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ABSTRACT

A Study on Solar Panel Holding and Release Mechanism for

CubeSat Applications Using Spring—loaded Pogo Pin

by Kim, Su-Hyeon
Advisor : Prof. Oh, Hyun-Ung, Ph. D.
Department of Aerospace Engineering

Graduate School of Chosun University

A cube satellite (CubeSat) is a pico-class miniaturized satellite with a
dimension of 10 x 10 x 10 cm® and a mass less than 1.33 kg with respect to a
standard size of one unit (1U). In addition, the CubeSat can be expanded to more
than 2, 3, 6, and 12U, which is the basic size depending on the mission purpose.
CubeSat is vert flexible to exploration space mission and on-orbit scientific
verification that assists the next generation of scientist and engineering to
complete all phases of space mission. Recently, Due to the miniaturization of
electronics and the increase system integration density, the CubeSat had been
used for increasingly complex missions. Also, High-performance equipment such as
cameras and sensors will be mounted on satellite bodies according to the mission
of the CubeSat, which has resulted in the overall increase in the power
consumption of the satellite system. However, it is difficult to meet the power
consumption by attaching the solar cell on the surface of the CubeSat. To
enhance the electrical capability of a CubeSat, Deployable solar panels are
required, which would increase the surface area of the CubeSat for the
installation of solar cells and would help orient the panels to face
perpendicular to the sun for effective power generation.

Recently, various holding and release mechanisms has been developed for

separation of the deployable solar panel. In general, Pyrotechnic devices are
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widely used to commercial satellites. The explosive restraint system has high
frequency separation reliability based on its high tightening power and
performance in the application of accumulated space missions, there is a problem
that does not satisfy the design requirements of the CubeSat due to the high
shock level involved in the operation of the restraint separation device. To
overcome the drawback of pyrotechnic devices, non-explosive devices based on
Shape Memory Alloy are being applied to the actual mission. However, shape
memory alloy device has the advantage of low shock level compared to Pyro, there
are difficulties in satisfying limited size, including development cost, for
applying cube satellite with expensive equipment. Currently, various holding and
release mechanisms are used in many areas of the space industry, but there is
limitation in the application of the CubeSat, because of the shock level and
high cost. Therefore development of holding and release mechanism for CubeSat is
steadily required to replace disadvantages of pyro and shape memory alloys. A
nichrome burn wire cutting method is extensively used for the release of
mechanical constraints on the deployable solar panel of the CubeSat owing to its
low cost and simplicity. The mechanical constraint was released by cutting the
nylon wire triggered by a resistor.

In this study, the nichrome burn wire triggered Holding and Release Mechanism
using a spring—loaded pogo pin is proposed and this is developed for the
separation device of solar panels. A pogo-pin is used in electronics to
establish a temporary connection between two printed circuit boards. This is
possible to the application of separation devices because it functions as an
electrical interface to provide power, separation spring to initiate reaction
force and the status switch to determine a deployment status of the solar panel.
The advantages of the mechanism proposed in the study include increased loading
capability in the in-plane and out-of-plane directions of solar panels,
synchronous release of multiple panels, low-shock levels, and handling
simplicity during the tightening process of the nylon wire. The release function

tests of the mechanism was verified by performing a separation test under

_Xi_
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various conditions. These test results demonstrated that the proposed mechanism
verified the feasibility of using pogo—pin as a holding and release mechanism of
solar panels for CubeSat applications in accordance with the proposed design.
Also, pogo—pin based Holding and Release Mechanism was verified through the
qualification level of the sinusoidal and random vibration tests. The Thermal
Vacuum test was also performed to determine the survivability and reliability of
the Holding and Release Mechanism in the simulated on-orbit thermal environment.
The test results demonstrated that the proposed solar panel Holding and Release
Mechanism was certified for use in actual space missions. The simple, reliable,
and inexpensive Holding and Release Mechanism often contributes to significant

cost reductions to a CubeSat program and aids in the success of space missions.

Key Word : CubeSat, Solar Panel, Holding and Release Mechanism, Pogo—pin
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Compressed Pogo-pin

Free State Pogo-pin

Contact
Force
Contact Pin
. Spring
Spring Force
Barrel
Housing
%

Fig. 5 Example of a Spring-loaded Pogo—pin [18]
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Delrin Bracket

MEMS Thruster

MEMS Thruster Control Board Floctrical utertie o the

MEMS Thruster

Fig. 6 MEMS-based Solid Propellant Thruster and Control Board with Spring—loaded
Pogo—pin [20]
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2U Dummy CubeSat

Primary PCB

Deployable Solar Panels

Fig. 7 Overall Configuration of the Pogo—pin Type Holding and Release Mechanism
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MCU (Atmega 8)

Fig. 8 Configuration of the Pogo—pin Based Holding and Release Mechanism
((a): Holding State, (b): Release State)
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Y

MCU

(Atmega 8) U-shaped I'Fs

Temperature
Sensor

Fig. 9 Configuration of the Primary PCB
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Pogzo-pin
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Fig. 10 Configuration of Electrical Block Diagram of Primary PCB
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Table 1 Specifications of the MCU and Temperature Sensor H/W

[tem Details Specification
Configuration
MCU Mode | ATmega 8
Voltage (V) 4.5V-5.5V
Operating Speed 0 MHz-16 MHz
Low—Power 8bit AVR RISC-based
Type
Micro Control ler
Internal Comm. UART, SPI
Configuration
Mode | LM57
Temperature
Sensor Voltage (V) 2.4 ~55
Supply current (uA) 24
Operating temperature
-50 ~ 150
range (C)
Output type Open Drain, Push Pull
_ 17 _
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Table 2 Specifications

of the Nylon Wire, Burn

Resistor and Spring-loaded

Pogo—pin
[tem Details Specification
Manufacturer Berkly Co.
Material Fluorocarbon
Nylon Wire
Diameter 0.1 mm
Max. Allowable Force 56.22 N

Burn Resistor

Manufacturer

Walsin Technology Co.

Packing Type

Surface Mount Device

Packing Size Code 3216
Electrical Resistance 4.7 Q
Resistance Tolerance + 1%

Max. Power Dissipation

0.25 W (Ta=707C)

Pogo—pin

Manufacturer Hanbit T&!l Co.
Maximum Al lowable
12V, 2.0A
Voltage and Current
Contact Resistance Max. 30m
Max. Number of
30,000
Loadings
Operating Temperature -40 T ~85 T

Operation Power

Spring—loaded Pin

0.75N £ 0.16 N

Collection @ chosun
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Surgeon’s Knot -
Fig. 11 Tightening Process of the Nylon Wire
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2 =Z0AM Metst BHEMXE 2E22lEXS Jls HES <o 2U0 722 [0l
CYS MASIH EHLEXEHO 2ell)IsAlEs sdoIJALH. Fig. 12= S Jls &0l
£ st FH2CIFXC JISAIEY FHS LIEHHCH. A JIsAE2 &3 2IiE 2
st M =201, MIHAlS &el2 <8t DAQ (Data Acquisition), OIOIE &S &t
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Fig. 12 Configuration of the Release Function Test Set-up
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Fig. 13 Release Time of Each Solar Panel when the input voltages of 5V and 8 V

are applied on the HRM
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Fig. 15 Sequential Images of the Solar Panel in Deployment
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Fig. 16 IR Images of the Burn Resistor during HRM Activation
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Release Time (s)

Fig. 17 Variation in the Release Times of the Solar Panel during 20 Times of

Reparative Function Tests
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Deployable Solar Panel

Fig. 22 Finite Element Model of the Solar Panel Module
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J AT +000

(b)
Fig. 23 Mode Shapes of the Solar Panel Module ((a): 1st Mode (78.7 Hz), (b): 2nd
Mode (207.5 Hz))
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Table 3 Quasi-static Analysis

Results of the Nylon Wire for Holding and Release

Mechanism

) Number of
Matel’la| . . Fa||ow (N) Fmax (N) S.F MOS

Winding
1 56.22 -0.2
Ny lon 2 122.44 17.57 4 0.6
3 165.66 1.4
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Fanng Jettison

T+281 Second Stage Cutoff (SECO2)
| T+3278
e Spacecraft Separation
T+3638

T+663

/ <+— SRAM Jettison (3)
T+89.0

+—— SRM Burnout (3)
T+64.0

Fig. 24 The Sequence of Process from Liftoff through Spacecraft Separation [25]
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Fig. 25 Configuration of Vibration Test Set-up of Pogo—pin HRM along the x-axis
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Table 4 Sine Vibration Specifications

Frequency [Hz]

PSD [g?/Hz]

Sweep Rate (oct/min)

5~8

1.3

8 ~ 100

2.5

Table 5 Random Vibration Specifications

Frequency [Hz] PSD [g?/Hz] RMS Acceleration [Grms]
20~50 0.026
50~800 0.160 14.1
800~2,000 0.026
_43_
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# LL5S - Low Level Sine Sweep

Reloasze Test

Solar Panel
|\ (Before Vib. Test) |

MbratiomTazt
{0dB Y-ax=)

| Change Amiz | ‘ Cha.uge-f'.ms }_. mﬂﬁ -
| (Keams)  (ams) | (After Vib. Test) Tuﬂ

Fig. 26 Launch Environment Verification Test Procedure

_44_

Collection @ chosun



Figure 272
2Z2UE LIEHHCE.
260 5~100 HzSl =1t==

Ck.

Collection @ chosun

0
I
e
1o o

Ol

=
>
02

S

010
it

mo o
1

E_|

=
o
ol
<*)

0

= C
=

cCt
=

[Zol Dt
g, 72.2 HzOlIlA
O%Z LIEFLIGE,
elof Cta XtO
EH 2 & XI &

S0t S ALGH
= 349, v
= UCH. RERIES
£ 49.5 ~ 69.5 HzOIA JI=
20l 2o POD el

st

=
[=)

[ —
_

N

=

A &

_45_



100 £
10 =
&
5 1
<
g
=
o,
£ 01
<,
0.01 £
e iEE R i S
10 100
Frequency (Hz)
---- Sine Test Profile (full level)
—— 4y axis Panel —— -x axis Panel
—— +y axis Panel —— -y axis Panel
(a)
— 46 —

Collection @ chosun



100 ¢
10
=
5 1
=
£
'1—% 0.1
g9
0.01
0.001 Lt it |
10 100
Frequency (Hz)
===-Sine Test Profile (full level)
—— +x axis Panel —— -x axis Panel
— Ty axis Panel —— -y axis Panel
(b)
— 47 —

Collection @ chosun



100
10 &
"op
= 1
3]
<
8
=
e 0.1
<
0.01
10 100
Frequency (Hz)
-==- Sine Test Profile (full level)
—— +x axis Panel —— -x axis Panel
—— +y axis Panel —— -y axis Panel
(c)

Fig. 27 Sine Vibration Test Results ((a): x-axis, (b): y-axis, (c):z-axis)
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Table 6 x—-axis Low Level Sine Sweep Results

X-axis 1% Freq. (Hz) Difference (%)

Before 73.05

+x Panel -
After -
Before 71.06

-x Panel 0.56
After 70.66
Before 72.84

+y Panel 0.56
After 73.25
Before 73.86

-y Panel 0.83
After 74 .47

Collection @ chosun
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Table 7 y~axis Low Level Sine Sweep Results

y-axis 1° Freq. (Hz) Difference (%)

Before 75.30

+x Panel -
After -
Before 74 .86

-x Panel 1.88
After 73.45
Before 74.06

+y Panel 1.43
After 73.00
Before 75.51

-y Panel 3.32
After 73.00

Collection @ chosun

_55_



Table 8 zaxis Low Level Sine Sweep Results

Z-axis 1% Freq. (Hz) Difference (%)

Before 260.56

+x Panel -
After -
Before 258.58

-x Panel 0.63
After 256.96
Before 273.84

+y Panel 1.78
After 268.97
Before 271.96

-y Panel 0.42
After 273.09

Collection @ chosun

_56_



10 [ -
[ D
- o M
= [ ]
= 6 ]
& [ ]
2 i 1
S 4r 1
>D I Release Time : 1.72sec :
i n
. )
[ | i3
0 [ ]
i T —f
f l
= LM P
Bt ] 1
o5} | 1
| )
:é ! i
= ! )
z | I
| |
5 | ]
vl I |
L | ]
O'g 9 10
Time (sec)
—  +x axis Panel — -x axis Panel
— +tyaxisPanel =~ —— -y axis Panel
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Z X
‘ : ./ Thermal Vacuum Chamber

2U Dummy CubeSat
(Qualification Model of

Fig. 30 Thermal Vacuum Test Set-up of the Pogo—pin HRM
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Chamber
Control Room

Holding and Release
HRM Data Acquisition &
Control PC

TC
Acquisition

- Voltage Data
- UART Port (Release Signal Data,
Temperature Data)

DC Power Suppl

-
=

OBC Power Connector

i

Power Connector

1EA

Chamber
Control

Fig. 31 Electrical Configuration of the Thermal Vacuum Test

_60_

Collection @ chosun



Table 9 Specification for Thermal Vacuum Test

Specification

Value

Temperature (C) -30 ~60
Number of Cycles 6
Temperature Change Rate (C/min) <5
Pressure (Torr) 107
Test Tolerance (C) +3

Thermal Stabilization (°C/hour)

ODwell Time (hour)

1 (including functional test time)
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Fig. 32 Temperature Profile during Thermal Vacuum Test
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Fig. 33 Variation in Resistance Values of the Resistors during the Thermal
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Fig. 34 Thermal Vacuum Test Setup After the Release Function Test of the

Mechanism
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SEM HV: 200 kv WD 12.01 mm
SEM MAG: 100 x Det: SE
View fleld: 208 mm  SM: RESOLUTIO

SEM HV: 200 kV
SEM MAG: 300 x
View field: 692 ym

WOD: 10.62 mm
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| 1
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(a)
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Fig. 36 SEM Microphotographs of the Electrical Electrodes of the Burn Resistor

PCB ((a):

Before Vibration

and Thermal Vacuum Test, (b): After

Vibration and Thermal Vacuum Test)

(«/Collection @ chosun

_68_



HoHletel AL,

0l

& X
HI1 <

9]

Hek

el
g oz

Ml JHSl D10l

=
S

d

o
o

X
pS|

|
Al

o
1
—

7E
| 2
=N

O

}

=
S
=2cl

M8 &

x
=

Io
—

bet L)

(0]
il

ARUA Kl
ANREL odE, M2 M

Io
—

=
S

=
[—

3

!
S
S

M X

0l
HH

—_

=

LEEH HZ

’

DS 5 Vet 8 VOl HE =22IVIsAIE

O
iy

UM,

I9)
Kr
=
ol
all

o
Jo

o)
Il

ol

%

Jo

IH
fulJ

<+
0K

Fc

ol

=
=)

=

=

ot Ol

~
o

2 H Ch==2f th

T

i

ol
oJ
or
o-
ok

o]

o

ol
0o

AR

ICH 52| =c2lAlZ2+0l

=

el 1L
cl & X2

=
[

2 ALEHE Ol A 2l

A

IH
4dr

)
e
o)

0
o

Kl
00

il
ok

=
1)
RO

Ol
ar

KIO
ol
o]
oF
ol
KIO
Al
4l|
i)

.

ol

I9)
60

<+

oI
0

4l|
ol

.

ol

et Ng+

P DR&ESIF 5% 0l ===0

OlA LLSSZ2H

A0l

[0
Kl
oll

[0l A 2

(=]
=]

oI

Kl
i

KA

83
o]
ol
or

o
4o

o

Kr

-

<0
R0

R

KO

It
qr

Ju

_69_

Collection @ chosun



bl

[

0
[0
r

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

2) Y. Xue, Y. Li, J. Guang, X. Zhang and J. Gue, “Small Satellite Remote Sensing
and Applications - History, Current and Future,” International Journal of
Remote Sensing, Vol. 29, No. 15, 2008, pp. 4339-4372

3) 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, 2017,
pp. 975-988

4) T. Wekerle, J. B. Pessoa Filho, L. E. V. L. D. Costa and L. G. Trabasso,
"Status and Trends of Smallsats and their Launch Vehicles-An up—to—date
Review," Journal of Aerospace Technology and Management, Vol. 9, No. 3, 2017,
pp. 269-286

5) R. E. Hodges, N. Chahat, D. J. Hoppe and J. D. Vacchione, "A Deployable
High-Gain Antenna Bound for Mars: Developing a New Folded-panel Reflectarray
for the First CubeSat Mission to Mars" |EEE Antennas and Propagation
Magazine, Vol. 59, No.2, 2017, pp. 39-49

6) https://www.planet.com/

7) https://spire.com/

8)

9)

10) T. Konink and G. Kester, "Multipurpose Holddown and Release Mechanism

https://www.spacex.com/

http://kswrc.kasi.re.kr/snipe/

(MHRM)", 13th European Space Mechanisms and Tribology Symposium.Paris:ESA,
2009, pp. 23-25

11) http://www.tiniaerospace.com/

12) http://www.dynal loy.com/

13) H. U. Oh and M. J. Lee, “Development of a non-explosive segmented nut-type

_70_

Collection @ chosun



holding and release mechanism for cube satellite applications,”
Transactions of the Japan Society for Aeronautical and Space Sciences, Vol.
58, No. 1, 2015, pp. 1-6

14) A. Thurn, S. Huynh, S. Koss, P. Oppenheimer, S. Butcher, J. Schlater and P.
Hagan, “A Nichrome Burn Wire Release Mechanism for CubeSats,” In The 41st
Aerospace Mechanisms Symposium, Jet Propulsion Laboratory, 2012, pp. 479-
488

15) K. Nakaya, K. Konoue, H. Sawada, K. Ui, H. Okada, N. Miyashita, M. lai, T.
Utabe, N. Yamaguchi, M. Kashiwa, K. Omagari, |. Morita and S. Matunaga,

“Tokyo Tech CubeSat: CUTE-I-Design & Development of Flight Model and Future
Plan,” In 21st International Communications Satellite Systems Conference
and Exhibit, 2003, pp. 2003-2388

16) W. Blackwell, G. Allen, C. Galbraith, T. Hancock, R. Leslie, |. Osaretin, L.
Retherford, M. Scarito, C. Semisch, M. Shields, M. Silver, D. Toher, K.
Wight, D. Miller, K. Cahot, and N. Erickson, “Nanosatellites for Earth
Environmental Monitoring: The MicroMAS Project” , AIAA/USU Conference on
Small Satellite, logan, UT, 2012, pp. 206-209

17) R. Rughani, R. Rogers, J. Allam, S. Narayanan, P. Patil, K. Clark and D.
Barnhart, "Improved CubeSat Mission Reliability Using a Rigorous Top—Down
Systems-Level Approach", In 70th Annual International Astronautical
Congress, 2019, pp. 1-18

18) http://www.hanbittni.com/

19) https://ect-cpg.com/

20) H. U. Oh, T. G. Kim, S. H. Han, and J. K. Lee, “Verification of MEMS
Fabrication Process for the Application of MEMS Solid Propellant Thruster
Arrays in Space through Launch and On-orbit Environment Tests” , Acta
Astronautica, Vol. 131, 2017, pp.28-35

21) S. J. Kang and H. U. Oh, “On-orbit thermal design and validation of 1 U
standardized CubeSat of STEP cube lab,” International Journal of Aerospace
Engineering, Vol. 2016, 2016, pp. 1-17

22) https://www.berkley-fishing.com/products/nanofi|

_71_

Collection @ chosun



23) https://gomspace.com/

24) Structural Design Requirements and Factors of Safety for Spaceflight
Hardware, NASA, 2011

25) https://smap.jpl.nasa.gov/observatory/launch-vehicle/

26) JEM Payload Accommodation Handbook -Vol. 8 - Small Satellite Deployment
Interface Control Document, JAXA, 2015

27) European Cooperation for Space Standardization (ECSS-E-HB-32-26A), 2013.

28) S. W. Park, H. J. Seo, H. J. Cho and G. W. Moon, "The Industrial Trend of
Cryogenic Valve for Space Simulator, Current Industrial and Technological
Trends in Aerospace, Vol. 11, No. 1, 2013, pp. 75-82

29) S. H. Lee, H. J. Jo, H. J. Seo, G. W. Mun, and S. W. Choe, "CISHAZESIY 2
S HAHZL ISXAISAIZE0 CHst DFE", In Proceedings of the Korean Vacuum
Society Conference, 2005, pp. 173-173

30) W. Townsend and J. Salisbury, “The effect of coulomb friction and stiction
on force control,” |EEE International Conference on Robotics and
Automation, 1987, pp. 883-889

_72_

Collection @ chosun



<ol 2l==>

1. T. Y. Park, S. H. Kim, H. Kim and H. U. Oh,

(¢ 7 & =)

“Experimental Investigation

on the Feasibility of Using Spring-loaded Pogo Pin as a Holding and
Release Mechanism for CubeSat’™ s Deployable Solar Panels” , International
Journal of Aerospace Engineering, 2018, Vol. 2018, pp. 1-13

. H. U. Oh, H. I. Kim, J. K. Kim, J. S. Choi and S. H. Kim, "Smartphone
CanSat for Actualization of Real-time Streaming Video Calls Using Remote
Screen Touch System with Shape Memory Alloy Actuator", Transaction of the
Japan Society for Aeronautical and Space Sciences, 2019, Vol. 62 No 5, pp.
256-264

dolel, 2871, MY, L8, S, "ANEEZ E ZH=Jt0HH O
HUIS M SCSky Ml AAE Hg” | st=23=83/X, 2017, Vol
45 No. 2, pp. 154-162

AT ZIoHctE EEs HAA AAE " | SELFAIAZSHG

Xl, 2018, Vol. 12 No. 3, pp. 86-96

WA, s, 2o, 288, “0HUX StHAE AIAHS HEst XM

& P.P.T CanSat AIAE JWY” | st=stE2F&3 X, 2018, Vol. 46 No. 4

pp. 315-323

A8, MHE, 2=, 282, "ZINIZ 236 2x4AEY AHs YA

Ko 2e|&Xe JsEE” |, S2LFAIAHZSIG X, 2018, Vol. 12 No. 5

pp. 69-75

228, s, 2, “HEA HolZE H2d 6l AE/dE ndgE A

S8 BIZEXTC I EH HE' SHELFAAESSISIX, (Accepted)
— 73 —

Collection @ chosun



> 8 gk <H 0O CL F o5 K O 0 R T & g
= 3 o or oF o) . 2 & o &M <I 80 O ., =
- & 0 = = A O ilol x) = = & o O 040
e TR Mo B =MHF° PR | 0
o) = Kk — o] = v A K- - Kk < -
o < ™ = —= m ol up @l — ol — ol ok
S © = O = 0} OF — O & =
= = = mli o = - < mo ~ = 1|
T o = o A_.=._ 1oy N — — O _u_o _;._o _,.H_
(@) Pt [V - T _X_l — < ™ - (an] o __A_l :;_H
< u? myowo RO S oo w8 R i
Z § W w & a s wmg oW - Tw 8 i)
= = W ol = Kk o . ({0 = = o0 ol Y 040
5 & 2 = 2l = = o0 gy = X0 8 = IS)
g 85 o2 I e N o RO W0 - il s
» § N <] ol L M or 3l ok o K4 O ioi or ol
QVuJ % . <] A N . K- © __|o.4, D o Mt I & 3 [0 al
- .8 . @ W WgT> N3y K
gsswk @ ETgp "oy T g g Al
s 2 18] oF o} Kk © 50 M . = ol o ol = = —= M
S 7 5 8 o ok i ) S g Wy o X
° o O - oz Kk -
5 5 o .M I m o L P (P =
- 7 =8 - aj_o 00 ok 00 o< 3 A S S F o 0o
S < 2 M = o w2 o< L i
m - & B = ) 0 - H & w0 K- W K- ol R
© il ml . " H > OF v 0k 0 o H
© 5, 5 o W e 00 %0 0o B o M g KR H 50
8 2 @ Y — =0 = ) < ~ [0 ™ 00 OF 100 mr Ok 3 W.An [0
= 35 S 0 ol NI H = 5 = o= w - = 0 = 2 <
- (&) _.A__”_ - o Th ED m@.n_ T - |_
s 8 = - — o _- 70 . TR u <4 ol . w0 . .
S 8wz A= al 2 o) = 3 ® (s O =T 00
S & SR =@ E o B B o "oa S Wom e B o i
) = m 7 3R SO R oW o . of o i
- .- 94 .no< - = AT ~Ho g Y - w_o - ,|A_|I Ho .
v 5§ =~ 3 KD a__u_@a_aomi@%im_sﬁo&% 0.
S oRmOERGgEZTa=" S8 oW jHr <2< <+
5l 3 = oy BN 2 @ mr Ok or -~ — M o o & = M R < n
> 5 . W S K .2 [ . S ogm N D g i
x [ t 10 - O = N el Tl o o KU
| 2 m o) > Ok m Kok ® = S oo < W W B o @ Ao 0K
AT L S RHE BB 5 AT T R < <H owr <H A <H MM )
AR = R - R of
ﬂFoM = N ™ < ) © N~ © o me —_
ol ur
A\ A\

|7, 10-2084710, filed June 30, 2016, and issued February
_ 74 _

FX

X
o

Zc

27, 2020

Collection @ chosun



Dep loyment

Pane|

“Solar

]
<

nO

0t
)

i)

00

o

v
[

Mechanism for Cube Satellite Applications Using Pogo Pin (Z1)

filed Dec 05, 2019

. US2019/0367194,

1)”

il

29

o0

ol

|OtOICIO

xtOo
S =

I

ak
)
1o

0
30

SO My

0

=i

-

<0
S+
oF
Ky

o}
&)

70
oF

==
m.

2E” 2017

“HA+RC2S Cansat JH

=

XH

b

ol

o

i)

00

ol
£

ok

)

al
R0
oo

w

5

OH

s)

<+

0

| OtOICI

, 2017

Fotoict & 24 MO Z2Zot0ct 887

]

Otd 2

Ot

-

i

0

Hl
1)

0
Jo
ol
K

-

KO0

I
B

g

o0

00
X0
oF
Dl

M

io)

Rr

ol
i3

Y

ol
1)
nO

XFSHEAH”
S HS

“Development of CanSat System with High Agility Camera

2018 AJSAE (Asian Joint Symposium On Aerospace Engineering

‘2018 & KSAS—KAI

9

, 2018 Al 62l

]

&

System
2018) Best Paper
|

=
o
2
[=]

6.

0

00
OH

00
il
i
H
ok
0
o
ol
ol
Wk

Rl
il
0]

el

KO
o}

KJ

g

oJ

_75_

Collection @ chosun



	제 1 장 서 론
	제 2 장 포고핀을 활용한 극초소형 위성용 태양전지판 구속분리장치
	제 1 절 포고핀 개요
	제 2 절 구속분리장치 개념설명
	제 3 절 구속분리장치 구성 및 작동원리

	제 3 장 기능검증시험
	제 1 절 동작성능 확인을 위한 분리기능시험
	제 2 절 나일론선 체결횟수에 따른 분리기능시험
	제 3 절 온도변화에 따른 분리기능시험

	제 4 장 유한요소해석
	제 5 장 발사환경 검증시험
	제 1 절 발사환경 시험 구성 및 절차
	제 2 절 정현파 진동시험
	제 3 절 랜덤 진동시험
	제 4 절 LLSS 및 진동시험 결과

	제 6 장 궤도환경 검증시험
	제 1 절 궤도환경 시험 구성 및 절차
	제 2 절 열진공 시험 결과

	제 7 장 전자주사현미경 촬영
	제 8 장 결 론
	【참고문헌】
	【연구실적】


<startpage>14
제 1 장 서 론 1
제 2 장 포고핀을 활용한 극초소형 위성용 태양전지판 구속분리장치 8
 제 1 절 포고핀 개요 8
 제 2 절 구속분리장치 개념설명 11
 제 3 절 구속분리장치 구성 및 작동원리 14
제 3 장 기능검증시험 20
 제 1 절 동작성능 확인을 위한 분리기능시험 21
 제 2 절 나일론선 체결횟수에 따른 분리기능시험 28
 제 3 절 온도변화에 따른 분리기능시험 31
제 4 장 유한요소해석 34
제 5 장 발사환경 검증시험 39
 제 1 절 발사환경 시험 구성 및 절차 41
 제 2 절 정현파 진동시험 45
 제 3 절 랜덤 진동시험 49
 제 4 절 LLSS 및 진동시험 결과 53
제 6 장 궤도환경 검증시험 58
 제 1 절 궤도환경 시험 구성 및 절차 58
 제 2 절 열진공 시험 결과 62
제 7 장 전자주사현미경 촬영 67
제 8 장 결 론 69
【참고문헌】 70
【연구실적】 73
</body>

