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Abstract

Recently, satellites equipped with high-performance electronics have required higher power consumption
because of the advancement of satellite missions. For this reason, the size of the solar panel is gradually
increasing to meet the required power budget. Increasing the size and weight of the solar panel is one of the
factors that induce the elastic vibration of the flexible solar panel during the highly agile maneuvering of the
satellite or the mode of vibration coupling to the satellite or the mode of vibration coupling to the
micro-jitter from the on-board appendages. Previously, an additional damper system was applied to reduce the
elastic vibration of the solar panel, but the increase in size and mass of system was inevitable. In this study,
to overcome the abovementioned limitations, we proposed a high -damping yoke structure consisting of a
superplastic SMA(Shape Memory Alloy) laminating a thin FR4 layer with viscoelastic tape on both sides.
Therefore, this advantage contributes to system simplicity by reducing vibrations with small volume and mass
without additional system. The effectiveness of the proposed superelastic SMA multilayer solar panel yoke
was validated through free vibration testing and temperature testing using a solar panel dummy.
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Table 1 Material Properties of Hyperelastic SMA
Characteristic Value
Martensite Finish Temperature (M}, °C) | -21

Martensite Start Temperature (M, °C) | -12

Austenite Start Temperature (A4, °C) -5
Austenite Finish Temperature (A;. °C) 15
Young's Modulus Martensite 75
(GPa) Austenite 80
Tensile Strength (MPa) 1300
Elongation at Break (%) 45
Density (kg/m3) 6450
Poisson’s Ratio 0.33

Table 2 Specifications of Viscoelastic Adhesive
Tape (3M966) [14]

Item Specification
Type Double-sided Tape
Thickness (mm) 0.06

) 58 (20 min Dwell)
Adhesion Strength to
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Table 4 Natural Frequency for each Case

Item Natural Frequency
Aluminum Yoke 1.268 Hz
SMA yoke w/o layer

1.234 Hz

(Case 1)

SMA yoke with 2 layer

1.253 Hz

(Case 2)

o vE& g ovgt.

A (D& &8 A8 dedad § #@e A @0 A

&3to] anlE A=kl
L (2)
Viar? + 62
Figure 4% 10~40 mm Z7] W& Z2 A7k oF
oA =&Fd v E yepdrl SMA dE f5Fol w
E M zelE Fsty] A dFHE AEY o

=

=

A

A&ste] 27] M9 231 10 mm= A A8
=883l Case 13 v]wdtgdct. =1 A3}, Case 1
28]= ¢F 0.0036(x7] ¥¢] 10mm 7])o2 7
} °F 0.0012%1 &¢FvlH @3 oiy] oF 39 H2
#H2E. o] F3 SMA A& A 74

A win] 24 ool adHde

P fo o
o

=
N

o)
o
it

=N
o=

o
S

w o
4

2,
2
(RS 57

iz

*

=
)
&)

Mr o &
ol
= =
N2
N2
10
R

=

Fﬁ ot
[‘
o Z
>
s

t
rok

o
fo
1
Lo

fr o

105}
=
>
b
E)
T oy

f

ro
o
o
ofl

X,
ofr
o

e
u
=y
o

*
o
it

SV R U )
Y
oo
=)
o
fr
k1
fol
i)
2
[}
N
N
v
oX.
olr
o

o> do o %

)

tio
;

N



0.025

T T T = B ‘mﬂ Eo [ TR B iﬁ Q_OI N~ ®° T < JU o Hl :.L =
o = X ® =X o % oo % A T m o wr
L o LCﬁJIL i —_ =) T~
2 5 5 mow L ST ey TR g Mo 5o e
, g i eErd s Ry r e 2w
i 5 N - RO R N D
. B oo oy X X =T g BT — O
0 & R R AU O R S
& T o WX X Bl <
ge E T R T ..
© < 20 o i o MW of O B J Ho oF %0 ®T T 2T
R W o sEERTRbE oow N T T o<
] m o 171 EO oA| ﬂ n_Alo ‘W-L _.:o ‘mﬂ o — C\M ﬂoﬁ . TO Eo -
5 . m T R g of o T W o om g X N
& 2 oo tmedwgy  CEF I pl gy
8§ . M wER g¥EENIgevitog g®wd
SR . LK 4% S m B ELM S _NEZes T g
= o< (0] M 70 oZ _.ﬁ E#e o ‘ml i T OW o O LAWO C.w = ‘.ﬂ_’ = _Jlorﬂ ‘DrL
o0 oW T o] ummﬁm A _ o g w E = 70 o) Jm 4 T OB
¥ E ey R EWQELH%mZ JWN@A%J
5 R R T - T R
a Mr AT ET o g LT SFEE g P s
ol un x= 5] = Lo Jl‘._q\lr A&oi‘mlLﬂrLyOC] ]M‘Iryl],._lo
8 0 = g B B oy ro - A S R
= 3 8 g o BB aog B Moy &
4 3 dE e, P B  Tapww e P
(2) oney Swdureq R X N S T % T = ST
BRTRXHKDDERTRT D XTFATF TN
ST FE RN M BAA RN TR
e —_ ! o M L
DI S L B . I e O I P
o 5 LR o N NN N T T on T T oo 0 o
o%aﬂnlA%,A.Mo_e_ﬁuﬁ_tzmb% AT o o
7 O o S o o oy X oo o 4w B e o b} I
%z&%w%@ﬁ%@ﬂﬂﬂ.ﬂqlzzﬁﬂm_yé%mowu
A ur PN o £ o T LRE s PR oS
B, s r LR aTRPw TS TP WA g
oo W U R S W o o®m e P o X °
= v TS v 2 W DR B oy g LS N
No 3 =3 fis % Bow %u B el A &= — T T4 1 70 w_l oS © o o
@.%ﬂ =T oW R é%%%%ﬂ%;%WW%Sﬁ W
™ = T o w4 B
%wlrﬁﬁﬂmzﬁiwm%m%.ﬁ%%l%éar__%mﬁ%ﬁaomzwm
[a\} =< H = e =y No TBo ~
R - Seohw TRUT AT R L
FE T Uy~ ETE P LR oW 2 = oy w
N m H=oRo - 1?!1_.&0 Aooxﬂoﬂ‘_,ml,&.|7 ~
M o ZON%dEi_ﬂﬁﬁ7A o . X ,w“_m‘._.:im_ou_{g
L A P L S
8§ = L% w B W K o n Km o B ogmy S w i =
. Oy B S o x X T - & G oy N = iy ofy
Jo B | B X R T W B o X A B o ol ol o = W ©
w N s Xas e o Dy By m O = p K B
~ 0 gy BT o @ o B3 A o Jo MR o Moy ®T T T T B A
L= N 5 W o ATHT}% be o & ol T E oo R
B R H £ = % ¢ Yo ® o0 - T Wy RT oo 4y o M
Ty 0 & = — © o oo P oo BT g o = T U e ik
SR T B oy E B T ko Mooy Mo moF e X
iwﬁ ™ Moo CE T < B KB W oA S T TR L S s
of K o WTTRDPFLLITFTPRT LTS T A EH TR T



AHE 87 FF A8 uF aFdx e 5 Al #HE AT 7
vol. 114, pp. 35-53, 2019
o] =2 LIGY =Y @9 A& who} 8 A<, [91 S. C. Kwon, Y. H. Jeon and H. U. Oh, "Micro-jitter

References

[1] S. H. Han, Y. J. Choi, D. H. Cho, W. S. Choi, H.
C. Gong, H. D. Kim and G. H. Choi, “Analysis of
Cubesat Development Status in Korea”, Journal of the
Korean Society for Aeronautical and Space Sciences,
vol. 45, no. 11, pp. 975-988, 2017.

[2] M. K. Kwak and S. Heo, “Active Vibration Control

of Smart Grid Structure by Multiinput and Multiouput

Positive Position Feedback Controller”, Journal of

Sound and Vibration, vol. 304, no. 1-2, pp. 230-245, 2007.

[3] D. A Kienholz, S. C. Pendleton, K. E. Richards Jr,
and D. R. Morgenthaler, “Demonstration of
Solar Array Vibration Suppression”, International

Society for optics and Photonics, Smart Structures
and Materials 1994: Passive Damping, vol. 2193,
pp. 59-72, 1994.

S. M. Anandakrishnan, C. T. Connor, S. Lee, E. Shade,
J. Sills, J. R. Maly and S. C. Pendleton, “Hubble
Space Telescope Solar Array Damper for Improving
Control System Stability”, [EEE aerospace conference.
Proceedings (Cat. No. 0THS8484), vol. 4, pp. 261-276,
2000.

Y. Kong and H. Huang, “Design and Experiment of

a Passive Damping Device for the Multi-panel Solar

Array”, Advances in Mechanical Engineering, vol. 9,

no. 2, pp. 1-10, 2017.

[6] X.J. Yan and J.X. Nie, “Study of a New Application
Form of Shape Memory Alloy Superelasticity”, Smart
Mater. Struct., vol.12, no. 6 pp. 14-23, 2003

[71 HK. Jeong, JH. Han, S.H. Youn and JH. Lee,

—

“Frequency Tunable Vibration and Shock Isolator using
Shape Memory Alloy Wire Actuator, J. Intell. Mater.
Syst. Struct., vol. 25, no. 7, pp. 908919, 2013
[8] S. C. Kwon and H. U. Oh, "Passive Micro-jitter Isolation
of Gimbal-type Antenna by using a Superelastic SMA

Gear Wheel", Mechanical Systems & Signal Processing,

Attenuation of Spaceborne Cooler by using a Blade-type

Hyperelastic Shape Memory Alloy Passive Isolator”,
Cryogenics, vol. 87, pp. 35-48, 2017.

[10] K. Minesugi, J. Onoda, H. Ohkubot and Y. Hanawa,
“Experimental Study on Damping 17 Capability of Thin
Film with Viscous Lamina”, Proceedings of 37th
Structure, Structural Dynamics and Materials Conference,
pp. 1016-1023, 1996.

[11]S. Bhattarai, H. R. Kim and H. U. Oh, "CubeSat’s
Deployable Solar Panel with Viscoelastic Multi-layered
Stiffener for Launch Vibration Attenuation", International
Journal of Aerospace Engineering, vol. 2020, pp. 1-10,
2020.

[12]M. R. Stoudt, R. E. Ricker and R. C. Cammarata,
“The Influence of a Multilayered Metallic Coating on
Fatigue Crack Nucleation”, International Journal of
Fatigue, vol. 23, pp. 215-223, 2001.

[13]M. Focardi, S. Pezzuto, R. Cosentino, G. Giusi, M.
Pancrazzi, V. Noce, R. Ottensamer, M. Steller, AM

Di Giorgio, E. Pace, P. Plasson, G. Pete and
I.Pagano, “The Instrument Control Unit of the
ESA-PLATO 2.0 Mission”, Space Telescopes and
Instrumentation 2016: Optical, Infrared, and

Millimeter Wave, vol. 9904, 99042Y:1~15, 2016.

[14] https://www.3m.com/3M/en_US/company-us/all-3m-products/
~/3M-Adhesive-Transfer-Tape-966/7N=5002385+3293241971

&rt=rud.
[15]https://www.micro-epsilon.com/displacement-position-sensors/

laser-sensor/LL-Laser-sensors/



