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Rapid Initial Detumbling Strategy for Micro/Nanosatellite
with Pitch Bias Momentum System
Byung-Hoon Lee*, Jung-Won Choi*, Mi-Yeon Yun* and Young-Keun Chang**

ABSTRACT

When a satellite separates from the launch vehicle, an initial high angular rate or a
tip-off rate is generated. B-dot logic is generally used for controlling the initial tip-off
rate. However, it has the disadvantage of taking a relatively long time to control the
initial tip-off rate. To solve this problem, this paper suggests a new detumbling control
method to be able to adapt to micro/nanosatellite with the pitch bias momentum system.
Proposed detumbling method was able to control the angular rate within 20 minutes
which is significantly reduced compared to conventional methods. Since the previous
wheel start-up method cannot be used if the detumbling controller proposed by this
paper is used, a method is also proposed for bringing up the momentum wheel speed to
nominal rpm while maintaining stability in this paper. The performance of the method is
compared and verified through simulation. The overall result shows much faster control
time compared to the conventional methods, and achievement of the nominal wheel
speed and 3-axes stabilization while maintaining stability.
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(c) Power Consumption

a8 2 AMojol5 ol WE U%KE Y HHLD

-1
t=
0.18
0.16P%
SL RS A SGlid WS04 0,1 0] radisec
\e Dashed : w=[01 01 0.1]radisec
0.4 2 B iSoiid Tw=[009]009 aosimmec
\ Dashed :w=[-0.09 003 -0.09] rac
0425 C iSolid w=[008]008 ooalmy
~ Dashed : w=[0.08; 008 -0.08] radise
0.1 =

D (Solid :w=[007:007 007]radisec
Dashed : w=[-007 007 -007] radise;

N

(] 10 20 30 40 50 60 70 80 90 100
Time (min)

a8 3. =7 ZA&£E #Hsto wE B-dot
Hoi7l ds

o %JZH Aolo]5& A3t WA B =
Tl A= B-dot Ao]7]el AMEE AoJo]5&
K=5x10°2 ZAA34c)
AQHE AJol5 K& o]
B-dot Al°oj7]e] AT
o] $14e] EE o
e A9 A+ 4 % 90
o

7}
Z3AT %A
Asle 27 7+
ad/sxh:o]l:}
et 7] AEEE 72+ 5 © £01 rad/s oAF
B +0.07 rad/s7tA] WHIAIA 71 AlEHo)AS
3T a8 30 AlEY oA 23S Yeh)
Aot 28 304 BEo]l 7] Z&xd wE A
ofAIZEe] A Apol7l UAIRE YA Hez o
708 Ax7F AUH ZdExryE 23X 0.003
rad/s °|3t2 FAsEHE AE & F AUtk

MZe clgse &Moot

%A AF3 B-dot AMoj7]e] AHo= BT}
I AVNEAY e Em FFEOE QI A&
Aol Azte]l HlwA 71 @] itk w7
zo AVNEANS AH§E B-dot Aol7le] B
°l 71 ggEg A7HS Fo]7] YA B =74
Me A7NEAS} Ea §3o] FHos &
Ay 8 FAd AlgEE ggEsy e
AT ALE WA B B, 25 (roll, yaw
axes)?] 27| ZA&EEE ¥ A5 (pitch ax1s)-4 A7
EATS Apgate] Aojty, HAZ9 x7] 7
£t 22Uy 28 AEEAM Aot dyE
g Aol A Zulyg Ho] Aojr|z It 74
= Ao7|Yg PD A& AT 4 o 9
A3 Ao EL 9 AEE JRE 978
A7l wWZe AFAIE SAHAATE AMESte
B-dot Ao} 7]s}= % 2t
ARG Aol 2o} 2
o melq B =R AE o
7] )& A B-dot Alo]7]<]
2 A7ls o 2ol

B-dot A|o}71& Ab&3le A% X
o WAEE EZ T, E A6)F 2ol

Of

[l
Ir

e 82
u:p it

o

A
z
X
=
0.1
+0

2 (g

rl

rlo
l'F% R
o 2

T, = Mx B=—KBx B ©)

W o] F X% AojEAES wuy &
o] WA Ak 7)ol Bx B wWE e F WA 3}
o 3w, male ®e AER T,= A(7)H
2

T,=T,=K: (3331_ 3133) 7)

m2



534 48 55 B 2006. 5 3% nlololx m

:ﬁ
L
[o5
Ny
o

AM3RE 248 S1e) 2] AREIS ikl i 69

71N B, B, B]/ BJ'E g 8 F9 A
71 &3 2 mE #E gueth AT 2
g 2ol Aojrg A 7)S AbgEE A7z}
o] Wghso wet AojE=ae] AV7F AAH
wetA AFA)ge wEs we- & A,
A9 27175t Rt R wE
mely Fo| AEAV §F IAS de
el Sol7t Aojrt BrlssiAe ©ol
o 3 Hkige) e URE Fe AojEaE
S7ge R AA "o Aol wEkEA X3 A
oj7} BrbsetAl @tk ol dHS Besia
AA A7 AL Al "ol FF st AT

1
ol 2 2

o,
mm%wﬂ

E3E AL & AES AoVE T 4@
3 gol $RARCH, B =rdHE Zad 9
SR AovIE PR
Zu :KA; . Sgn(BSBli BlB3)
: >
sn)={1114 2] ®

0171/‘1 K,= 295 49 Aojo]5(gain) o
muE & feEdy Aojrle Fn

B-dot Ao]7]$} wiR A=
A7 Foles WFOE A4S R
A9 d&E= A7t The

o Mo

r2

:I
@iwf'lﬂﬂ, =
& & AUt
Aetd 2y d geEy AorE AHEsk=
B A7) EAY 8L NEWAAY 3F A7)
EAE AE3A &3 mdE & Ao]EF99)
He 957 gElM 9xZ9 A7 EATES AL
43t o] A% AV A=A ZHEE A9)AHH
Y25 BFowv Y

7:}.0

M= [0~ KB,0] " 9)

714 Aojol 5 Ke shte] AV EALL AL
&7) wwel kel 3% AV|EAE AMESHE B-dot
Aol71e) AR F o & Aojol5 Fo] L&
stk webd HH Aolol5e Falr] A @
o] AEHolAY FYF FHL S A
2 K=3x10"0 #H gd& < 5 Qlk

4 Oy lelre HHsd

A=l
=
& 271 a4 2 K,,,oﬂ G 21

016
= N Ak =110
014 %'/. B:K,=1"10°
W c: K_fz‘w‘z
RN D:K, =310
012 LR ETK =510
= N F: Kw-7'105
2 01 RN GEKE10
na 1 A\
o i
006 BN -
st A
F A\\E D c B
0.02 N
b\
3 O S O
0 10 20 30 40 50 60 70
Time (min)
(a) Angular Rate
D — ——
L E - .
500 <
= B
a
[3
3 ohwo e T T
é V\'\M ALK 110" E1K =610
“\ B:K =110%] F:K,=710°
£ C:K,=210% G:K,=1M0
£ -500 57K, =310°
£ \
A
2 AN oA
° 0 10 20 30 40 50 60 70
Time (min)
(b) Momentum Wheel RPM
3
o
D
4001 g3
- €
= e :
2 3000
I
£ s 2
g P .
S 2000 »
= e i
E
s
-4
0"
0 10 20 30 40 50 60 70
Time (min)

(c) Power Consumption

a8 4. HOOIS Kol mE ZEE % ML
ye

ta

. ad 4(a)oﬂH Hxo] H]E’_Zﬂ] 2 A
K,=1x10"*Xe 949 Z%5=71 20
°ﬂ st "k sHAT Y 4(b)olld B
Aol zget= AT A7)de] wWstel 4
HES-ste] AA Hgshr]ol F2rt
K,=1x10"°9] wj¢ 22 Aojo]=
Eoe dAHoR Wl AEEe

ZA B2 K, =1x10 "2 2



70 oHE - A4 - HUd - FYE AR T
SERgtel gLy AoARE aAFPE W A Bl shAT AlztelM ERlY de &£x}
ojAlzte] of 60% ©]3tE F& UHEY ARE B A rpm A FUbEHA B & & ok
AFI Stk EF mulY do] £ wisel 0y
40 HHREES ustq  AojolSs K, E V. 2oy & X737

oS

)9 29 24 A4 g A

rad/s Oﬂf\ieri +0.07 rad/s 77}7\] Hﬂﬂ'/‘]ﬁ 7]“1]
AEGolAS 3T a8 50 AlE# o)A
ARE e AT 19 5004 BEXo] oF 20%

ojgtoll A e

2s x

7 24 w7}

Fg3 HE A

& 5 ok o 1Y 39 AINEATE AHET
B-dot Aol718] A%} MamslA oF 502 o]

hwil

Momentum Wheel RPM

= R=R ] ] 01__‘g o} Z= 011;]_ LS
q txq = %] 7]'0 = = AT _J_ﬂ' }‘]
0.18
\A
0.16 B\
"\ A Soli w=[0% 0.1 0.1 radisec
0.14lc % Dashed : w=[0.1 0.1 0.1] radlisec
4 B Solid :w=[009 003 009]radisec
0120 Dashed : w=[009 009 -009]radisec
\ Y C Solid :w=[0D8 008 008]radisec
01} X A Dashed : w=[008 008 _008] radisec
) \
L ” \ D Solid :w=[007 007 007]radisec
0.08 . s \ Dashed.: w=[-007..-0.07... 0,07} rad
\ \\ X
0.06 :
\ \
0.04 : ‘\\
A\
0.02 X
\\
AN \&
0 L
] 5 10 15 20 25 30 35 40
Time (min)
(a) Angular Rate
1200
= —————
000 s
800 c
P e e L
= el A A Solid :w=[01 01 n.nnarse
a , red =011
= Solid _:w=[009 009 009]radisec |
Dashed :w=[0.09 009 -0.09] radisec
ok 5 lid.__w=[ 0.08._0.08.0.08] rad
o Dashed w=[008 0.08 -0.08] radisec
200 Solid w=1007 'Y raals
Dashed :w=[0.07 007 -0.07]radisec
00
B

10

15 20 25 30 3
Time (min)

(b) Momentum Wheel RPM

a8 5. I Z&{x #Hsto ufE =AY E
CIEE

2 HMolzlel s

5 40

=g Hol AAZE AN EHer ¥
714 Z74E A9 A4 AAs) B
2 ot wepx 2dd 89 2U|FEe &
Aoz oo slH, o]E YA 2T
of g 2uly & x7|FF gt dig A7
geFstA F8 HJAT5-10]. 7S FH -
27175 get A7 A 2 54 mad
Z27] T7E53t7] Aol $1449 9A A <A E
aFehe Aolth SR B wmeld AL

nrl% e i ox o 021, b

O

.

OREy AolrlE A A9 71z 94 8
oFA 3l Wale ALt & 7|7 E WS ALE
& 5 Ak wEpd B =RdME wdy 48
2R EEAA Aoz Y F Qe W
b& Algtstal, 1 Adse AEHNAE T3l 7
& A9 vw et /e dubA ¥
27175 e g 2o 4vdd AN &
BHh

Step 1 : B-dot A|o}71& ©]-&& HHETD Al

=R
Step 2 : 499 &2 HX IH A
(Y-Thomson Spin)
Step 3 : YA HEEE Ay & £x F7}
(R W)
Step 4 : 3% AAMIAA st

o N B
KT ol b K>

=)
o
(e}
@
=
Q
a.
~
wn
&
Ol
ol
Hﬂ
e
o
Olr
ol
%:R
l o
2 B od

v
N o

]oi Haﬁ B-dot Xi017 & A3t
7b AR HeE dAstEd 9% 34 "J@i}
AR golzitt 9x 34 kgsE s 4 (10
I 22 25 AVIEA A7IE AHESAHI].

M, = K(w, —wy,)sgn(By) (10

o714 K& Alolo]|5olH, AlE# ol A&
2 K=3x10"0th w,= A% FHEA O
A Fo AEZoH wy,e AojE BEAE

A4 AEEolth AlEH oo AEH
wy T TAEFEANAY wdy o ZALFH
0.09 NmsE &3} 031 rad/sZ AG3AT
o] TANA 8L FXF2ZE 031 rad/sE FA
&7 =v, Yym A =2 0.005 rad/s °©]3tE A

~



% 34 & % 5 5K 2006. 5 ] njolol mallR] WAS AR8She 24 Y] 7] S WS B 71
s |k Aol WX A ks @A ol 1Y 6L olel@ B AEdoH dnE B

7l Eeo] ZulygS /)T Z(open-loop) Ao =

001 Nms¥ dAsA 7 A shx=o =
Zol mwlEgo] 0.09 Nms, ol &3 2500

rpmol =EEE 949 3% A YT FYE
Fsl "o 3% AA FRE A3l A

As 4 9F 2L AAF AVEA AUE
AHgstglon, mald & Aojrle 4 (1) 2
< PD Alo)71E A3 TH1,2].
T, =K, 0K, -0 (11)
714 K, K= PD #0}17]9] Aojo]5oln
Al ol Aol *}%% e K, =9.1708>< 10",
K,,=2202x10 %otk =3 0, § HxZ9
AHA &} AA| HEES r| g
BZE B [ rou]
2u: J lﬂNL/
% nm/\; 5 m““ [—— Piteh
N M e vaw
oMU == S
“o 50 100 150 Tlmz(l:mn) 0 300 350 400
(a) Attitude
0.2 " : ' [E
e P O S S N =
% —0'5£ 5‘0 ‘:l;;[;‘ 150 ZI;]D zéu Z‘HEID 35;0 AILD
E.‘ 0.2 N T i
g .07\” !
[ T
Time (min)

(b) Angular Rate and Wheel RPM

i \__1
o
E
2
> o 50 100 150 200 250 300 350 400
=
s 2
E
5 N
o o~ N = S
2 gy
2
8.2
2 0 50 100 150 200 250 300 350 400
g 4 M3
5 —
g wra
o
-2
o 50 100 150 250 300 350 400

Timtzau(umih)
(c) Magnetic Dipole Moment

]| ol 2y & X7 234

Hlo
—_

HE&
[ |

-

a3 6.

oZF1 ok aF 60X BZo] tygia Ao
7F A FE T ¢k 738 & 9o Zt&EnE AR
W2 hgstE, A 23 A7 FEd
th 1102 ¥ 91489 HAAF A4%E 031 rad/s

=T

of =EstA HY, o] WREYH & EHgsS Tz
FgaoZ 001 Nms® ISl S7F Atk 1128
% 39 £xE= FA 2500 rpmol =EEH, o]
T 3F AAIAHSE S AAMA 8L o]
FoIx 7] 74A] WA AlEE oA A7 2508 F
=7 209G
MEe 8 %27|7E Yot
P AFPEC] B =R ALH YL
A& AFEE AS 71E9] 7] 3 g3t W
g AHEE W 2/TF PES AT S+ ik
200 =
Om//’/\\\ R R
= - o 50 100 150 200 250 300 350 400
% J [— Pitch
"r%r
é 50 100 150 200 250 300 350 400
. [ vaw
50 100 150 200 250 300 350 400
Time (min)
(a) Attitude
0.2
o “\,ﬂk [ wi]
% _0'20 50 100 150 200 250 300 350 400
£ o2 w2
% of; i
é_ 0.2 50 100 150 200 250 300 350 400
g 0.2
= u\/"lh %WS
02 50 100 150 200 250 300 350 400
5000 T
0 7 [— RPM
-Sﬂﬂﬂn 50 100 150 200 250 300 350 400
Time (min)
(b) Angular Rate and Wheel RPM
? \ Wiy
o
.20 50 100 150 200 250 300 350 400
— MZMTQ

200 250

Mganetic Dipole Moment (A-mZ )

150 250

Timzo(‘l)'nin)
(c) Magnetic Dipole Moment

28 7. MotEl RUE ¥ 27| RSwe



72 ojHE - HAA - Hud - FAZ R T R B
[-—Ror] e — Roll
o [,7, 0 S,
. =200, 50 100 150 200 250 300 350 400 = “o 50 100 150 200 250 300 350 400
g 1oum —rn % 1 "HM — Pitch
5 ofll ® o \J_,
z .
E <1005 50 100 150 200 250 300 350 400 § 0 50 100 150 200 250 300 350 400
200, = [— Yaw
J Y| S——
-200; - 5 Hep . d o0 55 i %% 50 100 150 200 250 300 350 400
Time (min) Time (min)
(a) Attitude (a) Attitude
o _— 0.2 N —
uh} — —] g
o % ‘E:fu 50 100 150 200 250 300 350 400
g oD I 50 100 150 200 250 300 311 2aun - I =
] - > ;
% 0.2 // 5 -0-10 50 100 150 200 250 300 Sfi)ﬂ 400
2 0 50 100 150 200 250 300 350 400 2 01 =t =3
%’ uBb Li‘—m hﬁ.
2 44 | 019 50 100 150 200 250 300 350 200
i) 50 100 150 200 250 300 350 400 T
! o [ wwrem |
20001 — MW RPM 5000 H
0/ H [} 50 100 150 N ZDU_ 250 300 350 400
0 50 100 150 200 250 300 350 400 Time (min)
Time (min)
(b) Angular Rate and Wheel RPM (b) Angular Rate and Wheel RPM
2 : [ ] — M
\ *'M‘IMTQ
E i : E 2% 50 100 150 200 250 300 350 400
= "o 50 100 150 200 250 300 350 400 s 2
g 2 — = - — M2y
§' 5 g o 50 100 150 200 250 300 350 400
g0 50 100 150 200 250 300 350 400 2 2 H -
g — M3y
7T = o] |
% 50 100 150 200 250 300 350 400
% 50 100 150 200 250 300 350 400 Time (min)
Time (min)
I ¢) Magnetic Dipole Moment
(c) Magnetic Dipole Moment (c) Mag P
a2 g HMotEl moly & %7 REdok X7 a8 9. MetE =Yy # X7 FsEeh £7
Z&E w=[-01 —01 —01]rad/s ZA&E w=1[008 008 0.08]rad/s B
#e
A AR UEEy Ao o2 7] A%E
b B =EdME T 2o 394 B E AR § 4 (12)¢ 22 2¥d "3 4
2 g 2/)7EST A4S 3% AALAS A B B, & AVEA 7B AgA B 3
71 Weks Altetdh 2500 rpm7HA] 57 Al T3]
Step 1 : AQte =wl® & #]o]7]¢} B-dot M,=—K- By (h,—h,,)
A 71E AHES HREER Ao M,=K-B, - (h,—h,,) (12)
Step 2 : ZRlE @FA o7& o] &3 & &=
=7} 714 K= Aojol5olH, AlEdeldS Sl
Step 3 : 3% AAIHA S} AbgE e K=3x107°|th. h,E 2 Ze¢E
2ko = = ir 3= 3ol 71w
W BES AN ARACINS Fasgen, SO My ANE S Se A6 42T
9o %7 A&Exe &% A zpe o  Folth mWEA 4 (12)9] AV|EA A= 2
o) 243 BYSA AAFALY. WA B =% o ALTFS h,, A AlojsH, & =FeAs



34 4 H 5 4%, 2006. 5 ] Hlojols THlE] HRALS AMSSHE 24F ] 7] AHIES Hiok At 73
HAUSAT-2¢] #25 =2ule & Aloko] uwa} 223
by =0.09Nm - s 2 AAsAct vpA gz ol

FAEE TE hyol B2, 35 A4 s
E Y3 AFEE Aorie 4 (119 PD A
1715 Fd3sHA AHE-gttt

a7 72 AME E 20T A AlEEHelA
ARE BT 9ty 17 7004 Kol HyEY
A7k AL oF 208 & A9 A& A
H H9E kg3l HH & £x= oF 800 rpmZtA
Z71E Tk o] W RE Edy @3 Aor|rt 2F
Hu, o]F oF 30&71A 8o £EE T 2500
rpm7HA] F7HETE o] ¥ rpme] =E3IH 3
% A M-S FAsty, ZA kA ET} o] F
oAx7] 7R AA AlE#H A AlTEE 1508 A=
7} 2949t a9 8, 9= O E %7 Z4&Ed 4
g Axoln, 19 79 HId AFS HAFH
Atk AEHoZ 7|E9 WA HlF|A HA A
ARl Fom, gHEY Ao], @ FAEE &
2 383 35 A HESEA] b Ao 3

v.d B

AN NE AgFow
Aol S FRND + AUk AL A
qeed Aol 458 A%E AolAzte] of 2
A
o

:?l:,"
R
K

A P 4

jus)

2 A7E Hr1ere 574474 974 (National
Research Lab.) Aol s FaH Aoy A
Aol AAL=HY .

1) Sidi, M,
Control”, Cambridge University Press, 1997.

2) Chetty, P.RK., “Satellite Technology and
Its Applications”, McGraw Hill, New York,
1991.

3) Stickler, A.C., Alfreind, K.T., "Elementary
Magnetic Attitude Control System", Journal of
Spacecraft, Vol. 13, No. 5, 1975, pp. 282-287.

4) Whitford, C., Forrest, D. "The CATSAT
Attitude Control System", Proceeding of 12th
ATAA/USU Conference on Small Satellites, UT,
1998.

5) Thomson, W.T.,
Attitude against Gravity Torque", Journal of
Astronautical Science, Vol. 9, 1962, pp. 31-33.

6) Aorpimai, M., "Momentum Wheel Control
System for the TMSat Momentum Bias
Attitude Control", TMSwheel01, SSTL, 1997.

“Spacecraft Dynamics and

"Spin Stabilization of

7) Norhizam, H., Yoshikazu, H. Ahmad,
S.A., "Tiungsat-1 Momentum Wheel
Commissioning, in: Othman M, Arshad AS.
(Eds.), TiungSAT-1: From Inception to

Inauguration", Astronautic Technology (M) Sdn.
Bhd., Malaysia, 2001, pp. 73-92.

8) Steyn, W.H., Hashida, Y., Lappas, V., "An
Attitude Control System and Commissioning
Results of the SNAP-1 Nanosatellite",
Proceeding of 14th AIAA/USU Conference on
Small Satellites, UT, 2000.

9) Steyn, W.H., Hashida, Y., "An Attitude
Low-Cost  Earth
Observation Satellite with Orbit Maintenance
Capability", Proceeding of 13th AIAA/USU
Conference on Small Satellites, UT, 1999.

10) A9+, olBF, Hed, "=2¥ A4
HAUSAT-2 2919 & Start-up et A7, ¥
73837, A 337 A 95, 2005, pp. 73~80.

11) Makovec, K.L.,, "A Nonlinear Magnetic
Controller for Three-Axis Stability of Nano
Satellites", MS Thesis, Virginia Tech., 2002.

12) Florian, R., "Attitude
Micro-Satellite Using only Magnetic Coils and
Target Pointing for Multiple satellites", MS
Thesis, University of Sydney, 2005.

Control  System for a

Control for a



