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for CNUSAIL-1 Cube Satellite
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Chungnam National University* " **, Korea Aerospace University***

ABSTRACT

CNUSAIL-1 is a 3U-sized cube satellite with 4m® small solar sail which is currently
being developed at the Chungnam National University. The primary purpose of the
CNUSAIL-1 is successful sail deployment in LEO and its operation for investigating its
effect on satellite orbit and attitude as well as performing de-orbiting using the sail
membranes as drag sail at the final phase. The system design and mechanism of solar sail
deployment is introduced, and optical and tensile tests are carried out for the material of
membranes and booms for its safety and performance verification. The ground test is
carried out to verify its performance for sail deployment and satellite through comparison
between folding methods by determining its folding patterns, thickness of spiral spring and
angular velocity measurement in a low-friction environment.
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Fig. 1. The overall schematic of satellite
configuration of CNUSAIL-1

Table 1. CNUSAIL-1 Mass budget

Solar Sail Deployer
Area 2mx2m Size | 0.1 mx 0.1 mx 0.05 m
Material | Kapton fim Mass | 0.6068 kg
Thickness | 25 m spiral | 35g(2mm)/ 45(2.5mm)/
Mass 0.1422 kg spring | 72g(3mm)
Boom Bus System
Size 1.42mx25mmx=0.2mm Size | 0.1mx0.1mx=0.15m
Mass 0.1492 kg Mass | 2.4 kg
Solar sail mass 0.9 kg
Total satellite mass 3.4 kg
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Table 2. CNUSAIL-1 Solar Sail Mission
Requirement
Part Requirement Text
Space Solar sail membrane must be stored in
volume of 0.5 U in deployer.
. Restriction and removal are possible for solar
Constrains :
sail deployment.
The mass of solar sail must be less than 30
Deployer o
% of total mass.
The folded solar sail must be possible to
Deployment : -
deploy in orbit.
Deploy time The deployment time have to be longer than
ploy 0.5 second of passive method.
The solar sail must not be deployed inside a
Deployment
deployer
. The area of solar sail have to be less than
Size 2
4 m°,
. The thickness of the film of the solar salil
Thickness
membrane must be less than 25 um.
Reflectivity The reflectivity of solar sail membrane must
be over than 80 %.
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Table 3. Properties of candidate sail film

Bulk Tensile Tensile
: uv
density strength modulus life
(gcm’f‘) (Nm™2) (Nm~2)
Kapton 1.42 1.72 % 10° 2.96 x10° | Good
Mylar 1.38 1.72 % 10° 3.79 < 10’ Low
Lexan 1.20 6.89 < 10° 2.07 %< 10° poor

HFEel HFBAGORRE B JFE A
A7) AL e WSS 7h w4
galok ok wR, 7 BANA HFE A
A G Ak Bl AAH B A
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Fig. 3. Reflectivity and Transmissivity of sail
membrane (Al_Kapton (black),
Al_Mylar (red), Kapton (blue))
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Fig. 4. Experiment set-up for the tensile test
(a)Al-Kapton film, (b)Bonding Al-Kapton,
(c)Room Temp.(23 °C), (d)High Temp.
(100 °C), (e)Low Temp.(-100 °C)
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Fig. 5. Stress—Strain Curve of Al-Kapton
film(up) and bonded Al-Kapton
film(down)

Table 4. Results of tensile mechanical test
Kapton film(up) and bonded
Al-Kapton fime(down)

Failure
. Strength : Modulus
Specimen (MPa) S(t;a;n (GPa)
Room 228.43 73.38 2.66
Al-Kapton High 172.03 76.26 2.30
Low 340.97 58.42 425
Failure
. Strength : Modulus
Specimen (kPa) S(t:/a)ln (MPa)
Room 310 30.92 5.38
Al-Kapton High 183.11 7.16 3.46
Low 158.86 1.67 9.87
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Figure 5(up)= Zt 2=°] td Al-Kapton<]
3=, Fig. 5(down)E ZF %0l thg Bonded
Al-Kapton®] ZIgjZo|n, 250 wE AFAA=
o} BH3AIFE Table 40 YERATH 48 A7,
JAA=+  Al-Kapton®] 7%, 228MPa(’d-2),

172MPa(2), 340MPa(AH-&)o.2 ZHA =3l om,
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Fig. 6. CFRP boom and Steel boom [10,11]
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Fig. 7. Displacement-Load curve of Tape spring

Fig. 8. Design of deployment system composing of deployer, a spindle, guides, and constrains
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Fig. 11. Low—gravity and low-friction
Environment Testbed
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comparison with folding method

Fig. 13. Solar Sail Deployment ground Test
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Fig. 15. Solar Sail Hanging Test
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