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[MpaBUAbHaA OPUEHTAUMUA CAYTHUKA NPU ABUKEHUM MO opbute
Ba*KHa An8 ¢OTOo- M BUOEOCHEMKM MOBEPXHOCTU 3EMJIN,

aCTPOHOMMYECKUX HabaoaeHUM n T.4.

Mcnonb3oBaHME MArHUTHOM KaTyLIKM ABAAETCA OAHMM U3
MeTo40B CTabnansaumm opmeHTaumm.



B3anmoaencrasme ¢ MarHUTHbIM nonem 3em/iM MarHUTHOM
KaTYLLUKKU CMYTHMKA NPUBOAUT K BOSHUKHOBEHMIO MOMEHTA CUJIb.

Takmum obpasom ynpasneHme BeZIM4YNHOMN TOKa B MarHUTHOMU
KaTyLLUKe MOXeT MHOrAa YMeHbLLATb SHEPrmto BpaLlleHUn
CMYTHUKA. 3TO NPOUCXOAMNT, KOraa npaBu/ibHbIM BbiIbDOpOMm

BE/IMYMHbI MarHMTHONO MOMEHTA COBEPLUAETCA OTpULUaTenbHas
paboTa.



[lanee byaem npeanonaratb, YTO CNYTHUK  CHab)KeH
YCTPOUCTBAMM onpedeneHns CBOEWN OpPUeHTauun, CBOEero

BpalleHna (Hanpumep, TrMPOCKON U3 HEMArHUTHbIX MaTepuanos)
1 BbIMMCNEHMNA MAarHUTHOTO Mo/ 3eMAM.



1. BblUMCAUTD MAarHUTHbIE MOMEHTbI U MOMEHTbI CUJT KaTYLLIKW,
ONA TPpex aibTepHaTmB

1. TOK BK/NOYEH B HEKOTOPOM HamnpaB/ieHUM a,
2. TOK BKJ/IHOMEH B HanpaB/ieHUU b, NpOTUBOMONOXKHOM HAaNpPaBAEHMIO 3,

3. TOK BblIK/1HOYEH.

2. Ona KaXaon wn3  anbTepHaTMB HaUTM Npeanosaraemyro
M3MEHMUBLLYIOCA SHEPrnto BpaLlleHMA CNYyTHUKA.
3. Boibupaem Ty anbtepHaTUBY, KOTOpoe  npuBeaer K

YMeHbLWEeHUK 3HEPTUN
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Hubble Space Telescope Precision Pointing Control System

G. A. Beals,* R. C. Crum,f H. 1. Dougherty,i D. K. Hegelf, J. L. Kelley§, and J. J. Rodden
Lockheed Missiles & Space Co., Inc., Sunnyvale, California

The Hubble Space Telescope has the most stringent pointing requirements imposed on any spacecraft to date.
The overall HST pointing stability shall be 0.007 arcsec rms or less. The Pointing Control System uses fine-
guidance sensors and rate gyros for attitude reference and rate information. Control torques are provided by
reaction wheels. A digiial computer collecs the sensor data, performs the conirol law compuiations, and sends
torque commands to the reaction wheels. To attain this precision pointing, improvements were made to the rate
gyros to lower their noise characteristics and to the reaction wheels to reduce their induced vibration levels. The
control system design was validated in a test sequence that progressed from model verification iests on an air-
bearing to operations-oriented, closed-loop testing on the assembled vehicle. A test system is described that
allowed the simultaneous production of test-case command loads for the flight computer and plots of predicted
profiles to assist in test data analysis. Testing and analysis indicated that the HST will be capable of meeting the

requirements for precision pointing.

Nomenclature
FGS =Fine-Guidance Sensor
FHST =Fixed-Head Star Tracker
FOV =Field of View
HSIF = Hardware/Software Integration Facility
HST =Hubble Space Telescope
PCS = Pointing Control System

Introduction

' HE NASA Hubble Space Telescope (HST), shown in Fig.
1, is a 2.4-m free-flying telescope designed to allow scien-
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ing fine pointing. Magnetic torquers are used for momentum
management.

The flight digital computer performs computations for the
control law, attitude reference, momentum management law,
and the command generator, as illustrated in Fig. 2. The PCS
control law incorporates a finite-impulse response filter in the
rate path to provide an adequate stability margin with respect
to the spacecraft structural modes. The position path uses an
attitude observer to combine the attitude data derived from
the FGS or star trackers with the rate data from the gyros.

Momentum management processing uses magnetometers and
maonatic tnrmmers fo minimize the reactiom wheel eneads The
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Fig.2 Primary control system.
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TP MaArHMUTHbIX KaTyLKW MO3BONAIOT BbiOMpaTb MPOU3BOJIbHOE
HanpaB/ieHWe MarHUTHOroO MOMEHTA U COOTBETCTBEHHO MOMEHTA
CUNbI.

Ctabunmsaumnsa opmeHTaumm CNyTHMKA TOIbKO OAHOW KATyLWKW B
obwem cnyyae HepgoctatodHo. [na 3toro  HeobxoaAMmo
MCNONb30BaTb  AOMOJIHUTE/NbHbIE  YCTPOUCTBA, Hanpumep,
aemngep, NOCTPOEHHbIM Ha ANCCMNALNN SHEPTUN Yepes TPEeHME
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Innovative Solutions In Space SATELLITE SOLUTIONS PLATFORMS LAUNCH SERVICES R&D AND SERVICES

Home » Products » Attitude control systems » ISIS Magnetorquer Board

SIS Magnetorquer Board

€8,000

e Three-axis magnetometer
* Three actuators; two torque rods and one air core torque.
* Current sensors for each torque
* Temperature telemetry of actuators
e Nominal 0.2Am? actuation per actuator
e Suitable to detumble up to 12U (~24kg) CubeSats
* Applications
o CubeSat detumbling & magnetic attitude control
o Reaction wheel desaturation
e Interface
o I2C control allows for use in any CubeSat bus
o Compatible with PC-104 mechanical interface
o Compatible with most CubeSat structures

& Option Sheet
& Brochure

& IGS

& STEP

Availability: 8 — 12 weeks

Nurantitu- 1 AN aBiNa =) =.Wallla
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PRODUCTS ~ VENDOR INFORMATION ~ HOW IT WORKS FAQ ™ INQUIRY LIST (o) Q

Home » Products » Attitude actuators » MTo1 Compact Magnetorquer

PRODUCT SEARCH

MTo1 Compact
Magnetorquer

Search products...

With only 7.5 grams and 3.2 millimeters thickness, the MTO1

R SRSt Compact Magnetorquer is a vacuum core magnetic coil

designed fo ADCS control in cubesat mission from 1U to 3U that

Antenng systems boast an impressive performance compared to its small

Attitude actuators footprint over the mass, power and area budget of the

Attitude sensors spacecraft. Even with that small dimensions the MTO01 is
Cameras & payloads = Y : capable of greater magnetic moments, turn speeds and angular
Command & data handling , ! accelerations than comparable products on the market, yet the
Communication systems power usage is kept to a minimum: It can turn a TU mass 90
CubeSat kits & buses degrees in 60 seconds using only 0.2 Watts at a LEO orbit of

rani..__ _
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CywecTBeHHbIMM  OrpaHUYEHUAMM  MPUMEHUMOCTU  TaKUX
YCTPOMCTB ABAAIOTCA: C€NaboCcTb MaArHUTHOro nons 3eminum,
3aBMCMMOCTb DO/bLUMHCTBA M3BECTHbIX aNTOPUTMOB YNpaBAEeHUS
OT TOYHOCTM onpeaesieHNa opueHTaumMm CNyTHUKA N BEKTopa ero

BpaweHua. Tem He MmeHee, noaobHble cuUcCTeMbl AO0BOJIbHO
PACNPOCTPaHEHHbI.
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1. BblUMCAUTD MAarHUTHbIE MOMEHTbI U MOMEHTbI CUJT KaTYLLIKW,
ONA TPpex aibTepHaTmB

1. TOK BK/NOYEH B HEKOTOPOM HamnpaB/ieHUM a,
2. TOK BKJ/IHOMEH B HanpaB/ieHUU b, NpOTUBOMONOXKHOM HAaNpPaBAEHMIO 3,

3. TOK BblIK/1HOYEH.

2. Ona KaXaon wn3  anbTepHaTMB HaUTM Npeanosaraemyro
M3MEHMUBLLYIOCA SHEPrnto BpaLlleHMA CNYyTHUKA.
3. Boibupaem Ty anbtepHaTUBY, KOTOpoe  npuBeaer K

YMeHbLWEeHUK 3HEPTUN
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UnityEngine.PhysicsModule

Description

The Physics module implements 3D physics in Unity
JoxCollider A box-shaped primitive collider
CapsuleCollide A capsule-shaped primitive collider

CharacterController A CharacterController allows you to easily do movement constrained by colli

Characterjoint Character Joints are mainly used for Ragdoll effects.
Collide A base class of all colliders.

Collision Describes a collision

Configurablejoint The configurable joint is an extremely flexible joint giving you complete cont

ConstantForce A force applied constantly

ControllerColliderHit ControllerColliderHit is used by CharacterController.OnControllerColliderHit

MexnnaTtdopmeHHasi cpea pa3paboTkn KOMMbTEPHbIX Urp. Unity no3so,  Exedjoint he Fixed joint groups together 2 rigidbodies, making them stick together in
MPUITOXEHUHA, pa6OTaroume noa bonee yem 20 pa3nn4HbIMU onepaunoHHE HingeJoint The HingeJoint groups together 2 rigid bodies, constraining them to move lik
BKITHOYAOLLMMWN NepCOHarbHbIE KOMMbIOTEPDI, UTPOBbIE KOHCOMNN, MOBUIMBbH o Joint is the base class for all joints

NHTepHeT-NpunoxeHus n gpyrue. Boinyck Unity coctosanca B 2005 rogy u «
NOET NOCTOsIHHOE passuTHe. Buknneans

shCollide A mesh collider allows you to do collision detection between meshes and pr
‘Materia Physics material describes how to handle colliding objects (friction, bouncine

Physics Global physics properties and helper methods

Control of an object's position through physics simulation

SphereCollider A sphere-shaped primitive collider
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public Vector3 inertiaTensor;

Description

]

The diagonal inertia tensor of mas

o

~mtrnd of an N I - _ )
- 0T Ui d Ojecl’s pog he inertia tensor is rotated by the
rigidbody. You can reset the inerti
Adding a Rigidbody comy
pulie OWnNwarg oy gra\y // Expose tensor of inerq
'/ the inspector.
using UnityEngine;
ne RIgIO0C di>0 Nas d using System.Collections
terms of the Torces appii
public class ExampleClasi
and respona rorrectiv to ;
public Vector3
b | public Rigidbody
st ¢ o i void Start()
frame 1indate tack<y Tha 1
dimne up = 3 €
mumadiatebr hofnras aach rb = GetComponeni
gaiately oerore eacn
rb.inertiaTensor
A COMmMmo DDIEM wne
The default gravity settinPs adeeumearonsworiy |
Are 3 " G ' t wher q oy g the "
Ol © w - o - = A LA - WAD = v - - . - LA
{oTa e SIOW e | SICS engine thinks they an
than - T "I P— - o oulie s ot
LNEIr SCaie € € (50 d Call SNOouUa oe aDOUL & uni

dbody.iner

tiaTensor

Rigidbody.inertiaTensorRotation

public Quaternion inertiaTensorRotation;

Description

otation

f you don't set intertia tensor rotation from a script it will be calculated automatically from all colliders &

// Resets the inertia tensor to be the coordinate system of the transform

using UnityEngine;
using System.Collections;

public class ExampleClass

void ResetTensor()

Quaternion.identity;

GetComponent<Rigidbody>().inertiaTensorRotation =

N

=

s e
IDDE3
dpPpe
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void Start()
{

rb.AddTorque(transform.up * fx, ForceMode.Impulse);
rb.AddTorque(transform.right * fy, ForceMode.Impulse);
if (!Directory.Exists("D:/MyUnitySettings"))

{
Directory.CreateDirectory("D:/MyUnitySettings");

}

if (IFile.Exists("D:/MyUnitySettings/settings.ini"))

{
File.Create("D:/MyUnitySettings/settings.ini");

}
File. AppendAllText("D:/MyUnitySettings/settings.ini", "New" + Environment.NewLine);
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void FixedUpdate()

{
if (Input.GetKeyDown("space")) {

s = torque * Time.deltaTime;
I
int fingerCount = 0;
foreach (Touch touch in Input.touches)

{

if (touch.phase != TouchPhase.Ended && touch.phase != TouchPhase.Canceled)

{
fingerCount++;
a = touch.position.x / Screen.width;
b = touch.position.y / Screen.height;
if (b >0.5) v=torque * Time.deltaTime;
if (b <0.5) v =-torque * Time.deltaTime;

}

}

20



vl = Vector3.Cross(transform.up, Vector3.left) * ds*s;
File.AppendAllText("D:/MyUnitySettings/settings.ini", omega.magnitude.ToString("#.00000"));
File.AppendAllText("D:/MyUnitySettings/settings.ini", "," + (ds*s).ToString("#.00000") + Environment.NewLine);
rb.AddTorque(vl);
s=0;

21
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[TOMMMO  CUABbHOIMO  MPeAnoONOXEeHUA O  KPaTKOBPEMEHHOM
BO34EeNCTBUU aiTOPUTM COAEPKUT TaKKe o4yeBUAHbIe HeJO0CTaTKM

1. Bce Tpn BapuaHTa MOryT HMKAK He BAMATbL Ha 3Hepruto. TaKowu
C/lydan BO3HMKAET, KOraa KaTylKa napassieNibHa BeKTopy
MArHUMTHOro nNona 3emnmu.

Echn cuna TOoKa 3apaHa, TO 3HEPrna B HEKOTOPbIX Cay4asax He
YMEHbLLATbCA BO BCeX Tpex cny4dasax. Hanpumep, Korga BpalleHme,
BbI3BAHHOE MarHUMTHbIM MOMEHTOM, B pPasbl MNPEBOCXOAUT TO
BpallleHWe, Kotopoe Tpebyetca CcHM3UTbL. HO ectb M MmeHee
O4YeBUAHbIE CyYan.
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OcraBJisis IOKa B CTOPOHE BOINPOC O BOSMOXKHEIX 3aKOHAX yNpaB-
JIEHHUS, OTMETHM OCHOBHBIe OCOOEHHOCTHU ynpaBieHussi B MI13, BhiTe-
Karouue 13 Boipaxkenud (1. 1) u (1. 2).

[lepBasi 0COOGEHHOCTb, KaK 3TO CJEAYeT CO BCeH OYeBHAHOCTHIO
u3 dopmyanl (1. 1), 3akaiouaercs B TOM, 4TO BEKTOP YIPaBJ/AIONIEro
mMovmeHTa M neprneHAUKYNsipeH BEKTOPY B ¥ mo3TOMY Heslb3si CO3kaTh
VIIpaBJSIOIIHA MOMEHT B HANpaBJEHUHU I0J5; BCE BO3MOXKHBIE I0JIO-
xenuss M 3ak/i0ueHbl B IIJIOCKOCTH, HOpMaJbHO# B.

BTtopas ocoOeHHOCTb, HUJJIOCTpUPYyeMasi Bbipaxenuem (l.2),
COCTOHT B TOM, 4YTO YIIpaBJeHHE II0 OCIM OKAa3blBaeTCHd 3aBHCHMBIM
(ynpaBasironiue MarHUTHbIE MOMEHTBbl JEHCTBYIOT He  TOJIbKO
B «CBOEM» — OJHOHMEHHOM — KaHaJjle yIpaBJieHHs, HO H B JIPYTHX
KaHagax). HesaBucumoe yIpaBjeHHe MOXKeT OblTb o0ecrned4eHo
JHIIb OTHOCHTEJBHO ABYX oced. Hampumep, npH H3BecTHRIX B HaH-
HBIF MOMEHT Npoekuusax 1nojs By, By, B, 115 noaydenus Tpedyemoro
yupaBagwulero momeHta M, B KaHaJe X HeoOXOAWMO YCTaHOBHTH

B KaHale y MoxeT ObIThb JAOCTUTHYT JHIIL COOTBETCTBYIOIIHY

Gopom L., npu 31OM ynpaBAsioOmuil MOMEH

YXe YCTAHOBJEHHLIM B 3aBH: OT €
XoTd OTMeueHHbIE

CTATIONIII Trnyrse Avs azses st




B ToXKe Bpema anroputm obnagaet HEKOTOPbIMU NPEUMYLLECTBAMU U
BO3MOKHOCTAMM ANA YCTPAHEHMA HEeAOCTAaTKOB:

1.
2.

3.

dJITPPUTM NPOCT U UHTYUTUBHO NOHATEH,

€C/IN eCTb BO3MOXHOCTb UCMO/Ib30BaHMA ABYX KaTyLIEK, TO
OYeBUAHO, YTO NapaNae/IbHOCTU CYMMAPHOro (BEKTOPHaA cymma)
MArHUTHOrO MOMEHTA MAarHUTHOMY NOJIH0 3€MJIU MOXKHO
n3bexkaTb,

YyMmeHblaAa NpoaoNKUTENbHOCTb TOKA, MOXHO NMOYTHU
HeoOrpdHM4EeHHO ymeHblaTb BE/IMMUHY MAlrHUTHOINO MOMEHTAd
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