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Design of a Gyro Actuator for the Attitude Control of an Unstructured Object

Young Gu Chung*
Dept. of Electrical Eng.

Abstract - An intention of this paper is design
of a gyro actuator for the attitude control of an
unstructured object. It is well known that the
attitude control of an object hanging with wire is
not easy using usual actuators. Even though an
actuator such as a pan can be used for control
of the object, it is difficult to meet a desired
control objectives. We, for this reason, propose a
gyro actuator for the attitude control of an
unstructured object.

The proposed gyro actuator consists of two
motors. The first motor is responsible to spin the
wheel and the second motor is used to turn the
outer gimbal. Appling the torque to the second
motor, which results in the turn of the outer
gimbal, torque about the vertical axis will be
obtained while a wheel of the gyro is spinning
constantly. This torque is used to control the
attitude of the object attached.

The aim of this paper is of deriving the
transfer function of the actuator and presenting
the guideline of the design parameters such as
the weight and the dimension of the wheel,

motors, and the load capacity. Simulations to
the mathematical model which has a state
feedback control are conducted to show the

validity of the proposed gyro actuator.

1.8 B

2 =BAAE WA Aoitiye A0 Qe A1
HnglE 7AY AR Aojzanzel J2H dBBA
g olg

gt FF EAH 9 AMAE Aojslr) A7 BFolo]
Bl (actuator) AAldl I EXL& Bt} o2 o], Iy
o7 g Fol2¥ w A olET A W A}
ol "“%wi E°1117ﬂ Elt A% e /MME A
< By "‘ﬁh—: o‘l‘ uh %9] 9o o B
**14 A7 EiRE AS, UA BEANE YilE= fgx=
B8stA o|FAAIZNZE t$ A"} o] BE Aot
Ao AAFANE AASFAY W(fan) L FZsla] Ao}
d2S Aolste Wyo] o|&H1n URT, HAZ AvE
Aol EA-E 24l 2L Aol W= "o}

LA A HE 1}°]i’\:7ﬁ4 A% dA &%

2 3Ase= d(whee)S 7]'?‘] A3, FAAA
AdEe A4"g= A 54E pedg E A
% olgg Fo EAy] 7}6111]"4 B3z A w°ﬂ o
3 FAEE FHez e HAste Fol WA €

ojgj gt oz A3 Z o) %é—% doz o]fdte Ao
B dFdolge AstE o] A stn, L s1e
of FYel AAE A sto % A Ze HAANE HWAAA

. Keon Young Yi
Kwangwoon University

A g W BAste EAE AFESiY Alojul g E3F
@A Aoshe RAojt.

EAe) 2A AF 3ol Aol E /\]-.g-fg}‘q]{_ 19974
Ahmed, Miller5el 8] o]Foiz d7(1)% 19984
o] Li, Bainum$%ol 3 o]Fox A+(2]F°l U
A 9o AR S Aojhde] vPEA F@E
RAoldth. (1)& A7 FAsn YL o, Ao EF
gog A EAE FA4A EAM AHNE AF AN
v @Folth. [(2)= ¥R EAI A3 ALd wew
RE FEEEY A4 A ste) B Ao,

B =84 AAZ Aol AFoolH = %J—} %°
5]@"]5’]% RE 9} 91—‘?‘ A (gimbal) & 3 AAF &

HZ FA"G. o dFoolEd Wi A7 HeE

Wy alg etz old g ZdFE Edho <
g ’Sﬁ] A% AES(Re 7A ¢ 37,
ZA) 2 Ba #8588 A %’4?} NES
E‘“ O]C‘..

w’f~°ﬂ °l
ZEHY 7
A Al 3HE

2. [olz °""0||0IEI AMa™

Eedd Adan gle Aoz dddold Asg
144 A AFen, 1 oleH WAL
o AT 228 ol Aelzel vl 2 ¥
AN Atstn e Aoz AdolEe B

e
ox
o
o

r-|n

AolojE AAH FHT

Fololg Al2ge] FHEE a8 13 2o
€ FAN7e 26, € 2 ZHE uAe
g JPA7NE Eﬁi T4 5.

__Motor 1

a8 1.
Fig. 1.

Xpolz2 HFolojeiel FAHT
Schematic diagram of the gyro
actuator

22 2¥e 754N THE ARLHES AL D
o 2H 20 9d¥ 89 WuZ HARE oo Ae
gt Woldoz AXHu, Adel WUH % =9 Yo
o %3¢ & Y ge fUA nFY Zo shdo A

-490 -



9 gl Wojgeo g ANAd,

2.2 53 Higa oA

HETFE ste B AAEHE §Y AN /A s
€ 430l sled, 3@ %] old g8 %o E3E 73t
W EH £ S FHLRE JHEFo| dolnd
9. o] HolME ol Aol AAE Hisiu}, o] A
BE o] &F Aoj2 AFjololee] RdH L FEC}

2.2.1 [oj2o| st
Jelel A pold B HALES ot BA G 28
$ge gAe ABUAE 7ol AT YA e
2og EAEL,
L=2 (ri=7)x m; (= 7) 1)
A7IA, re Y- dA7iAe WE = 9FCA
Qelsl A p AR WE, mE 9A Aol
Ae) 4g vRed,
L=2] (ri=r)xm; (7~ 7)) @)
o, AFSANA HEHE Relg sz, #AA
g Fod (2)E goz EAY £ gk
L=Z (ri=r )IXF&E + M (r,— RX 7, (3)
A9 (3)ol A, pHol AFFH(r,=R)A B,
L=N (4

fe]
AFE

°l
M

olth(3).

A9 (3)2 olgdtd 17 28 Zo] x2L HYARO
2a] 7AXE w2 YHFHE AR LFIeA (o2
dsh) g Awad den 2.

O3 2. Xjo|Re| g
Fig. 2. Gyro dynamics
a"RA L, ' xF W ALFR N, & v& U
o B3, J, v 89 #4L JEig. a6 k&4

delel A pol & AE yHE AFoE e B2
(N7} sed, (4)2%8 ted ge A7 4
Bt

dL

Gty
=N, ®)
L=L.+dL, 6)

714 L& Mg Fo AgFo|n), ZeFe W3
¥ dl, e L,d vglq Bomz

dL
dp=-T> @
2 EA® £ Qou, ot O (4)ZRE Ben 2o
dp _ N
i = Li (8)

g9 ARerE (&S AAANE A 5% 3
Hozd HALFEL Yot Aoz AN Yolwe
% & 9ot

2.2.2 Jolz dFollojele] £5X oz

AgE zlolz AFoolee] otz mdy e, FHo|
Yo wjaf oz Aol oL gz, P AHE
He dojye mAZg L FAY UF Az D #
=g

Ax 2Eld AriEE Agd g Ade AAdAs
e da87ss Ze 2EY dXAdR sHAH, ol
g EEUFAe zHe AR AHYLE2E FAlEE
AL o33 gol ZAEY,

6.(s) k

Gi(s)= v(s) s (z,s+1D) ©)
A
m (ktkb+mea)
—_ (]r+]c)Ra
m = (ks fuRD

A7IN, kE ED 4%, ke 9718F 25 0,2 AR
zEel NFF, R AAAGeITHA),
goz. s BAF Az Aol ¥art

2ag A%E2 nesid (9)2RY AFHE 6. WP
Balz Agde ANge] B ¢ BAEE g2
2ot
a8, do, _ dé d&é
J,+7) 7 tho g =Te 0w g —JL 7 (10)
ur
]w —"Mu,z/z ,
Y ol B
Jo = Mg+ Meq
Ji =Mt

A7, e wE HAe B, ME do A%, s2
a9 WA, ke Bel BA, Me Hee AP ok ¥
s9 stzdel, b= mae Azl J,, J& I
o) N Zel e ot wWaAN, gsh 4109
#43 Poid ded 2ok

= B () o et ]) st

AA
A

11)

0(s) Jos—Juw,
mebd, Azd AAe A2dE Glo)e e 2o
G(s) =— Gl(S)Gz(S)
1 (J,+ 1) b St km fm
TS L tm S U= Ty 00 Ths— T, @, (12)
1 by s+ by

s 52+als—a0

A7 aq by b B 72 2 A&, 181 2H
o] FAe2RY AFHE FY Apold, 42 F3H9
Ao wet ¥ =e &9 A4t 8o & A9 A

e shiel Ban @ 38 2en

3 Agaold

A ZoolEle] BEAL L Yoty fdt] EXFE A
25 (12)8 e =Y A7 o] &35t AF stslH
o 554 AXE 42 FH QA FEAAR 97
o, Aoy B $wde] Exse FHE AFFS
FAoz g olAA AzdE MFHF F AGNH
g 7hstel 2% wpES Akl Bd SREPE Lopr
azb gk,

FolZ AQPFE HAREL et Aoz ¥
At Bt @ FdE A ol BAINY A% A=
Wol 5 & T3 Zon

—491 -



ki=2ay ky=—a,.\ di+4ay k=0 13
el w7 Azt AP 93l a9n ¥ Az gE o
d sz 2gEAE nASAct S QY B4
AEke (10)61A @ F URe] FA7 $30 vis) A2
3] Zop2(Re] FAHsY A% [YHUIdE FAEYH
&) w97 3.

Agd 288 WESFe ¥ 17 2oen, ¥ 44
7] A% e F Hd¥dMe 2eE E 14 Feln 2
2 o) Yo A FEE 2000 [mm]ez nHEY
ow RHI, 28 2 d&Ae 10W, 4.5W BHE A}
23t Aoz 7HF

1. Algajjojdof ALRE o<
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Step Response to Different Mass
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