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ABSTRACT

*

Space World™

Conventional nylon wire cutting—type holding and release mechanisms (HRMs) are limited
to securely hold the solar panel under launch environment as the size of the panel

increases because the nylon wire is tightened directly on

the surface of the solar panel. In

this study, we proposed a nylon wire cutting—type HRM for 6U CubeSat's solar panel
applying elliptic-shaped bracket with a Ball & Socket interface. The proposed HRM has the
advantage of higher holding capability along in-plane and out-of plane directions of solar

panel and simplicity in tightening process of nylon wire.

The design drivers of structural

design of CubeSat’s solar panel with the proposed HRM were defined by structural analysis
under launch loads. In addition, The design effectiveness of the proposed HRM was verified
through the functional tests according to the thickness of nylon wire and the number of

wire winding under various temperature conditions.
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Nichrome Wire Cutting Mechanism

~

Resistor Cutting Mechanism

(b)

Fig. 1. Holding & Release Mechanism for
6U Cube-satellite[(a): MicroMAS-1,
(b): LituanicaSAT-2][8-9]
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Fig. 2. Configuration of Solar Panel Assembly
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Deployable Solar

Fig. 3. Finite Element Model of Solar
Panel Assembly with Multi—axis
HRM

I AA AR wASZ] $18] 3719 RBE2 &
A2 @t FEE AT gAY IHFE
3d AF=E FoAE 98l 27 RBE3 (Rigid
Body Element 3) 24 ¢ CBEAM 24E AS
stgem, A7) CBEAMO EX4 X ¢FuES
Agatdnh ek BFAA R A g FHAA
TERA ] FFET o gl miAE A AR
o] 6xf% (Ux=Uy=Uz=Rx=Ry=Rz=0)
Ag Fosteitt ok, Table 191 7+
TS 9 489 24 2 NS, Table 290
FHAAT 2GA S EAAE YEHAUTE.

Table 1. Information of Finite Element Model

Number of
ltem Node or Total
Element
Node 51166 51166
Solid CHEXA8 2086
CPENTA6 152
CTRIA3 229
Element CQUAD4 7646 32709
Shell CBAR 8
RBE2 54
RBE3 12
Table 2. Material Properties for Structural
Analysis
Young's Poisson’s | Density
Parts | Material | Modulus Ratio (ka/md)
(GPa) 9
Solar | ey | 1873 | 0436 | 1850
Panel
Stiffener| G10 224 0.144 1800
. AlB061
Hinge —T651 69 0.33 2700
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Fig. 4. Mode Shapes of Solar Panel Assembly
[(a): w/o Stiffener (70.5Hz), (b): with
Stiffener (130.9Hz)]
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Fig. 5. Close-up View of Multi-axis HRM
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Table 5. Specifications of The Nylon
Wire and Burn Resistor[14-15]

ltem Details Value
Manufacturer Berkley
Material Fluorocarbon
Nylon
wire Diameter 0.1 mm
Max. Allowable 5622 N
Force
Walsin
Manufacturer Technology
Co.
Package SMD Type
Bumn | package Size Code 3216
Resistor Electrical Resistance 47 Q
Resistance Tolerance +1%
Max. Power 025 W
Dissipation (T,.,=70°C)

Burm Resistor

Base
Structure

i

7@@/

/OQOO\

Surgeons Knot

Solar
Panel

Fig. 6. Optimizes Tightening Process
of The Nylon Wire
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Fig. 7. Deployment Test Set-up for Solar
Panel Assembly with Deployable
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Table 6. Specifications of HRM for 6U
CubeSat’s Solar Panel

Item Specification
Volume 101Tmmx>13mmx14.4mm
Mass 169

19.24N (0.04mm),
56.22N (0.1mm),
68.02N (0.12mm)

Load Capability
(Nylon Wire Dia.)

<3.5s (at -35°C),

Release Ti
clease 1ime <06s (at 25°C),

(Temperature) <06s (at 60°C)
All |
Numb(;\lfvitl3 ?I'est <10 (at ~35°C),
<30 (at 25°C)
(Temperature)
Required Min.
Power 13.6W (8V)
(Voltage)
Release Principle | Burn Resistor Triggering
Material PEEK, FR4
m. 2 2
B oApelAE sl FuA4E BFaA D
TFEEYFA Y GHS RSt g9y =2
71 ¥ Ball & Socket H&% 52 A &3 6U
A4S HFHAAR TEEDFAE AL
o A7 FEEE A AAE Y6 6U FE A
o HYHA A ZHAE o2 FxINE F
skt ol ZHH, Aoz 9 dALEFel
gt FxA[AY drRE 3 FEEGA A
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AFE sty or, ydEHe A E AF 5 Woo, S. H, and Han, J. H., “Mid
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o2 o]FojHE QAT of2y, A D A 6) http://www.gomspace.com

2z Z+zF 103, 3038 ¥kE J|SAE S S 7) Nakaya, K., Konoue, K., Sawada, H., Ui,
gato] A3l E4Wstyt yehuA 5924 K. Okada, H., Miyashita, N., Iai, M., Urabe,
TEHEEYFA ] 7leE AT FF, 2 A T Yamaguchi, N, Kashiwa, M., Omagari, K.,
TolA e ZeAd R T4 AAE EHE Morita, 1, and Matunaga, S., “Tokyo Tech
ASAD A W TARE 2 d3e AIY Cubesat: CUTE-I Design & Development of
= Tdste] BARA A FEAMGI AEY Flight Model and Future Plan,” AIAA 2Ist
oA el 7|s FHARE 1T A Fo|r}.

References

1) Woellert, K., Ehrenfreund, P., Ricco, A. J.,
and Hertzfeld, H., “Cubesats: Cost-effective
Scienceand Technology Platforms for
Emerging and Developing Nations,” Advances
in Space Research, Vol. 47, No. 4, 2011, pp.
663~684.

2) Peral, E., Tanelli, S., Haddad, Z., Sy, O.,
Stephens, G., and Im, E., “RainCube: A
Proposed Constellation of Precipitation Profiling
Radars in CubeSat,” 2015 IEEE International
Geoscience and Remote Sensing Symposium
(IGARSS), 2015, pp. 1261~1264.

3) Apland, C., Persons, D., Weir, D., and
Marley, M., “A Novel
Employing the Principle of Differential
Coefficients of Thermal Expansion,” The 41st
Aerospace Mechanisms Symposium, 2012, pp.
465~478.

4) Oh, H. U, and Lee, M. J., “Performance
Verification of Separation Nut Type Non-
explosive Separation Device for Cube Satellite

Release Mechanism

International Communications Satellite Systems
Conference and Exhibit, 2003, pp. 2003~2388.

8) http://n-avionics.com

9) Blackwell, W., et al "MicroMAS: A First
Step Towards a Nanosatellite Constellation for
Global Storm Observation,” Proceedings of the
AIAA/USU Conference, Small Satellite
Constellations, 2013, pp. 10~15

10) Jeon, S. H., Jang, S. E., Jung, H. M.,
Cha, J. Y., and Oh, H. U, ”"Structural Design
and Analysis of Pico—class Satellite named
STEP Cube Lab,” International Journal of
Aerospace System Engineering, Vol. 1, No. 1,
2014, pp. 34~43

11) Miles, J. W. "On Structural Fatigue
under Random Loading,” Journal of the
Aeronautical Sciences, 1954, pp. 753~762

12) Bernstein, K. S,
Design Requirements and Factors of Safety for

et al., ”Structural
Spaceflight Hardware: For Human Spaceflight.
Revision A,” NASA, 2011.
13)  General Environmental
Standard 7000-a, NASA, 2013
14) http://www berkley—-fishing.com/
15) http://www.passivecomponent.com/

Verification



