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TGS Mode Description and Limitations

Description:
• Two-Gyro Science (TGS) Mode provides spacecraft attitude 

control and slew capability using only two gyros
• Its purpose is to extend the scientific life of the HST

Principle Limitations:
• TGS Mode operations will achieve less efficiency and have 

less flexibility compared to operations using 3 gyros 
• All science observations will be more constrained from a 

scheduling perspective
• Some classes of observations may not be possible
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TGS Implementation

 Development planning defined 3 FSW builds, installations, and 
on-orbit tests
– OBAD Data Collection [April 04] (HST486 FSW version 2.5)

– M2G, OBAD, T2G [Nov/Dec 04] (FSW version 2.6)

– Full OBAD with maneuvers, T2G [Feb 05] (FSW version 2.7)

 Test 1 of 3 tests of TGS Build 2 executed successfully (Nov 16)
– Successive tests are more stringent measures of M2G and T2G 

performance

 The third FSW build is on schedule

 We expect to achieve TGS Mode Initial Operating Capability in 
early April 2005
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TGS Schedule Milestones
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Current vs. TGS Operations

 Operations Today
– Uses 3 gyros to provide rate control at all times  

• Attitude errors rarely exceed ~200 arcseconds after very large vehicle slews
– Errors are typically 10-20 arcsec

– Onboard attitude updates using Fixed Head Star Tracker (FHST) data bring 
pointing errors within the Fine Guidance Sensor (FGS) search radius (usually ~50 
arcsec)

– FGS data are used with gyro data to hold S/C position during science gathering
– Guide star re-acquisitions for multiple-orbit pointings are simple and quick

 Two-Gyro Operations
– Must use another sensor (e.g. MSS, FHST, FGS) to replace missing gyro rate data 

about one axis
• Results in 3 distinct modes based upon the sensor being used
• MSS and FHST are significantly noisier and have less resolution than the gyros
• Every non-CVZ orbit requires use of all TGS sub-modes and a full guide star 

acquisition  



Hubble Space Telescope Program

7111704_JKK_STUC_Gyros.ppt

Goddard Space Flight Center

FSW Overview

 TGS retains HST’s basic PCS system PID (Proportional, 
Integral, Derivative) controller design; but augmented to 
“replace” the missing gyro

 Adds On-Board Attitude Determination (OBAD) to calculate 
attitude error using FHST map data and software algorithm
– Autonomously determines attitude errors up to 10 degrees
– Generates updated command quaternion for correcting attitude error
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Three TGS Sub-Modes

 M2G: MSS + 2 Gyros  
– Compares MSS output to on-board Magnetic Field Model to control attitude and 

rates with maximum errors less than 6-8 degrees
– All large vehicle maneuvers conducted in M2G

 T2G: FHST + 2 Gyros  
– Requires one tracker to be visible (un-occulted) to use FHST data and gyros to 

control rates  
– On Board Attitude Determination (OBAD) using FHST map data from 2 FHST 

units will bring attitude error within FGS search radius

 F2G: FGS + 2 Gyros.  
– Use of Coarse Track control to provide further rate damping and jitter reduction 

in order to achieve successful Fine Lock Walk-down
– Requires FGS visibility to use FGS data and gyros to control rates and attitude 

to allow for science

Each Orbit will typically require a transition from M2G (degrees of 
error) to T2G (arcsec of error) to F2G (milliarcsec of error)
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Normal Mode Two-Gyro Science Mode (TGS)

Slew, and/or maintain 
Inertial Hold on 3 Gyros

M2G Mode:  Slew, and/or maintain Inertial Hold on 2 gyros and MSS.  
Rate Estimation based on 2 gyros + MSS & on-board Mag Field Model

Attitude Update using 
FHSTs (usu. 2 pre-slew; 
usu. 1 post-slew)

T2G Mode:  2 On-Board Attitude Determinations requiring continuous 
FHST coverage with period of dual, simultaneous coverage.  Rate 
Estimation based on 2 gyros + FHST

Guide star acquisition  
followed by science 
targeting

F2G Mode:  Guide star acquisition (requires FHST coverage) followed 
by science targeting.  Rate Estimation based on 2 gyros + FGS data 
(in FL or CT)

F2G

Safe Mode

Default
(ZGSP or PSEA)

Optional
(PSEA Only)

M2G T2GTGS

Normal 
Mode

Two Gyro Science Modes Overview

Rate Estimation 
Failure Transitions

Entry  from 
Safemode 

PCS Mode 
Transitions

KEY
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TGS Mode – Typical Timeline
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Completed TGS Mode Capabilities
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F2G-FL Quiescent Jitter Prediction G1,4

 Elliptical “Jitter Balls” in F2G-FL
– Bright guide stars:  jitter ellipse semi-major axis is due to gyro noise
– Faint guide stars:  jitter ellipse semi-major axis is usually in Gx-axis direction 

(FGS noise)

 Jitter performance with 3 gyros is typically 5-6 milliarcsec, rms

Gx-Jitter

Gyro Jitter

V2-Axis

9.58 mv 13.0 mv 14.5 mv

Jitter will manifest itself as an ellipse with magnitude, eccentricity, and
orientation dependent upon gyro combination and guide star brightness
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F2G-FL Quiescent Jitter Prediction

 HST F2G-FL worst-case boresight jitter is 3.93 mas (60-second RMS)
– Unfavorable gyro pair
– Faint guide stars
– Maximum 60-second RMS jitter observed during 3000 second simulation (1/2 orbit)
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F2G-FL Jitter with HGA Ephemeris Track 
Disturbances Only

 HGA Ephemeris Track disturbances are nearly always present and thus 
elevate HST jitter above quiescent gyro/FGS noise levels
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F2G-FL Jitter with Integrated Disturbances

 Integrated disturbance simulations include HGA Ephemeris Track (always 
active), HGA Spline, V2-Disturbances, and SA3 disturbances.  Concurrent 
disturbances represent worst-worst situations rarely expected on-orbit.
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TGS Summary and Open Issues

 TGS Mode is expected to yield very good jitter performance

 Scheduling efficiency, though reduced, should remain high

 Overall assessment of the mode’s productivity requires 
more knowledge of some issues that will only become 
understood with experience
– Guide star Loss-of-Lock (LOL) frequency

• TGS has no LOL-recovery capability; observing time is lost
– High fidelity simulations predict 1.1 LOLs/day

– G6 bias instability, if problematic, may affect productivity
– Degradation of subsystem performance, e.g., the FGS-2R CT-FL 

transition anomaly, may be harder to work around
– The FGSs will accumulate Coarse-Track time and cycles faster
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Why consider pro-active initiation of TGS Mode usage in mid-2005?
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Run Times of HST Gyros at 7/1/05 without Additional Failures
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Determination of HST Reliability Model Parameters for Gyro Flex-Lead Wear-out

HST Gyro Status

Expression for the Reliability of an Individual Gyro
The probability, P(t) that an individual gyro survives 
for an additional run-time t beyond the run-time "age", 
s, it already has at t=0 (both t and s are in years) is:

P(t) = PWeibull Prandom = e-[(t+s)/η]β e-λt

where η = 5.894 years (51,630 hours), β = 4.82 
and λ = 1/14 years-1
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HST Gyro System Availability from 10/1/04
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Run1: 3 operating gyros

Run1: >= 2 operating gyros

Run2: >= 2 operating gyros

Run3: >= 2 operating gyros

Run4: >= 2 operating gyros

Run5: >= 2 operating gyros

Run3x (turn-on G6 before G1): >= 2 operating gyros
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Data1

		Gyro Runs - 9/16/04																Turnon G6 before G1

		Date		months from 10/1/04		Run1: 3 operating gyros		Run1: >= 2 operating gyros		Run2: >= 2 operating gyros		Run3: >= 2 operating gyros		Run4: >= 2 operating gyros		Run5: >= 2 operating gyros		Run3x (turn-on G6 before G1): >= 2 operating gyros

		10/04		0		1		1		1		1		1		1		1

		11/04		1		0.9981600046		1		0.9999799728		1		1		1		1

		12/04		2		0.9930999875		0.9999200106		0.9999600053		1		1		1		1

		01/05		3		0.9851800203		0.9996600151		0.9996600151		1		1		1		1

		02/05		4		0.9737399817		0.9992399812		0.9991599917		1		1		1		1

		03/05		5		0.9577800035		0.9983599782		0.9984599948		1		1		1		1

		04/05		6		0.9401400089		0.996900022		0.9974399805		1		1		1		1

		05/05		7		0.9206799865		0.9952200055		0.995840013		1		1		1		1

		06/05		8		0.896879971		0.9924399853		0.9938600063		1		1		1		1

		07/05		9		0.8692399859		0.9891200066		0.9908400178		1		1		1		1

		08/05		10		0.839320004		0.9848200083		0.9869999886		0.9999799728		1		0.9999600053		0.9999600053

		09/05		11		0.8083800077		0.9796000123		0.9828799963		0.9997400045		0.9997799993		0.9997799993		0.999819994

		10/05		12		0.7725800276		0.9734200239		0.977699995		0.9991599917		0.9992200136		0.9994199872		0.9993600249

		11/05		13		0.7372800112		0.9664599895		0.9716200233		0.9983800054		0.9984599948		0.9984999895		0.998939991

		12/05		14		0.6993799806		0.9580000043		0.9642800093		0.9970200062		0.9969800115		0.9969599843		0.9978200197

		01/06		15		0.6607999802		0.9475399852		0.9551399946		0.9943600297		0.9947400093		0.9946799874		0.9957200289

		02/06		16		0.6219800115		0.9360799789		0.9450600147		0.9912800193		0.9917200208		0.9921399951		0.9935799837

		03/06		17		0.5812600255		0.9219200015		0.9337000251		0.9872999787		0.9878000021		0.9882599711		0.9905599952

		04/06		18		0.5415199995		0.9068199992		0.9208199978		0.9819800258		0.9825999737		0.9833999872		0.9865000248

		05/06		19		0.5016599894		0.8906599879		0.9065999985		0.9756199718		0.9766200185		0.9768599868		0.9811400175

		06/06		20		0.4627600014		0.8723199964		0.8899999857		0.9677399993		0.9689999819		0.9690999985		0.9746000171

		07/06		21		0.4228999913		0.8531799912		0.8729000092		0.9588400126		0.9599400163		0.9600999951		0.9676799774

		08/06		22		0.3865399957		0.8316000104		0.853760004		0.9480199814		0.9494000077		0.9486799836		0.959100008

		09/06		23		0.3508200049		0.8082399964		0.8335199952		0.9356399775		0.9378399849		0.936259985		0.9499999881

		10/06		24		0.3145000041		0.784160018		0.8115199804		0.9225199819		0.9247000217		0.9217600226		0.9390799999

		11/06		25		0.2814800143		0.7582399845		0.7872400284		0.9074199796		0.9089800119		0.9062799811		0.9272800088

		12/06		26		0.2499600053		0.7315199971		0.7638800144		0.8907399774		0.8923799992		0.8878200054		0.9140599966

		01/07		27		0.2198199928		0.7034599781		0.7387800217		0.8730000257		0.8736000061		0.8681399822		0.9006999731

		02/07		28		0.1938199997		0.6740599871		0.7112399936		0.8537799716		0.8533599973		0.848179996		0.8855400085

		03/07		29		0.1688999981		0.643419981		0.6847400069		0.8319600224		0.8327999711		0.8245999813		0.8689600229

		04/07		30		0.1470800042		0.6104000211		0.6555399895		0.8094199896		0.8100799918		0.800819993		0.851540029

		05/07		31		0.1269399971		0.5797399879		0.6277400255		0.7867599726		0.7852399945		0.7746800184		0.8332399726

		06/07		32		0.1073599979		0.5472999811		0.5980200171		0.7612000108		0.7570599914		0.7470200062		0.8134599924

		07/07		33		0.0912000015		0.5170599818		0.5680199862		0.7351999879		0.7280600071		0.7168200016		0.7943999767

		08/07		34		0.076439999		0.484160006		0.5380200148		0.7097600102		0.6995800138		0.6859599948		0.7743200064

		09/07		35		0.063500002		0.4524399936		0.5066999793		0.6817399859		0.6704800129		0.6546000242		0.7526000142

		10/07		36		0.05198		0.4186399877		0.4751000106		0.6536800265		0.6402999759		0.6226599813		0.7310799956

		11/07		37		0.0434199981		0.3878200054		0.4444400072		0.6259599924		0.6093599796		0.5895599723		0.7087200284

		12/07		38		0.0344600007		0.3566400111		0.4139199853		0.5970600247		0.5778999925		0.5570600033		0.6842799783

		01/08		39		0.0282199997		0.3264800012		0.3847599924		0.5680999756		0.5452600121		0.5244600177		0.6609600186

		02/08		40		0.0222600009		0.2977600098		0.3561600149		0.5401800275		0.5140200257		0.4921199977		0.6375799775

		03/08		41		0.0175199993		0.2720800042		0.3275600076		0.5111399889		0.4797599912		0.4595800042		0.6137800217

		04/08		42		0.0142799998		0.2452400029		0.3011600077		0.4840599895		0.4477599859		0.426880002		0.5892000198

		05/08		43		0.0114000002		0.221479997		0.2749800086		0.4564400017		0.4155400097		0.394659996		0.5642799735

		06/08		44		0.0084199999		0.1999599934		0.2521600127		0.428339988		0.3822399974		0.3621200025		0.5383999944

		07/08		45		0.0062600002		0.1786800027		0.2277200073		0.4005399942		0.3515999913		0.3310599923		0.513019979

		08/08		46		0.0046199998		0.1586800069		0.2053599954		0.3732599914		0.3228200078		0.3027200103		0.48743999

		09/08		47		0.0033400001		0.1392800063		0.1837199926		0.347240001		0.2953200042		0.2736800015		0.463620007

		10/08		48		0.00238		0.1221799999		0.165140003		0.3213199973		0.2685000002		0.2478400022		0.4377000034

		11/08		49		0.00174		0.1065799966		0.145600006		0.2960999906		0.2434599996		0.2216800004		0.412319988

		12/08		50		0.00136		0.0928200036		0.1283999979		0.271780014		0.2180999964		0.1973599941		0.3874199986

		01/09		51		0.00098		0.0799999982		0.112680003		0.2498400062		0.1948200017		0.1754599959		0.3638400137

		02/09		52		0.00072		0.068599999		0.0981599987		0.228459999		0.1732199937		0.1542000026		0.3403599858

		03/09		53		0.0005		0.0586600006		0.0847000033		0.2081200033		0.1530800015		0.1352600008		0.3175599873

		04/09		54		0.00032		0.0491200015		0.0728799999		0.1886399984		0.1341799945		0.1181199998		0.2949799895

		05/09		55		0.0002		0.0408000015		0.0621999986		0.1700599939		0.117399998		0.1025599986		0.2723999918

		06/09		56		0.00016		0.0339800008		0.05198		0.1542399973		0.1024200022		0.0882399976		0.2508600056

		07/09		57		0.00008		0.0284599997		0.0439400002		0.1380600035		0.0881000012		0.075939998		0.230399996

		08/09		58		0.00006		0.0234999992		0.0369199999		0.1235200018		0.0753000006		0.0647599995		0.2117799968

		09/09		59		0.00002		0.0195400007		0.0312399995		0.1098200008		0.0639199987		0.0546999983		0.1933200061

		10/09		60		0.00002		0.0155800004		0.0259000007		0.0974199995		0.0540799983		0.0457400009		0.1760399938

		11/09		61		0.00002		0.0124599999		0.0212600008		0.086120002		0.0448199995		0.0379399993		0.1603599936

		12/09		62		0		0.0093400003		0.0173000004		0.0758799985		0.0371799991		0.0307999998		0.1446799934

		01/10		63		0		0.00746		0.0143799996		0.0665400028		0.0308999997		0.0259000007		0.1305000037

		02/10		64		0		0.0055800001		0.01162		0.0580600016		0.0252800006		0.0213200003		0.1164800003

		03/10		65		0		0.0043799998		0.0092000002		0.0502399988		0.0198199991		0.0165400002		0.102640003

		04/10		66		0		0.00348		0.0071		0.0432800017		0.0161799993		0.0130000003		0.0909399986

		05/10		67		0		0.0026400001		0.0055200001		0.0371600017		0.0131400004		0.0107199997		0.0799800009

		06/10		68		0		0.00214		0.0040600002		0.0318400003		0.0106600001		0.0087400004		0.0702600032

		07/10		69		0		0.0017199999		0.00288		0.0269799996		0.0085800001		0.0069200001		0.061999999

		08/10		70		0		0.00138		0.0022799999		0.0230800007		0.0068600001		0.00538		0.0538000017

		09/10		71		0		0.00096		0.0017199999		0.0199800003		0.0051799999		0.0042400002		0.04586

		10/10		72		0		0.00056		0.00124		0.0169200003		0.0041800002		0.0031399999		0.0394800007

		11/10		73		0		0.0004		0.00092		0.0139199998		0.0031399999		0.00226		0.0333000012

		12/10		74		0		0.00026		0.00066		0.0116400002		0.00232		0.00174		0.0280600004

		01/11		75		0		0.0002		0.00048		0.0099400003		0.00178		0.00124		0.0238600001

		02/11		76		0		0.00012		0.00044		0.0082599996		0.0014		0.00086		0.0203000009

		03/11		77		0		0.00008		0.00028		0.0063200002		0.0011399999		0.00068		0.0170200001

		04/11		78		0		0.00006		0.00022		0.00514		0.00092		0.0005		0.0144600002

		05/11		79		0		0.00006		0.00014		0.0041		0.00066		0.00036		0.0117600001

		06/11		80		0		0.00004		0.00006		0.00336		0.00044		0.00026		0.0099999998

		07/11		81		0		0.00004		0.00006		0.0025599999		0.0003		0.00016		0.0081200004

		08/11		82		0		0.00002		0.00004		0.0021200001		0.00024		0.00012		0.0066999998

		09/11		83		0		0.00002		0		0.00166		0.00018		0.0001		0.0054600001

		10/11		84		0		0		0		0.00128		0.00014		0.00006		0.0042400002

		11/11		85		0		0		0		0.00106		0.0001		0.00004		0.0035000001

		12/11		86		0		0		0		0.00086		0.00004		0.00002		0.00288

		01/12		87		0		0		0		0.0007		0.00004		0.00002		0.00236

		02/12		88		0		0		0		0.00056		0.00004		0.00002		0.0019

		03/12		89		0		0		0		0.00044		0.00002		0.00002		0.00156

		04/12		90		0		0		0		0.00028		0.00002		0.00002		0.0013

		05/12		91		0		0		0		0.00014		0		0.00002		0.00104

		06/12		92		0		0		0		0.00014		0		0.00002		0.00076

		07/12		93		0		0		0		0.00014		0		0.00002		0.00066

		08/12		94		0		0		0		0.00014		0		0.00002		0.00048





Alt Chart 2
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		38384		38384		38384
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Run1: 3 operating gyros

Run1: >= 2 operating gyros

Run2: >= 2 operating gyros
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Probability
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Hubble Space Telescope Program

20111704_JKK_STUC_Gyros.ppt

Goddard Space Flight Center

 Run 1Y
– Gyro status as of 7/1/05, assuming no failures between now and 6/30/05

• In use (Turned-On)
– Gyro 1 has 3.041 years of total run time
– Gyro 2 has 4.461 years of total run time
– Gyro 4 has 5.930 years of total run time

• In reserve (Turned-Off)
– Gyro 6 has 1.41 years of total run time

• Failed
– Gyro 3 and 5  failed

– After  7/1/05, turn-on Gyro 6 when either Gyro 1, 2, or 4 fails

 Run 2Y
– Gyro status:  same as Run 1Y
– Begin TGS Mode when  Gyro 1, 2, or 4 fails;  turn-on Gyro 6 only after a second gyro fails

 Run 3
– On 7/1/05, turn off Gyro 1 and begin 2-gyro mode; turn Gyro 1 back on when a failure occurs; 

then turn on Gyro 6 after the next failure

 Run 3X
– Same as Run 3, except turn on Gyro 6 when first failure occurs (before using Gyro 1 again)

Alternative Cases and Assumptions



Hubble Space Telescope Program

21111704_JKK_STUC_Gyros.ppt

Goddard Space Flight Center

HST Gyro System Availability assuming no gyro failures through 6/30/05
(availability of 2 gyros vs. time)
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Run 1Y:  >=2 operating gyros

Run 2Y:  >=2 operating gyros

Run3: >= 2 operating gyros

Run 3X:  >=2 operating gyros

G1 turned OFF 7/1/05;
but then used before G6

G1 turned OFF 7/1/05;
then G6 used before G1

Nine month increase 
in 2-Gyro availability

Availability of 2 gyros
if 3 are used as long 
as possible

G6  ON  only 
after 2nd failure
among G1, G2, G4
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05

|---3G  Baseline  2G--|


run1Y-a

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32

		33

		34

		35

		36

		37

		38

		39

		40

		41

		42

		43

		44

		45

		46

		47

		48

		49

		50

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94



Run 1Y:  >=2 operating gyros

Months from 10/1/04

Probability

HST Gyro System Availability
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Run 1Y:  >=2 operating gyros

Calendar Date

Probability

HST Gyro System Availability
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Run 2Y:  >=2 operating gyros

Months from 10/1/04

Probability

HST Gyro System Availability
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Run 2Y:  >=2 operating gyros
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		77		77		77		77

		78		78		78		78

		79		79		79		79

		80		80		80		80

		81		81		81		81

		82		82		82		82

		83		83		83		83

		84		84		84		84

		85		85		85		85

		86		86		86		86

		87		87		87		87

		88		88		88		88

		89		89		89		89

		90		90		90		90

		91		91		91		91

		92		92		92		92

		93		93		93		93

		94		94		94		94



Run 1Y:  >=2 operating gyros

Run 2Y:  >=2 operating gyros

Run3: >= 2 operating gyros

Run 3X:  >=2 operating gyros
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overlay-b

		38261		38261		38261		38261

		38292		38292		38292		38292

		38322		38322		38322		38322

		38353		38353		38353		38353

		38384		38384		38384		38384

		38412		38412		38412		38412

		38443		38443		38443		38443

		38473		38473		38473		38473

		38504		38504		38504		38504

		38534		38534		38534		38534

		38565		38565		38565		38565

		38596		38596		38596		38596

		38626		38626		38626		38626

		38657		38657		38657		38657

		38687		38687		38687		38687

		38718		38718		38718		38718

		38749		38749		38749		38749

		38777		38777		38777		38777

		38808		38808		38808		38808

		38838		38838		38838		38838

		38869		38869		38869		38869

		38899		38899		38899		38899

		38930		38930		38930		38930

		38961		38961		38961		38961

		38991		38991		38991		38991

		39022		39022		39022		39022

		39052		39052		39052		39052

		39083		39083		39083		39083

		39114		39114		39114		39114

		39142		39142		39142		39142

		39173		39173		39173		39173

		39203		39203		39203		39203

		39234		39234		39234		39234

		39264		39264		39264		39264

		39295		39295		39295		39295

		39326		39326		39326		39326

		39356		39356		39356		39356

		39387		39387		39387		39387

		39417		39417		39417		39417

		39448		39448		39448		39448

		39479		39479		39479		39479

		39508		39508		39508		39508

		39539		39539		39539		39539

		39569		39569		39569		39569

		39600		39600		39600		39600

		39630		39630		39630		39630

		39661		39661		39661		39661

		39692		39692		39692		39692

		39722		39722		39722		39722

		39753		39753		39753		39753

		39783		39783		39783		39783

		39814		39814		39814		39814

		39845		39845		39845		39845

		39873		39873		39873		39873

		39904		39904		39904		39904

		39934		39934		39934		39934

		39965		39965		39965		39965

		39995		39995		39995		39995

		40026		40026		40026		40026

		40057		40057		40057		40057

		40087		40087		40087		40087

		40118		40118		40118		40118

		40148		40148		40148		40148

		40179		40179		40179		40179

		40210		40210		40210		40210

		40238		40238		40238		40238

		40269		40269		40269		40269

		40299		40299		40299		40299

		40330		40330		40330		40330

		40360		40360		40360		40360

		40391		40391		40391		40391

		40422		40422		40422		40422

		40452		40452		40452		40452

		40483		40483		40483		40483

		40513		40513		40513		40513

		40544		40544		40544		40544

		40575		40575		40575		40575

		40603		40603		40603		40603

		40634		40634		40634		40634

		40664		40664		40664		40664

		40695		40695		40695		40695

		40725		40725		40725		40725

		40756		40756		40756		40756

		40787		40787		40787		40787

		40817		40817		40817		40817



Run 1Y:  >=2 operating gyros

Run 2Y:  >=2 operating gyros

Run3: >= 2 operating gyros

Run 3X:  >=2 operating gyros
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Data1

		

		Date		months from 10/1/04		Run 1Y:  >=2 operating gyros		Run 2Y:  >=2 operating gyros		Run3: >= 2 operating gyros		Run 3X:  >=2 operating gyros

		10/04		0		1		1		1		1

		11/04		1		1		1		1		1

		12/04		2		1		1		1		1

		01/05		3		1		1		1		1

		02/05		4		1		1		1		1

		03/05		5		1		1		1		1

		04/05		6		1		1		1		1

		05/05		7		1		1		1		1

		06/05		8		1		1		1		1

		07/05		9		1		1		1		1

		08/05		10		0.9999200106		0.9999799728		0.9999799728		0.9999600053

		09/05		11		0.9994800091		0.9998400211		0.9997400045		0.999819994

		10/05		12		0.9985200167		0.9991999865		0.9991599917		0.9993600249

		11/05		13		0.9970600009		0.9980400205		0.9983800054		0.998939991

		12/05		14		0.9946399927		0.9957799911		0.9970200062		0.9978200197

		01/06		15		0.9910399914		0.9926999807		0.9943600297		0.9957200289

		02/06		16		0.9861400127		0.9884200096		0.9912800193		0.9935799837

		03/06		17		0.9789800048		0.9826800227		0.9872999787		0.9905599952

		04/06		18		0.9700400233		0.9748200178		0.9819800258		0.9865000248

		05/06		19		0.9600999951		0.9650599957		0.9756199718		0.9811400175

		06/06		20		0.9476199746		0.9541400075		0.9677399993		0.9746000171

		07/06		21		0.9330999851		0.9409800172		0.9588400126		0.9676799774

		08/06		22		0.9170799851		0.925459981		0.9480199814		0.959100008

		09/06		23		0.8977400064		0.9082000256		0.9356399775		0.9499999881

		10/06		24		0.8748999834		0.8883799911		0.9225199819		0.9390799999

		11/06		25		0.8525400162		0.8663600087		0.9074199796		0.9272800088

		12/06		26		0.8279399872		0.8435599804		0.8907399774		0.9140599966

		01/07		27		0.8009399772		0.8183199763		0.8730000257		0.9006999731

		02/07		28		0.7728199959		0.7919399738		0.8537799716		0.8855400085

		03/07		29		0.7422400117		0.7635400295		0.8319600224		0.8689600229

		04/07		30		0.7094399929		0.7332199812		0.8094199896		0.851540029

		05/07		31		0.6762999892		0.702279985		0.7867599726		0.8332399726

		06/07		32		0.6435400248		0.6704800129		0.7612000108		0.8134599924

		07/07		33		0.6100999713		0.6370000243		0.7351999879		0.7943999767

		08/07		34		0.5750200152		0.6040800214		0.7097600102		0.7743200064

		09/07		35		0.5385199785		0.5727999806		0.6817399859		0.7526000142

		10/07		36		0.5039600134		0.5399399996		0.6536800265		0.7310799956

		11/07		37		0.4702599943		0.5080999732		0.6259599924		0.7087200284

		12/07		38		0.435739994		0.4744800031		0.5970600247		0.6842799783

		01/08		39		0.4031000137		0.4411199987		0.5680999756		0.6609600186

		02/08		40		0.3702400029		0.4101600051		0.5401800275		0.6375799775

		03/08		41		0.3398399949		0.379159987		0.5111399889		0.6137800217

		04/08		42		0.3099600077		0.3480800092		0.4840599895		0.5892000198

		05/08		43		0.282099992		0.3190599978		0.4564400017		0.5642799735

		06/08		44		0.2532800138		0.2904199958		0.428339988		0.5383999944

		07/08		45		0.2275200039		0.2646200061		0.4005399942		0.513019979

		08/08		46		0.2033600062		0.2394199967		0.3732599914		0.48743999

		09/08		47		0.1811600029		0.2149399966		0.347240001		0.463620007

		10/08		48		0.1610399932		0.1915600002		0.3213199973		0.4377000034

		11/08		49		0.1415600032		0.1697999984		0.2960999906		0.412319988

		12/08		50		0.123999998		0.1513399929		0.271780014		0.3874199986

		01/09		51		0.1082400009		0.1325200051		0.2498400062		0.3638400137

		02/09		52		0.0943399966		0.1159799993		0.228459999		0.3403599858

		03/09		53		0.0804800019		0.1009000018		0.2081200033		0.3175599873

		04/09		54		0.0689800009		0.0877199993		0.1886399984		0.2949799895

		05/09		55		0.0582600012		0.0748599991		0.1700599939		0.2723999918

		06/09		56		0.0489000008		0.0636200011		0.1542399973		0.2508600056

		07/09		57		0.0408799984		0.0544399992		0.1380600035		0.230399996

		08/09		58		0.0342399999		0.04586		0.1235200018		0.2117799968

		09/09		59		0.0281600002		0.0391799994		0.1098200008		0.1933200061

		10/09		60		0.0230400003		0.0328800008		0.0974199995		0.1760399938

		11/09		61		0.0182000007		0.0267399997		0.086120002		0.1603599936

		12/09		62		0.0148999998		0.0217400007		0.0758799985		0.1446799934

		01/10		63		0.0121799996		0.0175999999		0.0665400028		0.1305000037

		02/10		64		0.0099600004		0.01406		0.0580600016		0.1164800003

		03/10		65		0.0077200001		0.0109999999		0.0502399988		0.102640003

		04/10		66		0.00606		0.0086399997		0.0432800017		0.0909399986

		05/10		67		0.0048000002		0.0070600002		0.0371600017		0.0799800009

		06/10		68		0.0036599999		0.0056599998		0.0318400003		0.0702600032

		07/10		69		0.0027399999		0.0041399999		0.0269799996		0.061999999

		08/10		70		0.00208		0.00312		0.0230800007		0.0538000017

		09/10		71		0.00158		0.00254		0.0199800003		0.04586

		10/10		72		0.00124		0.00188		0.0169200003		0.0394800007

		11/10		73		0.00104		0.00144		0.0139199998		0.0333000012

		12/10		74		0.00068		0.0011		0.0116400002		0.0280600004

		01/11		75		0.0005		0.0008		0.0099400003		0.0238600001

		02/11		76		0.00032		0.00052		0.0082599996		0.0203000009

		03/11		77		0.00024		0.00048		0.0063200002		0.0170200001

		04/11		78		0.00018		0.00032		0.00514		0.0144600002

		05/11		79		0.00018		0.00024		0.0041		0.0117600001

		06/11		80		0.00006		0.00022		0.00336		0.0099999998

		07/11		81		0.00002		0.00012		0.0025599999		0.0081200004

		08/11		82		0		0.0001		0.0021200001		0.0066999998

		09/11		83		0		0.00002		0.00166		0.0054600001

		10/11		84		0		0.00002		0.00128		0.0042400002

		11/11		85		0		0		0.00106		0.0035000001

		12/11		86		0		0		0.00086		0.00288

		01/12		87		0		0		0.0007		0.00236

		02/12		88		0		0		0.00056		0.0019

		03/12		89		0		0		0.00044		0.00156

		04/12		90		0		0		0.00028		0.0013

		05/12		91		0		0		0.00014		0.00104

		06/12		92		0		0		0.00014		0.00076

		07/12		93		0		0		0.00014		0.00066

		08/12		94		0		0		0.00014		0.00048





Curtain

		Processing GAP plot data.  Please wait.





Need Date Schedule

		





Info

		







Hubble Space Telescope Program

22111704_JKK_STUC_Gyros.ppt

Goddard Space Flight Center Risks of a Pro-active Gyro Turn-Off

 Unless absolutely necessary it is unusual to deliberately power-
cycle a critical component of an orbiting spacecraft
– There is no absolute certainty that G1 will come on again when needed and 

live an undiminished life

 Gyro start-up is a relatively stressful event
– It uses a higher voltage for 27 seconds and, at start-up, it supplies 0.6 A of 

motor current through the gyro flex leads (vs. the normal running gyro motor 
current of ~0.12 A)

 Electronic part failures might preclude start-up

 Debris in the gyro rotor journal bearing might restrict rotor motion
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Goddard Space Flight Center Risk-Relevant Experience

 Since launch, HSTP has turned off and then successfully restarted 
orbiting gyros 18 times

– No gyro that was healthy when powered off has failed to restart
– The run-time of Gyro 1 next summer (~27,000 hours) will be well-bracketed by 

the operating hours of gyros restarted on-orbit
• The original G1 and G2 (both old build-process gyros) were restarted after 

they had much more run time on them than the present G1 will have 
accumulated (~31,000 and ~47,000 hours, respectively)

 We have found that the presence of motor current in gyro flex leads 
is a major catalyst of flex-lead corrosion

– The corrosion of G1’s flex leads may not worsen greatly while it is un-powered

 With one non-serious exception, no HST gyro lacking pre-turnoff 
evidence of a rotor-restrictive event has ever exhibited evidence of 
rotor restriction after it was restarted on-orbit

– All four of HST’s remaining gyros have run “cleanly” since turn-on
– Each has been power-cycled at least once
– None of them have exhibited any indication of debris within the gyro bearing
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Goddard Space Flight Center Conclusion

 HSTP does not yet have a formal position in favor of, or against a 
planned Gyro 1 turnoff

– It has a technical memorandum from the gyro vendor, L3
• The memo concludes that the non-restart risk is both compatible and in-

line with the objective of preserving HST’s fine-pointing capability as 
long as possible 

– It has requested an independent assessment of the risks from Goddard’s 
Applied Engineering and Technology Directorate 

 If HSTP decides to recommend G1 turnoff, it must obtain the 
concurrence of the GSFC Director and NASA HQ

– Such a decision, and acceptance of the associated risk, does not appear 
inconsistent, a priori, with the Program’s mandate to preserve HST’s 
science operation as long as possible

• It will be carefully considered
– At this time, the HRSDM is neither fully-funded nor guaranteed to be 

successful

 The STUC’s thoughts about this decision will be welcomed
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Goddard Space Flight Center
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Goddard Space Flight Center

HST Gyro Availability for TGS with G1 un-recovered after 7/1/05
Run6: >=2 operating gyros
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Run6: >=2 operating gyros

Run3: >= 2 operating gyros
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Data1

		Gyro Run 6 - 10/26/04

				Assumed G1, G2, G4 survive until July 2005 (no failures between now and July 2005)

				G1 is turned off but fail to restart; only G6 is available when G2 or G4 fails

		Date		months from 10/1/04		Run6: >=2 operating gyros		Run3: >= 2 operating gyros

		10/04		0		1		1

		11/04		1		1		1

		12/04		2		1		1

		01/05		3		1		1

		02/05		4		1		1

		03/05		5		1		1

		04/05		6		1		1

		05/05		7		1		1

		06/05		8		1		1

		07/05		9		1		1

		08/05		10		0.9973000288		0.9999799728

		09/05		11		0.9890599847		0.9997400045

		10/05		12		0.9757199883		0.9991599917

		11/05		13		0.9587200284		0.9983800054

		12/05		14		0.9380999804		0.9970200062

		01/06		15		0.9129599929		0.9943600297

		02/06		16		0.8821399808		0.9912800193

		03/06		17		0.8496599793		0.9872999787

		04/06		18		0.8147600293		0.9819800258

		05/06		19		0.7773399949		0.9756199718

		06/06		20		0.7370600104		0.9677399993

		07/06		21		0.6968600154		0.9588400126

		08/06		22		0.6551799774		0.9480199814

		09/06		23		0.6117399931		0.9356399775

		10/06		24		0.5686600208		0.9225199819

		11/06		25		0.5251799822		0.9074199796

		12/06		26		0.4832400084		0.8907399774

		01/07		27		0.4426400065		0.8730000257

		02/07		28		0.4038600028		0.8537799716

		03/07		29		0.3652000129		0.8319600224

		04/07		30		0.3292399943		0.8094199896

		05/07		31		0.296600014		0.7867599726

		06/07		32		0.2647800148		0.7612000108

		07/07		33		0.2346999943		0.7351999879

		08/07		34		0.2080200016		0.7097600102

		09/07		35		0.1831		0.6817399859

		10/07		36		0.1598799974		0.6536800265

		11/07		37		0.1384200007		0.6259599924

		12/07		38		0.1203399971		0.5970600247

		01/08		39		0.1038200036		0.5680999756

		02/08		40		0.0884800032		0.5401800275

		03/08		41		0.0750799999		0.5111399889

		04/08		42		0.0641599968		0.4840599895

		05/08		43		0.0539399981		0.4564400017

		06/08		44		0.0449599996		0.428339988

		07/08		45		0.0364199989		0.4005399942

		08/08		46		0.0291000009		0.3732599914

		09/08		47		0.0237199999		0.347240001

		10/08		48		0.0195000004		0.3213199973

		11/08		49		0.0153200002		0.2960999906

		12/08		50		0.0122199999		0.271780014

		01/09		51		0.0093200002		0.2498400062

		02/09		52		0.00734		0.228459999

		03/09		53		0.0055999998		0.2081200033

		04/09		54		0.0043000001		0.1886399984

		05/09		55		0.00312		0.1700599939

		06/09		56		0.00236		0.1542399973

		07/09		57		0.0017199999		0.1380600035

		08/09		58		0.00134		0.1235200018

		09/09		59		0.00108		0.1098200008

		10/09		60		0.00076		0.0974199995

		11/09		61		0.00054		0.086120002

		12/09		62		0.00032		0.0758799985

		01/10		63		0.00022		0.0665400028

		02/10		64		0.00008		0.0580600016

		03/10		65		0.00004		0.0502399988

		04/10		66		0.00004		0.0432800017

		05/10		67		0.00004		0.0371600017

		06/10		68		0.00002		0.0318400003

		07/10		69		0.00002		0.0269799996

		08/10		70		0.00002		0.0230800007

		09/10		71		0.00002		0.0199800003

		10/10		72		0.00002		0.0169200003

		11/10		73		0		0.0139199998

		12/10		74		0		0.0116400002

		01/11		75		0		0.0099400003

		02/11		76		0		0.0082599996

		03/11		77		0		0.0063200002

		04/11		78		0		0.00514

		05/11		79		0		0.0041

		06/11		80		0		0.00336

		07/11		81		0		0.0025599999

		08/11		82		0		0.0021200001

		09/11		83		0		0.00166

		10/11		84		0		0.00128

		11/11		85		0		0.00106

		12/11		86		0		0.00086

		01/12		87		0		0.0007

		02/12		88		0		0.00056

		03/12		89		0		0.00044

		04/12		90		0		0.00028

		05/12		91		0		0.00014

		06/12		92		0		0.00014

		07/12		93		0		0.00014

		08/12		94		0		0.00014
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Run6: >=2 operating gyros
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