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ABSTRACT

Vibration disturbances induced by the reaction wheels can severely degrade the performance of
high precision payloads on board satellites with high pointing stability requirements. The unwanted

disturbances produced by the reaction wheels are composed of fundamental harmonic disturbances

due to the flywheel imbalance and sub/higher harmonic disturbances due to bearing irregularities, mo-

tor imperfections and so on. Because the wheel speed is constantly changed during the operation of

a reaction wheel, the vibration disturbance induced by the reaction wheels can magnify the satellite

vibration when the rotating frequency of wheel meets the natural frequency of satellite structure. In

order to provide an effective isolation of the reaction wheel disturbances, isolation performance of a
hybrid vibration isolator is investigated. In this paper, hybrid vibration isolator that combines passive

and active components is developed and its hybrid isolation performance using notch filter control is

evaluated in single-axis. The hybrid isolation performance using notch filter control show additional

performance improvement compared to the results using only passive components.

=
HAg e dFE FAs] A8 e =2
A8k oA (pointing stability)S 273kl Atk 3}
A9 01%94/“4 et g™ ek

4
A ACNE A AEEE WA

—

Corresponding Author; Member, Dept. of Aerospace Engineering,
KAIST

E-mail : jachunghan(@kaist.ac.kr

Korea Aecrospace Industry

Dept. of Aerospace Engineering, KAIST

**#% Agency for Defense Development

kS
sfesk

H(reaction wheel assembly: RWA)°|Y} 2%
98 FA& %7]'7](cry0genic cooler) &
Ashel =zHo] lom, mfg- 22 39

of eJafA®= Hho] a7 Askd el A,

2 TR 53] WA ol ofsf wAshs

A&l 785 914 dAAel &S vA= 7

Fu wg F SR BrkE s Q) wEe)®

oF Whakg FRRY oy nizss ddsy

L

2
rﬁ S

4

offt rz it

B>

=

A

offt [
Mol

# A part of this paper was presented at the KSNVE 2015 Annual
Autumn Conference
i Recommended by Editor Gi-Woo Kim

(©) The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 26(4) : 391~397, 2016 | 391



Geeyong Park et al. ; Performance Evaluation of RWA Vibration Isolator Using Notch filter Control

A3 WS gokstA ATFHATTY. AT
A gAAY] WAZES dds] Sl WS
Asds AdAskE B, eAAE AdAsE W
H, AsdolA GAAAA S HE AR WAE
& Alete W ol dou 1 T s AEAA
o A& Auets ol 7P A-84< digteltt
(Fig. 1). ©] ATF9A & Fig. 29 2ol AFYel 1t
-8 3t 9 2A Abelol "AAFAE st

avpow AAN7TA B,

AedAgAe 3f A FedddA, se4d
AFA aPa ols EFY spolHE HAFA R
v o vk FEdddRe] A Hlay Hlgol
Adshy Fhdstan AlEAdo] s=rhs Aol ARt
FEAQIAROR QT 2AE VHAI|A Fhe
A7 AR = Qdvh Ao RE FEalol
TElAaE F7F o] slolBYE E dARAE
AAgeEM a2 AE WEAL F itk o]
TollME wg do] udoniE uAHY dF
HlEe] 4o Bish] 98 75 249 5E &
25 A dolrds ME AARAE el
on wkzg o] wgh SA4S uHd =X Iy Al
of7IME A&l 54 Tyl el F714<l e
dd Ass Frkeklth

‘ Msdiﬁcaﬁon of vibration source/\;fayload t

Line of Sight
Vibration Source .
(RWA, Cryocooler, etc)

Sensitive Payload
(Telescope, Radar, etc)

i =i | « Application of vibration isolator — =Ly }
I = Vibration Rath (Satellite Bus) m) 4 |

Modificationfof vibration path

Fig.1 Various methods to reduce vibration trans-
mitted to the sensitive payload

Reaction Wheel

Satellite Bus

Fig. 2 Configuration and schematic drawing of RWA,
isolator and satellite bus

392 | Trans. Korean Soc. Noise Vib. Eng., 26(4) : 391~397, 2016

=
ol

[}

e

o

A
A
X

i)
r2
ox.
olf
o

S e
™ ox

X b

ol FEE
ol
:OIL_II
i3

_‘d
o,
|z
AL
[

re
o
)
Y
k3
tlo
Ho
:(u)L_',
I,
2L
4 A e

i)

e ra
o
)

A e

Aol Hel Aol AsHHETkFig. 3). 3

L2 2 o

1 = ol &

oh 18 X

_E

[~

(&l

oty

o

fu

N

X 0
Xt

o

o

fo

B~

N

o,

09:,"

N
M b i 8 )
2

oty
fo Bt
tlo
(98]
=
_vg
=
v
el
re
o
S

AFTE G 2 A 4T
B Au(Fig. 4). 2 sHehulE HA
3tEtv Y AARRE 7] ghel 71
Fool A HEo] oAt §A 1
gEo] ThA] AXA ") o]EH o=
o £ =NV (N+)Z FAED 5
N& 7 23y 74 gl vgey
1~10 Atel9] #t& 7Fd w) =& dd 4%5S
g 4 itk

3skevlE F HAGAE Fig 59 o] Me=
(bellows)9} HA+Al(viscous fluid)E AH&ske] A
Attt A FA Af Mmzx Qb A9)A|
™ 0T X(orifice)E F3 T MO WEZX Alo]E
ol gaslA Hrl. o]g} o] WR=E AN 9 A
Aol Aol folat M=o FAS 2ol
AAZ = Q7] Wi 22 942 AME F 9

Ao AME 2= 13 29] A o=
7t 12.6+2mmet 82+2mmon T ME=o] 1
o} 9% 94L& 247} 17 mme} 30 mmolth MR =

AM350 o= AFEow 1 9o HES
Sus3o4elt}. o 7]x] 3k s o mAE Wzze] o
T WY &4s BIs] g8 7Ad 2R
(stopper)E F7FelSit). afjAl Aol wet AAE

o
B
e

o H =

2,

c

B8 2 off flo > [o

Job okt
™

[o 1
H Lo
U\l
£k
>
- =B
p

4o N R

Aol AxE A ZEL k =50007 k,=25000N/m
ofm HAo) 74 % 918 350 Nimis)e A7
>~ =2
T=

T e.9lo] AAHI. Fig. 4= o
J

K= A =
2 AAE AARA Y] AEdES B

Aol o

%



Geeyong Park et al. ; Performance Evaluation of RWA Vibration Isolator Using Notch filter Control

Transmissibility (dB)

Frequency (Hz)

Fig. 3 Transmissibility of 2 parameter isolator

i I

IR i I
0 — -+ + H HI—
I Asdampmg 1 11
[ iBcreases ' £ | 11111
— =l — -+ p+HH
m [ RN 0
h=2 [ [RRNRN =
= + c I
= RN 423—\
2 [RERL 24fmky |
@ kRN I— 1=l 41+
£ byl [N
w
o (RN
© I— =1 4 1+ 1
]
= RN
I

Frequency (Hz)

Fig. 4 Transmissibility of 3 parameter isolator

VEM
{coil and magnat)

Oriflee

Farce Sensor

Bellows 1 Bellows 2
(primary stiffness) (secondary stiffness)

Fig. 5 Designed hybrid vibration isolator

Bellows 1 (k,) ! Bellows 2 (k,)

Orifice

Fig. 6 Developed passive vibration isolator

T glow HAo| A gs 7Hd A oF 1
AMEE HF Ad g3yt el ok 211
2] #k(Q-factor)¥} -40 dB/dec®] =& @_‘1/\3"5—
d Ao A=HAT} Fig 6 AA A% 3
HE g AdgA ol o] AFtelA= AZtE
gHlE] g5 A AR 2s7), 3O AlA,
2y duEEs FUHe 5% 84E THsIel
ot} AxA ZE7]E MoticontAFe] HVCMO051-032-01
Rdlg g e oA Eole A7 50 mmet
254mmeol™ FU9| F=HE 97 50.8mm HO
127mm, 9 €7 43.7mmét Zo] 24.0 mmo]t}.
3] y=ms Q& ARE-E AlA= PCBAFS] 208C019]
th JdAEeH AMAME Es dAGA 9] F Hole
192 mme|™ F FA= °F 0.9 kgolth.

Fig. 7% AA A2 35ebule 5 dAgA|
ot A4S 7= AARAE e W 29
29 AEES Yepdch HEE oY HAATE
100 N/(mvs)5-E] 3000 N/(m/s)7HA] S7FA1 7 A 2%

o] 73] & zekon oF 350 Ni(mvs)o] HAATE
7IE ARFAS eSS o, oF 17.44 Hzoll A
BE A% A gy Jeda ok 2,119 74 g
(Q-factor)¥} -40 dB/dec®] =& HIAATE HYES
shlstaint.

A Solnel= AP Fig 83 o] e
A7 S glom olu= dAPHe] ADELS
A (D~ Bol HET 5 ik o71A fi= A4
N A5 20E BARE W, o WE BRi
WAEE w@e 2e £ ge] maee] A

51000 ||
=== ¢53000

Transmissibility (dB)

Frequency (Hz)

Fig. 7 Comparison of transmissibility for various
damping

Trans. Korean Soc. Noise Vib. Eng., 26(4) : 391~397, 2016 | 393



Geeyong Park et al. ; Performance Evaluation of RWA Vibration Isolator Using Notch filter Control

Table 1 Comparison of magnification factor and nat-
ural frequency of bellows isolator for vari-

ous fluids
Magnification factor | Cutoff frequency(Hz)
No fluid 15.12 7.17
CS 100 5.23 14.88
CS 350 2.11 17.44
CS 1000 2.97 22.36
CS 3000 5.6 22.03
f X
m edecace
cth 1%

controller

Force sensor

~

Fig. 8 Simplified schematic of hybrid vibration iso-
lator

G G,

Fig. 9 Block diagram of hybrid vibration isolator
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