WLIC�TRK������BERMUDA�FPQ-6�BDQC�TRK� HD HD�[4][4]����ISLAND�S-BD 30�BDAS�TRK��������OR�UHF�M�������BDXS�CMD/V�1 OF 1 M [4] 28( or 39(��������TLM/V�1 OF 3 M [14] 57( OR 51.6(�����NEW �S-BD 46�NHS�CMD/V�1 OF 3 M [14]�����HAMPSHIRE���TLM/V��������������� Æ[072795-1722†] 

����POST�POST�POST�EDW�NOR�TAL�1ST DAY PLS [10]������MECO�MECO�MECO�AOA�AOA��������28.5(�39(�57(, 51.6(�[10]�[10]��������INCL�INCL�INCL������������������TDRSS�S-BD �ANY TDRS�TRK�HD�HD�M [2]����������M���[8]�[6]�M�SAME AS AOA����TDR-E�TLM/V�������FOR EDW/NOR�����CMD/V��1 OF 2��[7]�M��PLS��MADRID�S-BD  8�MAXS�CMD/V��M�1 OF���������������������TLM/V������������TRK��HD��HD�������OAKHANGER�S-BD 60�TCSS�CMD/V������������TLM/V���3 M���������UHF [3]������������TRK��������� Æ[072795-1722†] 





This Rule Continued on Next Page

�A3.1.3-3	STDN FAILURE DECISION MATRIX  (continued)



SITE�TYPE�CALL�RQMT��PRELAUNCH������SIGN��ASCENT/RTLS�AOA [10]��1ST DAY PLS [10]�����������GOLDSTONE�S-BD 85�GDXS�TRK��NOT SCHED NOT SCHED�������CMD/V����SAME AS AOA�����TLM/V����FOR EDW PLS�������1 OF 3 M (EDW)����DRYDEN�S-BD 12�DFRF�TLM/V��[7]�������CMD/V���������UHF [3]��1 OF 3 M (EDW) [8]����NORTHRUP�UHF�SAL�UHF��1 OF 2 M [6]����STRIP�OMNI��������PT. PILLAR�MPS-36�PPMC�TRK�������FPQ-6�PTPC�TRK������VANDENBERG�FPQ-14�VDHC�TRK�������TPQ-18�VDBC�TRK�������FPS-16�VDMC�TRK�������FPS-16�VDFC�TRK����SAME AS AOASAME AS AOA��SAN NICHOLAS�FPS-16�SNIC�TRK����FOR EDW PLSFOR EDW PLS��ISLAND�FPS-16�SNFC�TRK��NOT SCHEDULEDNOT SCHEDULED�����FPS-16�SNSC�TRK������PT. MUGU�FPS-16�PMPC�TRK��ACCEPT BESTACCEPT BEST�����FPS-16�PMFC�TRK�������FPS-16�PMSC�TRK��EFFORT CALLUPEFFORT CALLUP����EDWARDS/�FPS-16�FRCC�TRK�������FPS-16�FRFC�TRK������DRYDEN�FPS-16�EFFC�TRK������MT. LEMMON�CAPRI�MTLC�TRK������SCOTT PEAK�FPS-16�SPKC�TRK������WHITE SANDS�FPS-16�HOLC�TRK������MISSILE RANGE�FPS-16�WHSC�TRK������ �FPS-16�WSSC�TRK������ Æ[121593-1590†]  Æ[072795-1772†] 





This Rule Continued on Next Page

�A3.1.3-3	STDN FAILURE DECISION MATRIX  (continued)

Notes:	

	[1]	ASCENT, RTLS, TAL, AOA, AND PLS (AS REQUIRED, REF. RULE {a2.1.1-2}, ABORT LANDING SITE REQUIREMENTS) COLUMNS MUST BE SATISFIED FOR LAUNCH.

	[2]	ONE TDRS REQUIRED TO INSURE PRE-BURN STATE VECTOR ACCURACY FOR ORBIT 3 DEORBIT.   Æ[072795-1722†] 

	[3]	ONE S-BAND OR ONE UHF LINK.

	[4]	28.5∞,  39∞, and 51.6∞  INCLINATION.

	[5]	51.6∞ AND 57∞ INCLINATION

	[6]	FOR NOR AOA, ONE OF TWO MANDATORY (TDRS VOICE, SAL UHF VOICE).

	[7]	FOR EDW AOA/PLS, ONE OF THREE MANDATORY:  (TDRS, DFRF, GDX) COMMAND AND TELEMETRY.

	[8]	FOR EDW AOA/PLS, ONE OF THREE MANDATORY (TDRS VOICE, DFRF S-BAND VOICE, DFRF UHF VOICE).

	[9]	 RESERVED[9]	 RESERVED

	[10]	ABORT LANDING SUPPORT REQUIREMENTS ARE NEEDED IF ABORT CAPABILITY IS REQUIRED, REFERENCE RULE {a2.1.1-2}, ABORT LANDING SITE REQUIREMENTS.  MANDATORY EQUIPMENT AT REQUIRED SITES MUST BE FUNCTIONAL AT LAUNCH.  FOR FIRST DAY PLS, OUTAGES ARE ALLOWED IF ETRO IS PRIOR TO DEORBIT DECISION TIME.  LAUNCH IS NOT ALLOWED IF CRITICAL EQUIPMENT ETRO DOES NOT SUPPORT FD 2 PLS.

	[11]	RESERVED[11]	RESERVED

	[12]    FOR MISSIONS WITH AN INCLINATION OF 28.5 DEGREES , PDL S-BAND AND UHF UPLINK IS   

                   HIGHLY DESIRABLE.

MIL UHF, which is mandatory, is not blocked by the SRB plume. 

Although Bermuda and Wallops tracking provide for a ground filter vector through nominal MECO, this capability is rated highly desirable rather than mandatory, because the accuracy of the onboard navigation, demonstrated by flight history, makes the expense of slipping a launch for lack of Bermuda or Wallops tracking unjustifiable. Currently the rendezvous propellant budget protects for OMS-2 targeting dispersions to achieve a successful rendezvous.  Bermuda or Wallops tracking data for independent ground processing may be critical to the evaluation of  future proposed orbiter upgrades (e.g. Embeded GPS/INS). Although Bermuda and Wallops tracking provide for a ground filter vector through nominal MECO, this capability is rated highly desirable rather than mandatory, because the accuracy of the onboard navigation, demonstrated by flight history, makes the expense of slipping a launch for lack of Bermuda or Wallops tracking unjustifiable. Currently the rendezvous propellant budget protects for OMS-2 targeting dispersions to achieve a successful rendezvous.  Bermuda or Wallops tracking data for independent ground processing may be critical to the evaluation of  future proposed orbiter upgrades (e.g. Embeded GPS/INS).

Although Bermuda and Wallops tracking provide for a ground filter vector through nominal MECO, this capability is rated highly desirable rather than mandatory, because the accuracy of the onboard navigation, demonstrated by flight history, makes the expense of slipping a launch for lack of Bermuda or Wallops tracking unjustifiable.  Currently the rendezvous propellant budget protects for OMS-2 targeting dispersions to achieve a successful rendezvous.  Bermuda or Wallops tracking data for independent ground processing may be critical to the evaluation of future proposed orbiter upgrades (e.g. Embeded GPS/INS).

	[13]	FOR MISSIONS WITH AN INCLINATION GREATER THAN 28.5 DEGREES, PDL S-BAND OR UHF UPLINK IS MANDATORY.

	[14]	for missions with inclination of 57 DEGREES, bda/wlps/nhs is ONE of THREE mandatory.

        	 [15]     reserved

         [16]     MIL HIGH GAIN TRACKABLE UHF ANTENNA IS REQUIRED TO COVER RTLS UHF COMM FROM MET +6 UNTIL ET SEP.  ([061396-3196A] 



	MIL S-band and UHF uplink are blocked by the SRB plume.

Rules {A2.1.1-2}, ABORT LANDING SITE REQUIREMENTS; {A3.1.1-1A}, GROUND REQUIREMENTS OVERVIEW; and {A3.1.4-2A and B}, GSFC/STDN INTERFACE, reference this rule.

























A2.1.2-11	NAVIGATION UPDATE CRITERIA

WHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLEWHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLE, NAVIGATION UPDATES WILL BE INITIATED TO PROVIDE ACCEPTABLE MECO CONDITIONS AND MAINTAIN THE HIGHEST ASCENT PRIORITY MODE AVAILABLE.  IF NAVIGATION UPDATES CANNOT BE PERFORMED, MECO WILL BE COMMANDED MANUALLY (REF. RULE {A4.1.2-12}, MANUAL SHUTDOWN CRITERIA).

Orbiter navigation velocity errors not corrected until post-MECO cause an almost one for one OMS penalty during OMS-1.  This penalty may cause downmoding to a lower ascent priority mode because of OMS propellant budget limitations.  To avoid sacrifice of mission objectives, error limits are established for execution of pre-MECO navigation updates (ref. Rule {A4.1.2-8A}, NAVIGATION UPDATES).  If a navigation update cannot be performed due to the unavailability of an independent navigation source, loss of command capability or insufficient time prior to MECO, then the manual shutdown criteria (ref. Rule {A4.1.2-12}, MANUAL SHUTDOWN CRITERIA) will be used to ensure an acceptable cutoff.

A4.1.2-8	NAVIGATION UPDATES

A.	ASCENT PRE-MECO

	WHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLEWHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLE, A NAVIGATION UPDATE WILL BE EXECUTED TO ALLOW ITS INCORPORATION PRIOR TO MECO MINUS 30 SECONDS TO PRESERVE MECO†CONDITIONS NECESSARY FOR A NOMINAL FLIGHT.  DELTA STATE UPDATES WILL BE INITIATED FOR THE FOLLOWING GROUND MINUS ONBOARD VELOCITY DIFFERENCES:



1.	Delta U DOT > 50 FPS�3.	DELTA V DOT > 40 FPS��2.	DELTA U DOT < -50 FPS�4.	DELTA V DOT < -NOMINAL (REF. RULE {x4.1.1-1}, TRAJECTORY AND GUIDANCE PARAMETERS)

���





A4.1.2-8	NAVIGATION UPDATES  (CONTINUED)

B.	ASCENT POST-MECO AND PRE-OMS-1

	WHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLEWHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLE, A PRE-OMS-1 NAVIGATION UPDATE WILL BE PERFORMED IF THE GROUND EVALUATION OF THE MANEUVER DELTA V REQUIRED TO ACHIEVE THE SELECTED ASCENT MODE UTILIZING CURRENT ONBOARD NAVIGATION EXCEEDS DELTA V AVAILABLE.

In the AME evaluation of the desired ascent mode for OMSñ1, the initial cycle assumes OMSñ1 and ñ2 execution utilizing the current onboard navigated state.  If the delta velocity requirement exceeds that available, then the AME automatically recycles to determine the delta velocity requirement assuming the OMSñ1 and ñ2 execution utilizing the ground filter state.  If the required delta velocity on the recycle is less than that available, then a pre-OMSñ1 update is performed to prevent ascent downmoding.

C.	PRTLS

	WHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLEWHEN AN INDEPENDENT NAVIGATION SOURCE IS AVAILABLE, A NAVIGATION UPDATE WILL BE EXECUTED PRIOR TO POWERED PITCHDOWN (MINUS 20 SECONDS) TO PRESERVE MECO CONDITIONS NECESSARY FOR ET SEPARATION AND GLIDE RETURN TO LAUNCH SITE.  A DELTA STATE UPDATE WILL BE INITIATED FOR ANY OF THE FOLLOWING GROUND MINUS ONBOARD POSITION AND VELOCITY DIFFERENCES:



1.	DELTA U > +11,000 FT�5.	DELTA V > +27,000 FT��2.	DELTA U < -7000 FT�6.	DELTA V < -7000 FT��3.	Delta U DOT < +100 FPS�7.	DELTA V DOT > +100 FPS��4.	DELTA U DOT > -50 FPS�8.	DELTA V DOT < -40 FPS��
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