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6. Variable Speed Control Moment Gyro
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9. Hand Shaking
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7. Control Area Network
8. Momenum Wheel
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10. Chien-Hrones-Roswick


www.SID.ir

£ / tbad 5yl g psle odmgly — el dolilad
WA ol /Y 8l /Y s

05 Fomels 4 ol Jlol g 005 (gyglaer Mol 8,35 ¥
9 0y Lalpd oMoy oMo 0xijlayy soly sl pslated,
S pY C83 g Lo g (i £ g ulpd 4 Cul oY ol
Sdnd linl g 0ihy (gylidlesus bl g5 g e bl
)| le};.a?m PCM-8152 b.ﬁ)'l.))i Y )914':.1.4 L)"‘ dl).g .J)f g
YA (YY JS) conl osis olesl AAEON Sy

o)lgale jldrd yguals noas —TY JSuS

9 swoj YomelS o byl 51 o clilizel Bls jglaie 4
OleMbl Jols &5 b oy a8 )8 S5 51 lwsdand 5900l
Cawl 05 odlawl |) bewliam‘

09 oo U piampm
43l 05 b (S oled Bl e olsale jludnd aSTosl )
loe 5l ysman oo B &ui5 lie 5l Gl oo el bl
2 IS dlal 5 (S S eolitl wliess (S & is gy
Jbdl (65508 (lad oS Conl Sliaad jl oot jludus colu
B sl b Elgl e y> ALBL aLly 55 (g 68 (g g A8
W35 peS Uis 9 poe Jd (g~ et sl il WY el
St > (oS lipl g5 el g ozl (el (orolio
&3P 9 s YY) sonny b sla Job 51 jelaie oyl (gl diun
odlitul s Calisce (claasly slol (gly (celo ol oo V5=
S Pl (o g p)5 00 D93> )3 (g Sy e & D90
Iy yio sl £I5 3905 1> (g)kad ¢ yio Sl £IF gl 4 ailgil
wbadgioe (o - pitd (glas il sLle peyd Y] Wyl
Caley 2l &S 3) 3529 s 5l 98 cnl (lraule 5 5)L5 390
S5 ggeome S Pl ol et pué b euitane JLail L 395
Jlail L35 pusine JUasl 5l jolaie g o angs p3¥ (S xS
WJoe S Gkl el o g ol Sliaas b 65 paitns
T 9 29550 Jhe S5 )y Sy o S plyte 4 405
(D) st )3 258 o0 3ylg Sliasd 4 Jdeo 40 ol s 5L,

w3 Sl 0)lsalog S sl Cumdg S8 jlodnd Sy g cile (Sb

el 05 48,5 5las )3 b ygige ]y jglateds PI

_ 1 5
H(s)—Kp(1+ZS) )

2 &lposds (hb PI gl ) ius wed o duwlee (Sl
HlaSke iy 4 Jhow g pitege
0.336

s
0.015

H,(s)=0.68(1+

)  momentum wheel (\()

H,(s)=143(1+

) gimbal
s

Oygots il 0as b gl IS ssluoly pslate 4
g g 0313 )15 dbgypelsla ) iS5 See w)sSl )3 S

Er 0P (o s s905 (V) 9 (V) sla S5

Sl Jlowz Cuxdge g (4 52 )93 B @20 Sy piinge

ol 00

Wheel speed (RPM)

. . . . .
0 20 40 60 80 100 120
Time (sec)

piioge £ s9ise (29 oy J S Jlages Ve S

Angle of gimbal (deg)

I I I I
0 20 40 60 80 100 120
Time (sec)

Jbos Cosbse 8 osai =V SIS0

e st Bl g jlwded gmels
O bawly 5995 0 cuai 0)lgple jludud dxbio (55 1 0kijhy S5l
5 sl Sl o allsg g Cusl SS90 sluotend 5 ino pals
205 Pomels S (S el p 8l
ol o lsalo jlodss (slial b bls,l Y
Jlely 5 s gl 32y 5l o ygige sl g 95 S A=Y
9 22555) Bk 1 ygige )b joluiS g ey (iomis Y-V
bgrpe (il
Aol sblyy cdlyd g jloand Cansy s L bl Y=Y

8 sbly; 255 9


www.SID.ir

L:JJ‘Q? d.)lh.)rugﬁ)um) d,\e(am.\:‘u‘)q‘lf S| ‘d)\ltﬂ Lo).l:

DC-DC Juwo
NXP 8y célo PSO &5 Jie o 5§ ojlsple jlodud 1
5y adaw ¢ Jawe ol [YO] Cawl 0uds s3lawl Semiconductors
b 5Wy w93 4 a3l g ¥o B F oy Wl oo &) (93959
Sl NS ot el ¥ 55151 b g VY g peel V- 851 b s
Coppods g Sigdgw S5 (plul p 5o Jue il )3

9 CaVl jle PS5O (0¥ oSy CudS S o )5 b

2l (YF) U 50l do 3 8 (oYL 35 o 4 bgaye )
Gl 045 &1y P50 pudiiane &y paiivns 5g 4385 S 3|

Pl 93 (59, 2 0 e (5 )l3300 0

(csi03) Shapgisile Somals 3 (ol Jljale 3 9 5l dsgaca el )
ol 0)lgale jloard JyuS g Copde gl jlodnd Joneld s
3 el S ygiile Sguels 5> ookl 390 lj8le 5 cunl 003
ssben g ol g g S gp melyd Syl g jlodnd ol
Dygl oo walyd |y o (g yolaen (slmodld 3,53 g oaalie ISl
Jlosl (el j jlodend Somels 53 o3kl 3,90 51381 138l 5
5150 SISy 855 g €935 c0latrlo jludunss palais <l ygiwd
1) o jsely 51 03l (s pglaen g S8 JWSw duuslono ygboiyrad
D] )5l 00 o2l 3

S S5l 9 loyd Sl ualils 15500 55
5,leab

sl s ol 015 b Siygisle Fonsels 5 4 (yl38lp 5
2 ol b, s 53 &S ol LabView yljila 5 51 S.dl,8
5 33le 5 ol (a8 4 plS e ol 4 ool ket |
9 Jodnd JomelS 93 (g pewe LI byl Go)b
5 Capto |y jlodnd IS olas auld wlgie Siygiile
&S oanlie

(sthad ()l g psle iyl — pole dolilab / ;Y
WAY b/ ¥ 8)les [V als

s g &) Jlodend (S Sl e sla i 4455 Byoo
sl 0 &) g5 mels

o)lsnle jludd 5 calises clayisu 4345 3o —0 Jgua

ol .

. . . &5 ’ I
oS &y p Wy | JLasil g8
Suly | wiw 28 ) g

Sl - =
dcgeo §d
oy |
celo¥ | s | T oy | vvh <
poiags £ Jobw b
S
s @l
ke
i’)b J PREN[ee
Lo g s
celw d w9 Jisg Can
s dyyosls ' et
P50 | UL s | Sl
9l oo
B
\ 35 4l o
p 4 foimo Gigosy
Jys
'b‘“"9 Lgl.?a: »9 U‘M

oS ¢ DC-DC e 3 USB-CAN e Jolis &ljuposs o

Dgd o 03> b sl jd

USB-CAN Juawe

Jwe 5l sl CAN o5 )3 135 345 PCM8152 5 55k oSl
ol o odlaiw] jslato -yl sl PEAK ¢S i 5l USB-CAN
Lg adh o calle V Coyu U cwl B Juo ol [¥Y]
&S bl ool Joly CAN oS S§ 5o Joliio (slalaslinl
VY Jss)

l\.h‘-"‘ ﬁ% -
-

PEAK 5,5 jl USB-CAN s jl o ~YY JS


www.SID.ir

sy / 2la (558 5 pole (oimgy — ole Aol
WAY b /Y 6l / V ol

9 SGEMG Jloz slaygls poioge sl (58,5 )55 L
S g > dyglj pgitege (slals 53,5 poas o B dyl;
(YO JSS) ol jlvannd

—C0s 0,
+h, | —cos fsin &,

—cos fsin d,
Mg = hy €08 9,
sin fsin o,

cos fsin J,

sin fsin o,
cos 0,
+h, | cos fsin o,
sin fsin 0,

+h,| —coso,

sin fsin o,

N:, L S

TN L Ny

‘ : (=7
&
z
=
& |

(C,w:] o 03l uiulm

D9 o0 Ao pj Sygo ah Jloj siie

by =J(0)0, J = P [%] (%)
00 00,
J(6)= o =
o6
—cos Bcosd, sind, < cosfBcosd,  —sind, (\())
—sing, —cos fcoso,  sind, cos f¢cos o,
sin fcosd,  sinfcosd, sinfcosd; sinfcosd,

@l w)lple jloand (o3)Sdes Cud jolateds (50 ol
Cunog gl ygile plsl jslateds 0ad b (gla )5S (g jlwedly
slas el w8l b Sl Giloand @S olend;
J 98 o0 (gilwosly jludend Fanels )3 g ans CHH L J 8
2 Pl g e eVl b sl p5Y agysesl pll
P9 Oypods wham (002 (YL 09 dbm] e
Gl 3 45 SasS cladjs 5l oslitul | jludrd docio
Jdo a8 ol osd e plonl Conl ond anad lwdd

3t Sl o fgplas, S sl oy S ke Sy g €8l el

2 ol glaer 9 JES omelyd Jlos! yli8le

5, gl jlusdud
Sloasnd igaols 53 0305 S pslaen 5 JiS celyp Jlas! J58lp
15 4235 5N B b g S5 Jolo s 05 ol
ol K8 4l O o &by Sy il ol
3y b)) bl Gl 5l (coddais g (J S el 158l 5
Silplcow clinl acgomme 4 g odd cdlyy p)l8 Gk
Syl plecis laodly degome (o g o Jloe! jludnd
b Sos & barpe (oo (535135 ez 9 Cundy mess S
Jboyl S y95le j138le 5 a4 byl S g 325k 5l g 8Ly

D9
jlwdad Sy

pyiage Egene Cygad ylanle jludud JS (slagly potiege
@ bySles clagly potiage 9 ojlgple jluand (Sa dlagl;
Dgd e Ol ) g0

Hs'= Lyige  + hemg )

R Olate ) (oS 2 &S j dlae yd daly cpl 6K L
eyl @Y¥oles (gilwodls o

H +oxH, =T ()

ext

(A) 5 (A) kulgy Sy T b b Sloe I3 0> jokeisS ol oyl b

:M)I‘)
Lo =T -0, -1 )+T,

[)’d)y = 7;’ _a)za)x(lx _Iz)+];2 (\ ‘)
[zd)z :T; _a),vwx(l)’ _Ix)+7—;3

g & Jlar S5 ploe S8 9005 sloKlos L oad ] 8
Db o 2

o e = o)
—h,,, —oxh,, =T

B=0¥IVY &gli L o Slas 51 oy oo ot

b JolS 0 j2m0 d S 5 Wlodd ol jludped dorbo 4y G

Sig 3] cneS Ly boygone den 5yl Lo pyziage culll

Gogly 31 o (M) Slas 2 &gl potioge Jlay sl oo pnly3
sl (8) &l Jhos

i

h; = h(5;) (\Y)


www.SID.ir

JJJ.Q? dalm;,»,dum d,\e(am,\fu‘){lf S| u)\ﬂéi La)‘l.c

Jol cos bylps =Y Jgan

é:‘ni RPY

(42,3) (42,3) (42,3)

RPY

des ini

byl

[’5’5’6’] [’c'i’] [’/\ "/; ‘aF/a] )‘.LM

S 59y p les loodly g laggjluans mls

8- Rl b
Irf'\
0.4 / |
02+ -
0 S . / ]
i
2 02 B
&
0.4 A
a8 4
08 -
al i
= | | | | | | | |
“o 5 10 L] 20 F-3 0 E 40 45
time (sec)
Jol taleil ) (655 9 as 15, sgle ylages —VF IS
2 T T
Fitch-Expeimentl
Pitch-Simulation
15 \
Y _
@ 05| \-\ -
3 \
£ of 2
asf /'\ Jf\ﬁ/ .
al |
A3 ; W’ m™ ®  ® ® @
time {==c}
Jol wtalesl 3 (98 5 (des 1 ygile jhges —TY JSW0
Y T T T T T
——— Yaw-Experiments]
A,
£
49 -
T X o
§
= xgf 4
10} -
o B 4
10 1 I | 1 1 | L |
[+] & 10 15 25 a5 40 45

fime {sac)

Jsl stlefl 53 (6395 9 hos 29k ygilo Jlages ~TA S0

(sthad ()l g psle iyl — pole dolilab / s¥
WAY b/ ¥ 8)les [V als

e (159 51 (A6 (31,5 (Ll (glayglisS (13,8 Jala
Dol 25 0 psl (Y 9 X slalinly j3) jlwdnd dxan (o
pr2 35 o 9035 Lad 3 o)lgale Bules Cumdy )by J3 (5
onz dbel el ol s e p aate elS e
b Lol conl el (o) 5y 20 Jo ©pods (lal s
ol sl mald 1) ol 4 Soap cumsy g e 5 cB
AU islyS (il slayglias ;3,8 Jls Jubs @ 55 )8
b sy 3550 JolS ollad 298 Jdsey e (139
SaS g jlodend dxio p dgae slinly jd o] Lisy> 355
) G Oypods jlodd JShe pd 0dd 4 SosS &y
o o)l jluand gla el 13,5 o plonil (2 bl
Lol odds &)l () Jodo )0 aoMs
295 b 93555k gl sLlg; (VA B (V7) sla JSii 5o
Sloas SLI b g mm wy) sbwly aw (029 g
Vel ol g @ «Jassbly) gd oo oanline a5 )5k lon
i & loand g ooy Gl |y asllas )by o Lol
55 0SBl ST S Lyl ]y oy ygile sl diailys
b ot Mol 5 358 0 oanlie Los 5 6595 s
Omd R (Sealyd €85 5l yieS) 3580 0apali )00
(V& olpiee so8de AT 3529 L5 5l (ol Conidy
25bsS (7 lsp (BLL Shol (Y cwd daee bulys
Jloasl 5, Sos (15,3 (B Cumsdy s S €55 (F oil,S
Sl pas (5 oS g ploe S8 5905 b Kles
0Ll ot 3B (V5 s BLEZED 5 (6395 (sloju5)

2,5

ojlalo jluacd IS sl el b =7 Jga

BUEIEN) Folyly

[¥/\ ¥\ /A] (kgm?) jlodss wyol olos

OF/VY (deg) (B) Klos cuns &l;

Y 292> (kg) sloans 013

[FA- Frotro ] [ @ Js)] 8y 39

Jo! pluboj
ol 5B 5 Jbsl sbls; bl » PID Jys gilofl onl 5
SV et 5o s bl [YY] 2,5 o 4148 oolasiwl 350 SR

] 005


www.SID.ir

0 / tbad 5yl g psle odmgly — el dolilad
VAT Gl /¥ 5 )led /Y s

60

Angle (Deg)

Time (Sec)

P Lialosl )3 (595 5 os 1sl ysile Jlages —FY JSO

9 &9 o g3 53 gl sblgs (M) b (V) sla s
Syoblen load Bl ol g g gy Sliwly 4w (220
hoe bl 51 ol 9l g g (Jgy sblys 9o oaalie
sole Cusl duilys (00 4 jlwdnd g o3y (L |y (pgllas )3,
39290 (275 9 698 @ O 38 29> Bilad WS |2l oy
Jd Sislejl 13 j58he ol cpw 3ol O3] 3gng LY ]
Gl 0 S5 JolS" ol &y

S 5 420
Sl sloolople Slodus cils 5 b 155 @la gl
sobteds Jhor S (los J)mS ol slaySlas olul
St ys lgl s g (oo lizsl (3jgal cdnwgi g Sk
oizme 3 oylgale jludud opl cwllond Gl Coxsy S
04 Al 9 L;’])J" Ol)&‘""’ 9 o.\.Z)KS h,.uy Lé:.é]ya gmmla
Oygo =oite scgld wala g (2Ll L) Jsb 5> ol
Szl (V& olps bl puists abex 5l & cul 4B s
Jhor S5 plae 558 5l gloyNlos cons g colo o )b
L) Sl (¥ (65,5 ws atlod Bl s g il e sl b (¥
Foels 5 S5 Jolo s L jlodind SoelS’ G o
Pl g 50T cimal d Jluoyl joliaio 4 9aing Jolo piummn b (iaoj
gl (il 5 (ALb (¥ zuli 5,83 5 odmliie «cdly;d ¢ el )
o2 (0 olgnle jluand g5y » Wl iloesly 5 s
s 5l 5 Candy Guend s Sl wiilo 0 plosl glacllad
&5 Jge 5 cale Gl ALk dagriajls bl
3230 5 wnd LYl 5l s colpd 5 )8 6Ll . g degemme
SIS (2 Pl 4 S5 lailyd (355 oal)S 5 asgerme
9 S @l g oad ilwosly jludnd g9y p ol (b
Lm)l.)}oi Dgud oo djl)‘ 4]o9g)n S C)L) bl)o.{b L L@e] )‘ 390

et Sl o fgplas, S sl oy S ot Sy g €8l oo

Py Aok g an Js) vy 4w 3 )l plxl <o

& ol aS) (gilwand zols ;5 ditus 4> )> </A 9o /5 N Dy

2 Gl &8 39y0 il & $eSlen (Canl (25 O

g 4 Job5 &) (os s )3 Ll o)l 392 g e <) sblss

39290 555 do Sllugs (Canl jluly oo Sl b (15 4 S

Frapr B r onsdes dolhspy Cllug ol cls .l
WSS e 2l 003510,55L HaliiS S A Canl is s

P93 ialejl
25 oalisal 3)90 (195158 Soad 9 PID s’ ytalejl ol 3
ol 04 &1yl (A) Jodo 50 Caws byl [¥Y] 5,5 o

§ini RPYdes RPYini
O ) | (ep) | ()
| Y | [ ] | [reoe] | [YE Y YR

a9y 2 e ilwodly g sl s
sl 013 1) (¥3) b (YR) cela IS )5 o,lgnle

e 5 10 i5 2 2 % 3 40
t(s)
p9> inlefl 3 (6395 5 Slos 1 g gile Jloges —YA S0
Pitch
5 :
— .
------ Exp.
,,,,,,,, e e e
S oS - — N N ______|
=
3 \ R R PPN -
=) e _—
3 B St it e |
2 . . . . . .
0 5 10 15 20 25 30 35 40

p9d Lialojl )3 (5095 9 (dos g Hile Jlages —V'o JSW


www.SID.ir

JJJ.Q? dalm;,»,dum JAVM.\:‘J‘)Q(K S| ‘d)\ﬂﬂ Lo)‘l.c

Aerospace University Complex, University of
Technology Malek Ashtar 1389 (In Persian).
[13]Kalhor, A. and Cheheltani, S. H., Designing and

Integration of Electronics and Computer Parts of

Satellite Simulator with Single Gimbal Control
Moment Gyros, Technical Report, Aerospace
University Complex, University of Technology
Malek Ashtar, 1390 (In Persian).

[14]Saeedimanesh, M. Software Simulation and
Analysis of the Air Bearing Used in The Satellite
Simulator,  Technical =~ Report,  Aerospace
University Complex, University of Technology
Malek Ashtar, 1390 (In Persian).

[15] Available, [on line]: http://www.Microstrain.com,
Access Date: 2009.

[16]Aghalari, A., Kalhor, A., Dehghan, S. M. M. and
Abedian, A. "Designing, Testing and Evaluation of
A Single Gimbal Control Moment Gyro for
Microsatellite," Journal of Space Science and
Technology, Vol. 2, No. 3, pp. 13-24, 1388 (In
Persian).

[17] Aghalari, A. and Abedian, A., Designing and
Fabrication of Reaction Wheel Disturbances
Measuring Setup, Technical Report, Aerospace
University Complex, University of Technology
Malleke Ashtar, 1387 (In Persian).

[18] Available, [on line]: www.ati-ia.com, Access Date:
2006.

[19] Aghalari, A. Fabrication, Functional < and
Vibration Tests of Single Gimbal Control Moment
Gyro, Technical Report, Aerospace University
Complex, University of Technology Maleke
Ashtar, 1391 (In Persian).

[20] Aghalari, A., Iranzad, M. and Mahdiabadi, M.,
"Measuring and Simulation of a Prototype Reaction
Wheel Disturbances," 18" International Conference
of Mechanical Engineering, Sharif University of
Technology, Tehran, Tran, 1389 (In Persian).

[21]Available, [on line]: www.maxonmotors.com,
Access Date: 2009.

[22] Available, [on line]: www.inducoder.com, Access
Date: 2009.

[23] Available, [on line]: www.avagotech.com, Access
Date: 2009.

[24] Available, [on line]: www.microchip.com, Access
Date: 2009.

[25] http://www.nxp.com, Access Date: 2009.

[26] Available, [on line]: www.toshiba.com, Access
Date: 2009.

[27IMIT CIPD. "Understanding D. C. Motor
Characteristics," Designing with D. C. Motors
MIT, Mechanical Engineering, CIPD, 2009.

[28] Chien, K. L., Hrones, J. A. and Reswick, J. B. on
the Automatic Control of Generalized Passive
Systems, Transactions of the American Society of
Mechanical Engineers., Bd. 74, Cambridge
(Mass.), USA, 1952, pp. 175-185

(sthad ()l g psle iyl — pole dolilab / ;;
WAY b/ ¥ 8)les [V als

oded cuslio 3 )Slas g (225 9 (5595 @S gt Bl Sy
el Kl 5 lgnlo

&l

[1] Schwartz, J. L., Peck, M. A. and Hall, C. D.
"Historical Survey of Air-Bearing Spacecraft
Simulators," Journal of Guidance, Control and
Dynamics, Vol. 26, No. 4, 2003, pp. 513-522.

[2] Available, [on line]: http:\\ascl.kaist.ac.kr, Access
Date: 2009.

[3] Omagari, K., Usuda, T. and Matunaga, S.
"Research of Control Momentum Gyros for Micro-
Satellites and 3-DOF Attitude Dynamics Simulator
Experiments," Proceeding of The 8" International
Symposium on Artifical Intelligence, Robotics and
Automationin Space-iSAIRAS, Munich, Germany,
September 2005.

[4] Available, [on line]: http:\\www.ee.surrey.ac.uk/
SSC/research/controlsystems, Access Date: 2009.

[51Hall, J.S., Design and Integration of a Three
Degrees- of- Freedom Robotics Vehicle with Control
Moment Gyro for the Autonomous Multi-Agent
Physically Interacting Spacecraft (AMPHIS) Testbed,
(M. Sc. Thesis), Naval Postgraduate School,
Monterey, California, 2006.

[6] Lappas, V. J., Steyn, W. H. and Underwood, C. L.,
"Attitude Control for Small Satellites Using Control
Moment Gyros," Acta Astronautica, Vol. 51, No. 1-
9,2002, pp. 101-111.

[7] Available, [on line]:  http:\\Staff.ee.sun.ac.za/
whsteyn/ papers/usu2002_CMG.pdf, Access Date:
20009.

[8] Lappas, V. J. and et. al., "Design, Analysis and In-
orbit Performance of the BILSAT-1 Microsatellite
Twin Control Moment Gyroscope Experimental
Cluster," 55" International Astronautical Congress,
Vancouver, Canada, 2004.

[9] Kim, J. J., Sands, T. and Agrawal, B. N.
"Acquisition, Tracking and Pointing Technology
Development for Bifocal Relay Mirror
Spacecraft," Proceeding of SPIE, Vol. 6569, 2007.

[10]Schwartz,J. L., The Distributed Spacecraft
Attitude Control System Simulator: from Design
Concept to Decentralized Control, (PhD Thesis),
Virginia  Polytechnic  Institute and  State

University, Aerospace Engineering, 2004.

[11]Aghalari, A. Study on Satellite Simulators,
Designing and Fabrication of a Single Gimbal

Control Moment Gyro for Simulator, Technical

Report,  Aerospace  University = Complex,
University of Technology Malek Ashtar 1389 (In
Persian).

[12] Aghalari, A. and Abedian, A. Designing and
Integration of a Satellite Simulator with Single
Gimbal Control Moment Gyros, Technical Report,


www.SID.ir

=1, / tbad 5yl g psle odmgly — el dolilad

WAY 5ol /¥ jlas /Y s ey Sl 0lgnlog Sim (6l Sy J S ldand Ky Cud g il (2l
Satellite Simulator with Slngle Gimbal Control [29] Available’ [On line]: WWW.aaeon.com, Access
Moment Gyros, Technical Report, Aerospace Date: 2009.

University Complex, University of Technology [30] Available, [on line]: http://liionbms.com/php/ pouch
Malek Ashtar,1389 (In Persian). tips.php#Side_clamping, Access Date: 2009.

[33] Aghalari, A. and Faghihinia, A., "PD and Feedback [31] Available, [on line]: www.peak-system.com, Access
Quaternion Control Strategy for Attitude Control of a Date: 2009.
Satellite Equipped with Four Single Gimbal Control [32]Kalhor, A., Aghalari, A., Faghihinia, A. and
Moment Gyros," 10" International Conference of Yaghubi, R., Study of Singularity, Modeling,
Aerospace  Engineering, University of Tarbiat- Designing and Simulation of Controllers for

Modarres, Tehran, Iran, 1389 (In Persian).


www.SID.ir

