
 

Attitude Orbit Control Systems

orientation

Linksto othersubsystems

Payload pointing requirements driveAocsdesign

Orbit

Config influencedbyFovrequirementsand specific orientationof satellite
structures for large lightweight structures w d fundamental fregs

the flexibilityneedsto betaken into account

Propulsion controlledby AOCS

Attitude Control orientation in space

Tocontrol attitude spacecraft musthave
ability todetermine current attitude
determinedifferencesbetweencurrent desired
attitude
apply torques tochangeattitude

z pointsto Earth's centre nadir

Attitudecontrol usedfor Orbit Controlusedfor
Detumbling Launchvehicletrajectory
Earthpointing Orbitinjection
Sunpointing Swigleimpulsemanoeuvres
Tracking Hohmann transfer
safemode Interplanetary flight

Orbitalrendezvous
usedwhensomething
goes wrong

Orbitalcontrolcovered already
pointsolarpanelsatsun changes at perigee made at apogee
pointantennas atearth
everythingelseoff



Spacecraft Stabilisation

Spin stabilisation usespin togivegyroscopicstability in inertial space
Takesadv of resistanceof spinningbodyto disturbancetoques
Thrustersused toremove procession
controlof momentsof inertia required

Pros lowcost longlife providesscanmotion
Cons poormanoeuvrability pointing is challenge oneaxisfixed lowpower

Gravity gradient longsatellites tend topointtowardsearth as closerportion
feels slightly greatergravitational fone

Takesadvof spacecrafttoalignits longaxis
w gravityvector
Gravitytorquesmustbe disturbancetorques
usually 1000km
Momentum wheel oftenusedtoprovide

deployedboom yawstability
helpsimproveinertial

properties Pros Simple lowcost longlife nadirpointing
6ns low accuracy poormanoeuvrability

pooryaw stability

Three axis control active control

Spacecraft treated as aircraft separate control actuation

perprinciple axis

Asymmetryor momentumwheels cross coupling betweenaxes

conceptuallysuniplebutrequiresmore actuators

Pros largerflexibility during operation

6ns more complex and costly
Mostcommonlyusednow



Pointing Control
Target desiredpointing direction
True actualpointing direction mean
Estimate estimateof tune Luistantaneous

a pointing accuracy long term attitude error
S stability peak peak motion attitudejitter
k knowledgeerror
c control error

weneed toknowwhat pointing accuracyrequiredand thenwhatknowledgeof the
accuracy usually10 of pointing accuracy

Perturbations

So farwe'veconsideredpointmasses

in reality nothing is ever in orbitaround a
pointmasswithoutanyotherperturbations

Thetwobodyproblem is usually the dominant orbitaldynamic Everything
else is reguarded as a smallpertubation

it Mfg t tap

The spacecraft in orbit is subject to smallforces torques arisingfrom
1 Non sphericity of Earth or otherattracting body
2 Themoon sun andotherbodies
3 Gravitygradient
4 Interactionwithmagnetic field
5 Aerodynamic dragof residual atmosphere
6 Solarradiationpressure
7 Satellitecentre of mass8 Operationof mechanisms



J2 5 effectsdue to non
sphericityofearth

MagneticTorque especially concerning for polar Leosatellites

localmagnetic strength Tesla
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fromelectric circuit currents

Drag yo impacted area
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SolarRadiationPressure
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centreofpressure m
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F GasAsIt g cosi
incidenceangle

reflectancefactor usually 0.6I areaexposed
speedoflight to radiation

AttitudeDetermination for 3D

Sensors attitudedeterminationrequires 2 sensors e.g
1 Magnetometers measure magnitude directionofmagneticfield
2 Sunsensors measure positionofSun
3 Earthsensors earth

4 Star trackers compare imageof sky tostoredmap
5 Gyroscopes measurerotationof spacecraft without external references

Sensor Performance

larmin Armin fo of a degree



Magnetometers

Measures Boc By Bz ofambient magneticfield

compares measured to modelled B

mountedon boom
toavoidelectricfield

Sunsensor
outputs digitaldataon angularpositionofSun azimuth a devotion B

Lightfallsthrough slitontophotodetectors
voltageinduced

Orientrig 2 sensorsperp full determination
g position

EarthHorizon Sensor

Onlyprovides2axisknowledge

Scans 2beams acrossearth difference
in time and spacecraft relative angles
and beginning endgive 2 ad'sknowledge

Poor in yaw

Star Tracker
camerathattakespicsofstars
andcompares to catalogueof Stars

Pros highly accurate and reliable

cons high moss volume power can be
blindedby sun moon



Gyroscopes

spinningmosses can detectspacecraft motion

W notorque gyrospoint insomedirection

W torque they process in predictable directionandamount

precession rotationwithconstantangular v in a
direction900fromappliedtorque

Mustspur at high speed

Attitude Determination

Statevector
collectsensor estimation g Expressattitude s Correctattitude
data analysedata as vectors u actuators

for best5it y
Eulerangles

Batchestimators Directioncosine
Recursive hostsquares Quaternions
Kalmanfitter

RotationRepresentations

Euler Angles

Easyto understand

roll Have singularities

Noteasy to implement on computerpitch
yaw Sequence is critical

Rp Rz Rz are rotationmatriceseach corresponding to 1of 3 Eulerangles
Total R R Rz Rz
DirectionCosineMatrix
ProductofEuler rotations



Quaternion
nosingularities
notinyfunctions
4 dimensions 3Dvector t angleof rotation

Actuators

y
Port rpmchanges

attitude

Reaction Momentum Wheels

If ttahisath
flywheelswhichrotateatflywheelwhichcan

bdineitmiftldorm
other

a fixed nominalnonzerorate
attitudechanged

withchangefroma works as T dtI
nominalrotationrate at
g zero

Pros Cons

Electric nofuelconsumed OnlyrotationaroundCom

Powerefficient Mechanism undesirable

Don'trely onmag field Saturation madrpmexceeded
Imaxmomentumstoned

i any Attu deceleration

requiresthrustertoreverse
ControlMoment Gyros

likereactionwheels t aerial control 4 degreesof freedom
can beused for control of large spacecraft

Magnetorquers or torquerods

longhelical coils w solidmetalcore
use current to generate magneticfield interactsw ambientmagneticfield

and alleging

used for detumbling or desaturating reactionwheels



Pros Cons

lowpower low torque
Nopropellant Depends on strength
Inexpensive of field
lightweight
No mechanism goodforLEO

Paralleltorquerod 5
is not useful
only perp

Thrusters Reaction ControlSystem
Provide control torques

Usually usesome devices as those thatcontrol translation

operated in equal oppositepairs torquebut nonetforce

Redundancyusuallyrequired complex expensive

Also usedfor orbit control

AOCS


