HGA Analysis (by Marcel)

Overview
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(Not drawn to scale.)

The Mars Exploration Rover (MER) High Gain Antenna (HGA) is mounted on a gimbal that has two degrees of freedom.  The two rotation axes are indicated above as dashed arrows “azimuth” and “elevation”.  During flight the dish is stowed with its boresight pointing rearwards, approximately above the center of the solar panel, where it fits inside the pyramid formed by the lander petals.  This is the 0,0 (angular) position.  During telecom the boresight must track Earth with < 2º error.  On completion, the HGA is stowed against hard stops, which may be deployed after landing.

Both rotational axes have limited range.  The azimuth axis has range 0º to +280º.  The elevation axis has range 0º to +190º, since telecom needs the boresight directed at Earth, i.e. above the horizon.  The position shown above is around 260º,90º.  There are hard stops at both ends of each axis.  These hard stops protect the hardware and facilitate calibration of the gimbal’s position sensors.

The HGA gimbal has one kinematic singularity, namely: whenever the boresight is parallel to the azimuth axis, the gimbal can be rotated about the azimuth axis without affecting telecom.

State Analysis For Earth-Pointing


Knowing where the Earth is involves:

· UTC (from which ephemeris can be calculated).


Knowing where the HGA boresight is pointing involves:

· HGA gimbal joint calibrations w.r.t. hard stops

· calibration of the above hard stops w.r.t. tilt sensors (and compass, if any)

· current joint positions: potentiometers and/or incremental encoders (potentiometer readings are temperature-dependent)

· rover body tilt w.r.t. gravity: tilt sensors = accelerometers

· rover body spin about the gravity vector: compass (magnetic error + drift?) or sun sensor (1.5º sun-centroid error)

· orientation w.r.t. Mars: rover lat & long (somewhere in the landing ellipse, ideally)

· various coordinate frames (HGA, rover body, lander, Mars local, Mars Surface Fixed, Mars Fixed Body, J2000)

Knowing whether we can successfully control and use the HGA involves:

· what the mission phase is (which can depend on various things)

· whether the mission phase allows HGA use

· whether the telecom “command” arguments make sense

· whether the rover is stationary (telecom and driving are mutually exclusive)

· whether the pancam mast assembly has been deployed successfully (if not, the HGA range of motion may be restricted)

· whether the Earth is “sufficiently above” the horizon

· whether sufficient energy is available (battery, solar power as function of MLST), continuously (no intermittent power problems)

· whether the radio is operational and ready

· whether gimbal motors are warm enough (if applicable)

· whether gimbal motors are stuck vs operational

· whether gimbal motor currents remain within limits

· whether joint position sensors are operational

· whether tilt sensors/accelerometers are operational

· whether the sun sensor or compass is operational

· Mars Local Solar Time to decode the sun sensor

· whether the rover telecom software is operational, specifically none of:

· exceptions:

· memory-corruption or null-pointer exceptions

· numerical over- or under-flow exceptions

· other?

· watchdog timer trip:

· CPU load not properly anticipated

· code damaged by SEU

· a bug in some loop termination

· time-out (telecom takes longer than planned)

· abort (levied by the “sequence engine”)


Goals:

· (from t1 until t2) keep the azimuth joint at a desired position, optionally varying as a function of time (elevation similarly).

· drive a gimbal axis to a hard stop (for calibration and stowing)

· (from t1 until t2) keep │HGA boresight – Earth-point│ <  2º


Remarks / questions:

· A 10 km landing ellipse = ¼º direction uncertainty.  Add this to the HGA error budget (attached at end) – or omit the sun sensor, or replace the sun sensor with a magnetic compass – and the pointing error becomes large enough to jeopardize telecom.  How to establish contact in this case?  Should we worry about this?

· Is it an option to define a (derived) state variable for the Earth-point-minus-HGA-boresight error, and post the goal on that?

· Does it matter (e.g. state variable persistence) that the HGA pointing error is relevant only during telecom?

· I've prejudiced the above analysis by using forward kinematics, i.e. computing directions in Cartesian space.  Several Cartesian choices are available.  We could also use inverse kinematics into 2D joint space and post goals on joint angles instead.  Arguments bearing on this:

· Earth-point moves ¼º/minute due to Mars rotation alone, so approximately 16º per hour of telecom time.  Hence Earth-point is a smooth arc in Cartesian space.  It’s less intuitive in joint space.

· The joint-space trajectory is constrained by joint limits, so we may have to rotate a joint from e.g. –180º to +180º.  Notice this is a discontinuity!  But we can't interrupt telecom for this, i.e. this must be done with the HGA at a kinematic singularity (rotating while keeping Earth-point).  (Need to figure this out in detail to know whether it’s really an issue.)

· In 3D space, the Earth-point trajectory could be encoded with 3 estimate functions for a (unit) vector, angle-cosines, Euler angles, or quaternions.  In 2D joint space the trajectory estimate function would have to be a polynomial fit to numerical data, and a bad fit at discontinuities.

· Do we compute one (derived) continuous estimate-function for Earth-point, and then extract estimates on demand during telecom, thus finding the pointing error; or do we repeatedly derive Earth-point on-demand from its basis states?

· When a sensor is marked faulty (presumably in NVRAM), an associated state variable may have a large uncertainty; we have to decide when to use a different sensor, or rely on dead reckoning and try anyway; and there are many possible faults & combinations; do we write different achievers for each case?  Just how far off-nominal should our work go?

· When is device operational/faulty status (e.g. the radio) a state variable, versus a large uncertainty (for a sensed state)?

State Analysis For Stowing

When not in use, the HGA is stowed up against hard stops, thus minimizing occlusion of the solar panel, and minimizing potential damage to the HGA itself.  The only novelty here may be that a motor going over-current is not a fault but desired.

Miscellaneous

Rover Coordinate Systems
Right-handed, as shown below; +X is forward. Origin looks like it’s on the rover Y-axis centerline and at the leading edge of the WEB.  HGA angle origin & directions are TBD.[image: image2.wmf]Ephemeris Error
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deg (3-sigma)

Attitude Estimation Error at SunCam Cube

1.5

deg (3-sigma)

SunCam Cube to HGA Cube Alignment Knowledge Error

0.2

deg (3-sigma)

HGA Cube to HGA Mech. Boresight Placement Error (Mechanical)

1

deg (3-sigma)

Control Error (Software)

0.2

deg (3-sigma)

HGA Mech. Boresight to HGA Elec. Boresight Placement Error

0.1

deg (3-sigma)

Total RSS

1.83

deg (3-sigma)
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Error Source

Value (3

s

)

Units

Notes

Derived Requirements or Assumed Capabilities

1

HGA Pointing Control

0.200

deg

Same as MPF and J. Matijevic's HGA error budget.

2

Earth Vector (IVP)

0.100

deg

Same as MPF. IVP error is not statistical zero mean, but rather a bias error

1. The FS shall be able to estimate the earth vector during surface ops 

to within 0.1 degree

3

SunCam attitude estimate error

1.500

deg

Taken from J. Matijevic's HGA error budget

4

SunCam to Gimbal Assembly Alignment

0.200

deg

5

Gimbal Assembly to HGA Mount Alignment

0.500

deg

Same as MPF.

6

HGA Mounting to HGA Electrical B/S

0.100

deg

Taken from J. Matijevic's HGA error budget

TOTAL CAPABILITY = RSS(1, 3..6) + 2

1.709

deg

What about motor (backlash, encoder, etc) errors?

REQUIREMENT

2.000

deg

MARGIN

15%


Rover Tilt Angle Definitions

The rover tilt angle is measured from the origin of the rover coordinate frame.  It is defined as the angle between the local gravity vector and the ZR axis, assuming that the rover is an upright configuration (+ZR within ±90° off-nadir angle). The tilt direction is defined by the intersection of the plane containing the ZR axis and the gravity vector with the local gravity horizontal plane (plane perpendicular to the gravity vector). The tilt direction is called out in the down direction. The tilt orientation angle is measured in the local grav​ity plane from the direction of Mars North to the intersection of the plane containing the ZR axis and the gravity vector with the gravity horizontal plane. This angle is measured clockwise from Mars North when viewing the lander in the top view looking towards the ZR direction. 
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Error Source

Value (3

s

)

Units

Notes

Derived Requirements or Assumed Capabilities

1

HGA Pointing Control

0.200

deg

Same as MPF and J. Matijevic's HGA error budget.

2

Earth Vector (IVP)

0.100

deg

Same as MPF. IVP error is not statistical zero mean, but rather a bias error

1. The FS shall be able to estimate the earth vector during surface ops 

to within 0.1 degree

3

SunCam attitude estimate error

1.500

deg

Taken from J. Matijevic's HGA error budget

4

SunCam to Gimbal Assembly Alignment

0.200

deg

5

Gimbal Assembly to HGA Mount Alignment

0.500

deg

Same as MPF.

6

HGA Mounting to HGA Electrical B/S

0.100

deg

Taken from J. Matijevic's HGA error budget

TOTAL CAPABILITY = RSS(1, 3..6) + 2

1.709

deg

What about motor (backlash, encoder, etc) errors?

REQUIREMENT

2.000

deg

MARGIN

15%

HGA Pointing Error Budget
I found two error budgets in the same document (the MER Coordinate System and Phasing Document).  The first one doesn’t add up, and the two totals are different.
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Control Error (Software)
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Sheet1

		

		Ephemeris Error		0.01		deg (3-sigma)

		Attitude Estimation Error at SunCam Cube		1.5		deg (3-sigma)

		SunCam Cube to HGA Cube Alignment Knowledge Error		0.2		deg (3-sigma)

		HGA Cube to HGA Mech. Boresight Placement Error (Mechanical)		1		deg (3-sigma)

		Control Error (Software)		0.2		deg (3-sigma)

		HGA Mech. Boresight to HGA Elec. Boresight Placement Error		0.1		deg (3-sigma)

		Total RSS		1.83		deg (3-sigma)

		Requirement		2		deg (3-sigma)
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Notes & Edit Log

		This Excel workbook contains work-in-progress edits of MER error budgets and alignment trees.

		It also containsworksheets with MPF error budgets and alignment trees for reference.

		Custodian: Ed Swenka

		LIST OF ERROR BUDGETS

				Spin Rate Knowledge

						Sun Sensor Only Mode

						IMU Only Mode

				Spin Control

				Principal Axis Pointing Knowledge

						Celestial/Dynamic Model Mode

						Celestial/Inertial Mode

						Sun Sensor/Rhumbline Mode

				Principal Axis Pointing Control

				MGA Pointing Control

				Entry Pointing Control

				HGA Pointing Control

						Fixed

						Proportional

						Fixed

						Proportional

						Fixed

						Proportional

						Fixed

						Proportional

		LOG

		DATE

		9/14/00				Re-created MPF error budgets from AIM FRD and G&C Analysis Book.

		9/20/00				Added MPF Alignment Tree.  Created MER Alignment Tree based on MPF, including rover elements. Added list of MER error budgets that ACS is cognizant of to this section based on today's meeting with Grace Tan-Wang & Miguel San Martin.

		9/22/00				Split Principal Axis Pointing Knowledge into three categories based on three possible ways of performing that function.  Many error budgets incomplete at this time!

		9/25/00				Fixed typos on Error Budgets. Updated TCM error budgets with current MER requirements.

		9/26/00				Update error budgets and derived additional L3 requirements or assumptions for ICDs or design description documents.

		10/3/00				Update some of the TCM error budgets and derived additional L3 requirements or assumptions for ICDs or design description documents.





Error Budgets

				MER ERROR BUDGETS

		x		SPIN RATE KNOWLEDGE ERROR BUDGET

				SUN SENSOR ONLY

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Sun Sensor Resolution		0.016		rpm		0.5 deg DSA resolution, 1 measurement over 2 revs, -Z-axis 5 deg off sun-line		1. DSA resolution <= 0.5 deg
2. Angle b/t -Z-axis & sun-line >= 5 deg
3. (1) measurement over (2) rev is worst case update

						2		Sun Sensor Measurement Noise		0.014		rpm		0.45 deg DSA measurement noise, 1 measurement over 2 revs, -Z-axis 5 deg off sun-line		1. DSA measurement noise <= 0.45 deg
2. Angle b/t -Z-axis & sun-line >= 5 deg
3. (1) measurement over (2) rev is worst case update

								TOTAL CAPABILITY = RSS(1,2)		0.021		rpm

								REQUIREMENT		0.050		rpm

								MARGIN		57%

		x		SPIN RATE KNOWLEDGE ERROR BUDGET

				IMU ONLY

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		IMU Resolution				rpm

						2		IMU Quantization Error				rpm

								TOTAL CAPABILITY = RSS(1,2)		0.000		rpm

								REQUIREMENT		0.050		rpm

								MARGIN		100%

		x		SPIN CONTROL ERROR BUDGET

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Spin Rate Knowledge		0.050		rpm		Requirement, rather than capability, used		1. Spin rate knowledge error <= 0.05 rpm

						2		Minimum Impulse Bit		0.005		rpm

								TOTAL CAPABILITY = RSS(1,2)		0.050		rpm		What about thruster misalignment/thermomechanical stability and timing errors?

								REQUIREMENT		0.100		rpm

								MARGIN		50%

		x		PRINCIPAL AXIS POINTING KNOWLEDGE ERROR BUDGET

				CELESTIAL/DYNAMIC MODEL MODE

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Star Location (star catalogue)		0.010		deg				1. Star location (star catalogue) error <= 0.01 deg

						2		Star Scanner Accuracy		0.250		deg				1. Star scanner accuracy @ 2 rpm <= 0.25 deg

						3		Dynamic Model		0.200		deg		Dynamic modeling is the estimation error due to 1 deg of nutation when the ability to estimate nutation is dimished by a 5% uncertainty in S/C inertia knowledge.		1. S/C inertia knowledge <= 5%

								TOTAL CAPABILITY = RSS(1..3)		0.320		deg		What about misalignment/thermomechanical stability?

								REQUIREMENT		1.000		deg

								MARGIN		68%

						Notes: No fuel slosh and no thruster firings assumed

		x		PRINCIPAL AXIS POINTING KNOWLEDGE ERROR BUDGET

				CELESTIAL/INERTIAL MODE

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Star Location (star catalogue)		0.010		deg				1. Star location (star catalogue) error <= 0.01 deg

						2		Star Scanner Accuracy		0.250		deg				1. Star scanner accuracy @ 2 rpm <= 0.25 deg

						3		IMU Errors				deg

								TOTAL CAPABILITY = RSS(1..3)		0.250		deg

								REQUIREMENT		1.000		deg

								MARGIN		75%

						Notes: No fuel slosh and no thruster firings assumed

		x		PRINCIPAL AXIS POINTING KNOWLEDGE ERROR BUDGET

				SUN SENSOR/RHUMBLINE MODE

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1						deg

						2						deg

						3						deg

								TOTAL CAPABILITY = RSS(1..3)		0.000		deg

								REQUIREMENT		1.000		deg

								MARGIN		100%

						Notes: No fuel slosh and no thruster firings assumed

		x		PRINCIPAL AXIS POINTING CONTROL ERROR BUDGET

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Principal Axis Pointing Knowledge		1.000		deg		Requirement, rather than capability, used		1. Principal axis pointing knowledge <= 1.0 degree

						2		Minimum Impulse Bit		0.147		deg

						3		Nutation		0.500		deg		Need to talk to Sam Sirlin to see how to calculate this

								TOTAL CAPABILITY = RSS(1..3)		1.128		deg		What about misalignment/thermomechanical stability?

								REQUIREMENT		2.000		deg

								MARGIN		44%

						Note: Only applies to nominal 2 rpm spin rate

		x		MGA POINTING CONTROL ERROR BUDGET

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Principal Axis Pointing Control		2.000		deg		Requirement, rather than capability, used		1. Principal axis pointing control <= 2.0 degree

						2		Earth Vector (IVP)		0.500		deg		IVP error is not statistical zero mean, but rather a bias error		1. The FS shall be able to estimate the earth vector in cruise to within 0.5 degree

						3		Wobble - Cross Products of Inertia		0.256		deg		MPF had 1.3 degree allocation for wobble error source which contained both dry spin balancing errors and propellant migration.

						4		Wobble - Propellant Migration		1.300		deg		Need to talk to Sam Sirlin to see how to calculate this

						5		Geometric Z Axis to MGA Mounting Flange		0.500		deg		Taken from MPF.		1. The misalignment between the geometric Z-axis and the MGA mounting flange <= 0.5 degrees.

						6		MGA Mounting to MGA Electrical B/S		1.000		deg		Not included in MPF error budget, borrowed LGA value from Cassini error budgets, need to talk to Telecom about this

								TOTAL CAPABILITY = RSS(1,3..6) + 2		3.147		deg

								REQUIREMENT		5.000		deg		Not sure this is the MGA/LGA requirement, was for MPF.

								MARGIN		37%

		x		ENTRY POINTING CONTROL ERROR BUDGET

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Principal Axis Pointing Knowledge		1.000		deg		Requirement, rather than capability, used

						2		Minimum Impulse Bit		0.147		deg

						3		Spin-up Precession		0.500		deg

						4		Nutation		0.500		deg		Need to talk to Sam Sirlin to see how to calculate this

								TOTAL CAPABILITY = RSS(1..3) + 4		1.628		deg		What about misalignment/thermomechanical stability?

								REQUIREMENT		2.000		deg

								MARGIN		19%

						Note: This only contains ACS errors right now. Should be eventually expanded for entire 9 deg requirement and include mechanical system errors

				HGA POINTING CONTROL ERROR BUDGET

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		HGA Pointing Control		0.200		deg		Same as MPF and J. Matijevic's HGA error budget.

						2		Earth Vector (IVP)		0.100		deg		Same as MPF. IVP error is not statistical zero mean, but rather a bias error		1. The FS shall be able to estimate the earth vector during surface ops to within 0.1 degree

						3		SunCam attitude estimate error		1.500		deg		Taken from J. Matijevic's HGA error budget

						4		SunCam to Gimbal Assembly Alignment		0.200		deg

						5		Gimbal Assembly to HGA Mount Alignment		0.500		deg		Same as MPF.

						6		HGA Mounting to HGA Electrical B/S		0.100		deg		Taken from J. Matijevic's HGA error budget

								TOTAL CAPABILITY = RSS(1, 3..6) + 2		1.709		deg		What about motor (backlash, encoder, etc) errors?

								REQUIREMENT		2.000		deg

								MARGIN		15%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Mass Estimate				mm/s

						2		Thrust Variability				mm/s

						3		Thruster Systematic				mm/s

						4		Thruster Misalignments				mm/s

						5		Timing		1.000		mm/s		Is this simply just F/m*dT, where dT equals 1 RTI???

								TOTAL CAPABILITY = RSS(1..5)		1.000		mm/s

								REQUIREMENT		5.000		mm/s

								MARGIN		80%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Mass Estimate		1.700		%

						2		Thrust Variability		3.536		%		See MPF G&C Analysis Book for analysis and equation derivation.  MPF used a 5% thruster variability from the MPF TVA specification and assumed it was uncorrelated from thruster to thruster.		Need to talk to Miguel and Sam about this. Currently using MPF numbers.

						3		Thruster Systematic		2.000		%		MPF assumed a correlated error of 2% which was a guess based on similar Cassini requirements on ground modeling accuracy.		Need to talk to Miguel and Sam about this. Currently using MPF numbers.

						4		Cruise Stage Geometric Axes to Thruster Mounting Flange Misalignment		2.206		%		See MPF G&C Analysis Book for analysis and equation derivation		1. The mechanical misalighment between the thruster mounting flange and cruise stage geometric axes shall be less than 1.5 degrees
2. 40 deg cant angle from x-axis in the x/y plane

						5		Thruster Mounting Flange to Thruster Nozzle Centerline Misalignment		2.206		%		See MPF G&C Analysis Book for analysis and equation derivation		1. Each thruster shall have a mechanical misalighment between the nozzle centerline and the thruster mounting flange of less than 1.5 degrees
2. 40 deg cant angle from x-axis in the x/y plane

						6		Thruster Nozzle Centerline to Thrust Vector Misalignment		0.735		%		See MPF G&C Analysis Book for analysis and equation derivation		1. Each thruster shall have a thrust vector to nozzle geometric centerline error less than 0.5 degrees.
2. 40 deg cant angle from x-axis in the x/y plane

						7		Timing				%

								TOTAL CAPABILITY = RSS(1..7)		5.447		%

								REQUIREMENT		5.000		%

								MARGIN		-9%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Thrust Variability		3.168		mm/s		See MPF G&C Analysis Book for analysis and equation derivation; error slightly smaller here because 0.209 rad/sec (2 rpm) used instead of 0.2 rad/sec in MPF GCAB.		1. The uncorrelated thrust variability shall be less than 5%.
2. 40 deg cant angle from x-axis in the x/y plane
3. Thrust = 4.9 N
4. S/C Mass = 800 kg
5. S/C spin rate = 2 rpm

						2		Cruise Stage Geometric Axes to Thruster Mounting Flange Misalignment		2.166		mm/s		See MPF G&C Analysis Book for analysis and equation derivation; error slightly smaller here because 0.209 rad/sec (2 rpm) used instead of 0.2 rad/sec in MPF GCAB.		1. The mechanical misalighment between the thruster mounting flange and cruise stage geometric axes shall be less than 1.5 degrees
2. 40 deg cant angle from x-axis in the x/y plane
3. Thrust = 4.9 N
4. S/C Mass = 800 kg
5. S/C spin rate = 2 rpm

						4		Thruster Mounting Flange to Thruster Nozzle Centerline Misalignment		2.166		mm/s		See MPF G&C Analysis Book for analysis and equation derivation; error slightly smaller here because 0.209 rad/sec (2 rpm) used instead of 0.2 rad/sec in MPF GCAB.		1. Each thruster shall have a mechanical misalighment between the nozzle centerline and the thruster mounting flange of less than 1.5 degrees
2. 40 deg cant angle from x-axis in the x/y plane
3. Thrust = 4.9 N
4. S/C Mass = 800 kg
5. S/C spin rate = 2 rpm

						5		Thruster Nozzle Centerline to Thrust Vector Misalignment		0.722		mm/s		See MPF G&C Analysis Book for analysis and equation derivation; error slightly smaller here because 0.209 rad/sec (2 rpm) used instead of 0.2 rad/sec in MPF GCAB.		1. Each thruster shall have a thrust vector to nozzle geometric centerline error less than 0.5 degrees.
2. 40 deg cant angle from x-axis in the x/y plane
3. Thrust = 4.9 N
4. S/C Mass = 800 kg
5. S/C spin rate = 2 rpm

						6		Initial Attitude Estimate/Wobble				mm/s

						7		Timing				mm/s

								TOTAL CAPABILITY = RSS(1..7)		4.465		mm/s

								REQUIREMENT		5.000		mm/s

								MARGIN		11%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Thrust Variability				deg

						2		Thruster Misalignments				deg

						3		Initial Attitude Estimate/Wobble		2.000		deg

						4		Timing		1.300		deg

								TOTAL CAPABILITY = RSS(1..5)		2.385		deg

								REQUIREMENT		2.865		deg		50 mrad = 2.865 degrees

								MARGIN		17%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Mass Estimate				mm/s

						2		Thrust Variability				mm/s

						3		Thruster Systematic				mm/s

						4		Thruster Misalignment				mm/s

						5		Timing		1.000		mm/s

								TOTAL CAPABILITY = RSS(1..5)		1.000		mm/s

								REQUIREMENT		5.000		mm/s

								MARGIN		80%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Mass Estimate		1.700		%

						2		Thrust Variability		1.830		%

						3		Thruster Systematic		2.000		%

						4		Thruster Misalignment		1.130		%		Should decompose this into various thrust misalignments

						5		Timing				%

								TOTAL CAPABILITY = RSS(1..5)		3.393		%

								REQUIREMENT		5.000		%

								MARGIN		32%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Thrust Variability				mm/s

						2		Thruster Misalignments				mm/s

						3		Initial Attitude Estimate/Wobble				mm/s

						4		Timing		4.000		mm/s

								TOTAL CAPABILITY = RSS(1..4)		4.000		mm/s

								REQUIREMENT		5.000		mm/s

								MARGIN		20%

								Error Source				Units		Notes		Derived Requirements or Assumed Capabilities

						1		Thrust Variability		0.600		deg

						2		Thruster Misalignments		0.900		deg

						3		Initial Attitude Estimate/Wobble		2.000		deg

						4		Timing		0.700		deg

								TOTAL CAPABILITY = RSS(1..5)		2.379		deg

								REQUIREMENT		2.865		deg		50 mrad = 2.865 degrees

								MARGIN		17%





MER Alignment Tree

																																				Alignment Tree for MER

																																				- Cruise Stage -

																																																				K: 1.7 mrad

																																										K: 3 mm

												C: Function														C: 2.5 mm												C: 26 mrad

												of fuel fill																										C: 10 mm

																																		C: 0.2 mm

																																		C: 5 mm				C: 5 mm

																																																																														E. Swenka, 9/20/00

																																				Alignment Tree for MER

																																				- Lander/Rover -

																																																																														E. Swenka, 9/20/00
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MPF Error Budgets

		

		MPF Error Budgets taken from AIM FRD, Rev. A, February, 3, 1995

		Function		Error Source		Value		Total (RSS)		Reqmnt		Units		Reference

		Spin Rate Knowledge

		• 5 degrees off-sun, 2 revs

		1		Sun Sensor Resolution (.5 deg)		0.016

		2		Sun Sensor Measurement Noise (.45 deg)		0.014

				Total = RSS(1,2)				0.021		0.050		rpm		PF-300 5.1.1

		Spin Control

		• 5 degrees off-sun, 2 revs

		1		Spin Rate Knowledge		0.050

		2		Minimum Impulse Bit		0.010

				Total = RSS(1,2)				0.051		0.100		rpm		AIM

		Principal Axis Pointing Knowledge

		• Celestial Mode

		• No fuel slosh

		• No thruster firings

		1		Star Location (star catalogue)		0.010

		2		Star Scanner Accuracy		0.250

		3		Dynamic Model (1 degree nutation, 5% Inertia)		0.200

				Total = RSS(1..3)				0.320		1.000		deg		AIM

		Principal Axis Pointing Control

		1		Principal Axis Pointing Knowledge		1.000

		2		Minimum Impulse Bit (H-Vector)		0.100

		3		Nutation		0.500

				Total = RSS(1..3)				1.122		2.000		deg		PF-300 5.1.1

		MGA Earth-Pointing

		1		Principal Axis Pointing Control		2.000

		2		Earth Vector (IVP)		0.500

		3		Wobble, Principal axis to Z Axis (includes dry spin balance and propellant migration)		1.300								Div. 35

		4		MGA Mounting Flange to Geometric Z Axis		0.500								Div. 35

				Total = RSS(1,3,4) + 2				2.937		5.000		deg		(goal)

		Entry Pointing Control - ACS Contribution

		H Vector Pointing Control

		1		Principal Axis Knowledge		1.000

		2		Minimum Impulse Bit		0.100

		3		Spin-up Precession		0.500

				Total = RSS(1..3)				1.122		1.500		deg		PF-300 5.1.2

		Nutation

				Nutation Control		0.500				0.500		deg		PF-300 5.1.2

		HGA Pointing Control

		1		AIM HGA Pointing Control		0.200

		2		Earth Vector (IVP)		0.100

		3		Landing Site Position		1.670

		4		Total 3-head Accel Errors (including alignment)		1.500

		5		Accel to HGA Base Alignment (fully calibrated, using accel @ 40g range, 14 bits)		0.300

		6		IMP Base to HGA Base Alignment		0.100

		7		HGA Mount to Gimbal Assembly Alignment		0.500

		8		IMP Error in Sensing Sun Vector		1.000

				Total = RSS(1,3..9) + 2				2.636		3.500		deg		PF-300 5.3.1

		MPF Error Budgets taken from G&C Analysis Book, Final, March, 1995

		Function		Error Source		Fixed Error (mm/s)		Proportional Error (%)				Notes

				Error Source		Fixed Error (mm/s)		Proportional Error (%)

		1		mass estimate				1.7				25.4 mm axial cm uncertainity

		2		thrust variability				3.5				5.0%

		3		thruster systematic				2.0				2.0%

		4		thruster misalignments				3.2				2.18 degrees

		5		timing		1.0

				TOTAL (RSS)		1.0		5.5

				REQUIREMENT		10.0		10.0

				Error Source		Fixed Error (mm/s)		Proportional Error (deg)

		1		thrust variability		3.3

		2		thruster misalignments		3.3

		3		initial attitude estimate/wobble				2.0

		4		timing		0.0		1.3

				TOTAL (RSS)		4.7		2.4

				REQUIREMENT		10.0		5.7

				Error Source		Fixed Error (mm/s)		Proportional Error (%)

		1		mass estimate				1.7				25.4 mm axial cm uncertainity

		2		thrust variability				1.8				5.0%

		3		thruster systematic				2.0				2.0%

		4		thruster misalignments				1.1				2.18 degrees

		5		timing		1.0

				TOTAL (RSS)		1.0		3.4

				REQUIREMENT		10.0		10.0

				Error Source		Fixed Error (mm/s)		Proportional Error (deg)

		1		thrust variability				0.6

		2		thruster misalignments				0.9

		3		initial attitude estimate/wobble				2.0

		4		timing		4.0		0.7

				TOTAL (RSS)		4.0		2.4

				REQUIREMENT		10.0		5.7





MPF Alignment Tree

																																				Alignment Tree for MPF AIM

																																				- Cruise Stage -

																																																						K: 1.7 mrad

																																														K: 3 mm

																C: Function												C: 2.5 mm														C: 26 mrad

																of fuel fill																										C: 10 mm

																																						C: 0.2 mm

																																						C: 5 mm

																																																																														Re-created from hard copy of IOM 343-94-261, "MPF AIM Curise Alignment Control & Knowledge Requirements," July 20, 1994, S. Franklin
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