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ERe ISHUEAD ZASHPIMO! SNIPE(Scale magNetospheric and lonospheric Plasma Experiment)
9| AMIQIZZHEQOM)OI| CHEH LALFEAIE 38 Zit 2 0|F Sl 22 & U= A=Y U= =AY
7L B0 CHS =BHCh SNIPEE 2371835 S et DS BIAMIE X 6Ug ZAFRER
2 4717} HUH[AS ol UFE 3SIC}. Cho| HIDH HIZF M ARMRISEHAS Solf MY A4 &
HES RE8ES ATl oIt ANQIZS RO UAIREEAIRMEZ 20199 1R A[R0] =AU, O
7|8 EAE YR EHES oI 2021H0] 27t AlRFE Q2N 2E AP} SHAZUSS 22!
g 2= QUL = RHQ AZOIM S0 B2 1RF AR LA} 2Kt A[RA2| LARLO| CHECk= HOl
O, 1AF AlE AR Ee| 270 A9 YARHE RO ZAUES 17Foh= 7150] UM LR =
= A SIES0] X AR HSH 2N Z2ZEUCHE FOIC 2 =22 F Aldel &

|
W= LEH EY2 401, X2 Ot 2489 712 dH0l| TS 4~ U= XSS MARIAC

This paper discusses the results of launch environment tests for the engineering qualification model (EQM)
of nanosatellite Scale magNetospheric and lonospheric Plasma Experiment (SNIPE) for scientific missions
and lessons learned for the design of nanosatellites. SNIPE is a group of four formation—flying 6U
nanosatellites with a range of payloads for missions including space weather measurement. We developed
the EQM to verify the preliminary design prior to fabricating the flight model. Launch environment test of

EQM was conducted for the first time in 2019, and all failures were corrected and verified at the second
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test conducted in 2021. A notable point of the two tests is that the nanosatellite deployer used in the first
test is different from that of the second test. The second deployer has the capability to fix the internal
satellite whereas the first deployer just contains and deploys the satellite. Thus actual mechanical loads the
satellite receives is reduced for the second test compared to the first test. This work compares the

mechanical responses of two tests and proposes general guidelines for structural design of nanosatellites.

S0l : BN, ERM, 2094, AARIETE, 24B BT, 2499 1

Keywords : launch environment test, scale magnetospheric and Ionospheric plasma
experiment (SNIPE), nanosatellite, engineering qualification model,
nanosatellite deployer, nanosatellite fix
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5‘%\_"‘5-‘.’4* (Nanosatellite}> 10 kg ©|5}2] =93] 22 FAIE Zt+= g0 = BE H4(1,2]
st BEHA/ASHA 2718 2= 497 diFRel7|ol FEM(Cubesa) 2 2% EdTh
199990] m=9] thgloflA] 2= AR o]E2 20219 FA7IHA] 1,35009717F H= o
Gt =AY Aol WAREITHAL 23719 2439482 1 U0 cm x 10 cm x 10
cm) 3719] FEAOIQUTL AJFto] Xy 11 Ruj7h gPgEo] 1 UE &l Fu=E 755t
FEAO 2715 AAsH HUeH, oo wt 1-3 Ull], 6 Ul219] #z0] ghEo] g &
& 301, ¢ Yo7} 12-27 UBIE 71 w+740] AIRKE Aeoltt. ?HH, FAE 7|E2 & 914

5T 7 9oH, eeolEe BF 24P E A= ES AAE AlEsist

M BAE 270 F2 5% BHo2 Aot B 4U8 9 39 /)% of
9 32 A 97 /14 A2 EREOZE Uel ol FoId)

AL 20064 TFFHOA L FEAL Algo 2 I & 16719] maA
ez UAETHe). SRRSRATAS 20150HE 6 UF B A0S 24994

HiREV (High Resolution Image and Video Nanosatellite)[715 7He3}7] AlZtslo] sH=2d&

U F5oz HSHIFE 2AF YA SNIPE(Scale MagNetospheric and Ionospheric
Plasma Experiment)8lZ, 949 EXFozZ F7|& HES 9ISt KARDSAT(KARI
Rendezvous/ Docking Demonstration Satellite) Z2HEE- 4=8§ F-0]t}H9)].

SNIPEE= el BEHLE 6 U F49 24ag9doltt 5 522 Ad/Ar]HY
At SSpRn FERE0| AF7H H3kE BEShes 20 2A olF fisto] 47]19] 914do] |
MY sk 245 5= AR 2 A7 9] @49 s1H BiskE 35 4 qlth 201749
K o] &<psto] 5|9 AE AA 20224 o HARE oot = T 542
913t oFet TS FEAALE A 71EHTS At FEAAE AAska Qi A AR
7+ 67l ol AR HHSE2 1dolrh. 1181l A Asshe vt AA1S] Ay
T floto] A/E BFHA TS ARGt oH, HelH|gE: Skt A= W 549 57
2311 Qlok. Hom[gS ffsl theRt WA1Y] HR|g) darEjEE A, olE s,
NASA cFS(core Flight Software)g 7]8F0.2 W& H|A|o] AZE oS AUsITHIO0,111.
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HAAE 23 9149 8 U
P 71 S0l g2 7] T
A @Y B A 7H‘ﬂ*—4 % Pﬁﬂﬂ g Zo|ch
BAHoz 248949 4 S A/ o2 ASEEY P (flight

model)ol AA|skE 4] 6J;‘E%](proto flight model) 7 H=2kS Aeicl= Aol Lrkdo]%]
Tk, SNIPEE 4719] B8 Az A A 9 o] 2 QIgt AAHAS |4sler| floto] H
9 Al U AHES A= AJAQISE D (engineering qualification model}S AI2F51c).
AARIZEES Foto] duldAE 13} AFS ERlsta, 0|2 UHE BARE AAAA-
Hkdste] 25 ASstaAt st
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< Yt HABAAIHOA HAE 13 SAES Ad T ol A 285
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ol =553t
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2. 28

2.1 SNIPE(Scale magNetospheric and lonospheric Plasma Experiment)
o1 M

KE|A AFsI50] SNIPEE SUE FAto] 994 47]71 Hoju|S o 9= 3
A= Sk 240l F dFEHAAIR 2odA] dAF HE7 (sohd state telescope),
A A|(magnetometer), B5H0] B (Langmuir Probe)?] 37[0|H, o]& 2 AA| ZE

Stk 187 7)EAE89) BEAAZ Iridium SA12E, GRBM(Gamma Ray Burst Monitor)
o Slth. Al dF S B2 AES FF5] flsl ANF/[EAFRS SR Te
2o, A= WS 2% 9712 7 Atk F A= g 10 kg Fkolch

214 WA B HAA FHE Table 100 A=|=o] AL HA| F3H141 Fig. 13 .

AAQIEEEL B[P (fight mode)Tt A9 50]3]"/} AIAIFOIERE T4 Aol QU
HPg Ry} 7P 2 A7 AARIFEH = AE 7] ti4l 5Yg dF9] HulE &
&SIt 13 AloflA] HAE wAIE 9 O]—r-J I ARFES 22 Al AAIISR
I s e

2.2 WAL

rior

A e7xA

24990) RS AASt AEHS B o 94T the WaloR $o]
At HelsiEo] FEAGS 1 27 e FAstElel UL, ol A e uehe
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Table 1. Subsystem and units in SNIPE

Subsystem Units

CDHS(Command and Data Handling System) OBC
EPS(Electric Power System) EPS board

Battery

Solar panel
AOCS(Attitude and Orbit Control System) RWA

MTQR

ST

ASS

GPS receiver

GPS antenna
COMS(COMmunication System) UHF transceiver

UHF antenna

S-band transceiver

S-band antenna
STS(Structure and Thermal Control System) Structure
PS(Propulsion System) Thruster
Payload SST

MAG

LP

Iridium

GRBM

SNIPE, Scale magNetospheric and lonospheric Plasma Experiment.

Fig. 1. SNIPE external figure. SNIPE, Scale magNetospheric and lonospheric Plasma Experiment.
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24 EARE] TAF 2F DA Uil ETt fde ARESHe] 2SA R 959
ZA7NE . olof SHA TARFAI A 4 T=o] obdzh, TAREe] S ER JHIE &
Fot, AT A B sle2 T QFe] TARES Fote] AEEh o714 2491
AR U f139] HET AE2 F18 A3 TARE Alelol] mlAlRt 4o] glew, ol
A3 FAA=TE A= QF 7ol vlsh et J5slso] TARE Wite] 2494
of ZFsiAIA k. mEbA ol F=el S Akl f44Y & EES E0)7] fsiA=
AL SRtelE Wi $8S Y 5 Qe 71s0] AR B a5t ofE SHsHA Hols
< AREI7E Bl T 13} DA AT I 22 TARR Aol

AARJISEE ] JAFAIFS A2t FAol g AR 87+29] S (qualification
leve) o2 a5t AlEE 24t SE= 44 7I&E 515 Al¥(quasi-static acceleration),
W A5 Al¥(random vibration) & 7HAIE A&t} &0t 7F(sine vibration)} 9173
o] HA I[HAEH(= 70 Ho7h EAF 3727140 Hz)S B A3lstne FeFsloitt. 574
Ao 44 7IERARAS ALRe] 1A AfFueREn 4 92 Fukae 719 Sine
BurstA |22 o|FoJR|aL 22} AL ol AE3IF o, 12} IsAlgolMe AdE €4
O = Qlsto] FAAH| Eo] E&E]= Half Sine 7|HoE 784 7IEEAIES o
Half Sine7|#0= 42 7E=AI 8 Aol Sine Burst?t €2 9] ¥ & 52 &
G 25l His AR 22 e S e Alde 3 Aok AAAR] Al A4
2 Table 201, HAZIBAIH] AJA| 1142 Table 3 € Fig. 29+ Zoh. 18] ZF ©A9] A1

FE SOl A2He] DS Holo] w2 AAg ol W] Sfat A5E Y@

o2
ol
L
i

Table 2. Vibration test specification for qualification level

Quasi static 110G

Sine vibration Omitted

Random vibration 7.4 Grms, 20-2,000 Hz
Low level Sine Sweep 5-2,000 Hz, 0.15-0.4 G

Table 3. Random vibration specification

Frequency [Hz] Amplitude [g?/HZ]

20 0.02

50 0.02

100 0.02

200 0.05

500 0.05

1,000 0.025

2,000 0.013

RMS acceleration [g] 7.42
Duration [sec/axis] 120
Directions XY, Z
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Random Vibration Test Specification

ASD(g”2/Hz)
N
N

N
\\
N
0.01 Frequency
20 200 2000
Fig. 2. Chart for random vibration specification.
7HIAIR(LLSS, Low Level Sine Sweep)y& =83ttt tht 183154 Wo]&2 shdsh= AlA
o Qb e 24P A 2w gk S glon, fzAe} MISARS Bl HE
Mo ofg Wdh 4+ 9k ol 91 YIS0l gl Bl AN 1 @il

oS AshA hebdet,

2.3 1R} 2AEHZAIY & Hup 2M

2 2BABE 20198 1080 B IEABUKTD $57B A el
THI3L WARe] Sl A8 B3 Al & AL Fig. 33 2ok POl 44 A48
Spao] ob4] ZH|slA) Qigplel 13 A1He] WAL 23k Al Tl olRe Apge]

Fig. 3. Test deployer and test axes.
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A AMESHE ARG TARES ARSI 131 Al 2] HAREE: A2olA A3t HIREV 2
%7{ of2] AldolA ARGRE B QA ©es] 949 o H ARERES BEehe 9T 5%
{ ] H‘I-/UA /\‘c‘éH/H H]—/\}J'_]—o]]:]-_ /\]o-] = 9. H/H_,] /\}E HT—oJ:O] X‘—'—T, 1U x SUIEQ]
213k 9ol Y&, 2 U x 3 UHo| 215 Hijfo| ZFolt} 181l HA&silttA| Al
APgog st #7473 s5Al8(quasi-static acceleration test)®A] sine burst Al A
1} half sine° & A5}

AlY &A1= Fig. 49 AR e S0l disf 5YsHA 38t 3= 55 Al 42 ¥R
QQ W3] half sine, WH AIF0] AR o]FojA|1L, 7} 515 AIF Atolof] &9

TS Ak A4 A9 7H Ald(ow level sine sweep) AlE 0] 4. ¢
Aoz 370 AAE F&ell.

ol
2L

% r

:__l‘
o“d

24 FMaEsts AY ATh) ARG oL X, Y, 75 W £AHE Fig, 553 2.
4o BFo] e (s 10g) ] Heh 8ol Kutshe Z14E} A o] 7}
—aﬁ Atk et EerE TS SRS ] Hlge] 1o] Solof A B £4H 1
E5H5 AOIRHL & 4 YA, o714 Wakle] 7RI SHET R Sle] B 5%
& 21719} Fui47t WolahA thect,
£5] A% PSR 315 FE0] FEalA|y), ol WAL Wi AEEt s 84
o] Gelste, ol 8] A W] $4o] B % apel §o) Hls) o 2]
sehEich Ul A0 ola) U lAdah whakk U Aolel $2o] 9l Ao wad 4

=

- AHE IS AE

- Ag FH|
Low Level . Low Level <

ST Gt Half Sine (+) WSinclsnn Half Sine (-)
|

‘ ‘ - SOHAA

Low Level Random Low Level = e

- . . . - JISAE

Sine Sweep Vibration ‘ Sine Sweep - =y

Fig. 4. Flowchart of vibration test for each Axes.

Table 4. Amplification of response over input load of quasi static acceleration test

Axis Amplification
X 7.96
Y 5.08
Z 3.39
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Half Sine (X) of 1st Test
8.00E401 |
6.00E+01 1
\
4.00E+01 ——v6_HS-
- ——v5_HS-
& 2.00E+01
c
o v4_HS-
T 0.00E+00 — e - - V2_HS-
] ~ '] ; g -~
g 5.00E-02 . g . 250601 o o,
& -2.00E+01
< ——V5_HS+
-4.00E+01 ——v4_HS+
——V2_HS+
-6.00E+01
-8.00E+01 -
Time(s)
(@)
Half Sine (Y) of 1st Test
6.00E+01
4.00E+01
v6_HS+
. 200E:01 v5_HS+
c
5 vd_HS+
‘T 0.00E+00 v2_HS+
@
2 5.00E-02 2.00E-01 2S0E0L o
<
< v5_Hs-
-2.00E+01
v4_Hs-
v2_HS-
-4.00E+01
-6.00E+01
Time(s)
(b)
Half Sine (Z) of 1st Test
4.00E+01
3.00E+01
2.00E+01 v6_HS+
—_— v5_HS+
28 1.00E+01
£ v4_Hs+
=]
T 0.00E+00 v2_Hs+
[
2 5.00E-02 250E0L g s,
S -1.00E+01
< v5_Hs-
-2.00E+01 vA4_HS-
v2_Hs-
-3.00E+01
-4.00E+01
Time(s)
()

Fig. 5. Quasi-static acceleration test result for first vibration test. (a) X axis, (b) Y axis, (c) Z axis.
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how), ol o 71 49| TARSE RN 4 SI5k et 2 Fakas o
28 17 15050 1/3 B9l 25 He HEQ Hh, i S
A ofz, dmch PN 2 Ful SRS, = Y] A7 7

SHE HYG B v yprol 94 wA Rl FA0= 3 Agoletn 44T 4
Qe

ol WEH FHY Ao RE A4 A Holl: 949 TIAH SRS dEsh)
ol the 2 ofnjsiu, s WARe] S lAUZo] At R4 W R 2oy o
Aol 71 de] BGET Ichs A Dok A AL $ote] 2439)ge] 27] Ao
T AR BHE 7olsla 9S 7RsAS ojujsit) HIE 949 27]edd ATsltgE 9JE

Srgolt v 5] vl Aldfet JFS vld ojAw wiAlek S gk,

q&& A=z AT 7PN AFSoltt EAFZQl 9149 Aol ga] 13} A|F]
O s B R G| “‘ﬁon ofufgt HET} BE DRNESR] ¥
o7} A8t} Table 5= A RECHY Y 14504 € 5 HECH 2 $9E 2E 2
FFIR) T IR BRY 143054 W] Soldk, iyl of7]4] AFet HA BE 145
Tt A DREEET Bl o2, T Ful SR JejmelMt & 4 9
A Fueeg 2 HEE OlﬁﬂEL T QA AA TIsART S AARE 75 A"
AlLIstal= ool §I%E= HeIstH 2 ASIRSAIA Ato]9] ARt ol o o
= Wk B4R ‘%“ﬂ% 243939 AFole A&7 ok SAHR] AldelAM
AT Hol7E 3%CIH e WE =EA ool fittal 1ehe Aklsh 24994

AEAIe] 4ol 74

rr

T mlo

9O o} A O
= ¢ 5 Ak

W 7H Al A3b= Fig. 63 2ok WY TS A 254 A1E Aaet BlsobA It
ToF 3ES HYS & 4 Ut} E9] o] 42 A SEHE B & 5 e, AFue]
Asls the] SEoks vlFe] 10 7PRe-ma o]240 2= &515-2] ASD(acceleration

Table 5. Natural frequencies measured in LLSS of first vibration test

X Y VA

Lowest Initial 78.00 94.30 72.58
mode Half sine (+) 97.97 95.04 70.88
Half sine () 83.93 97.19 71.05

Random 84.24 105.35 70.43

Shift 19.97 11.05 2.15

(%) (26%) (12%) (3%)

Main Initial 476.44 166.44 96.64
mode Half sine (+) 472.71 167.72 105.88
Half sine () 470.19 163.69 92.96

Random 471.24 173.46 98.15

Shift 6.25 9.77 12.92

(%) (1%) (6%) (14%)
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Random PSD (X) of 1st Test

1.00E:01 ¢
1.00E+00
1.00E-01 |
N
=3
€ Looe02
C. ]
=1
d
a
1.00E-03 |
1.00E-04 |
L00E-05 L Frequency(Hz)
2.00E+01 2.00E+02 2.00E+03
@)

Random PSD (Y) of 1st Test
1.00E+00
1.00E-01 F

~
I
S~
< 1ooeo2 |
So ST
a
wy
a
1.00E-03 |
Frequency(Hz)
1.00e04 L
2.00E+01 2.00E+02 2.00E+03
(b)

Random PSD (Z) of 1st Test
1.00E+00 . !
1.00E-01 |

N
I
S~
S 1ooE02 |
So T
a
d
o
1.00E-03 |
Frequency(Hz
Looe.0a L quency(Hz)
2.00E+01 2.00E+02 2.00E+03
©

Fig. 6. Random PSD(Power Spectral Density) result for first vibration test. (a) X axis, (b) Y
axis, (c) Z axis.
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spectrum density)2h HS3t SEHS Bofof s, 4%t o] ASDE Yenct Al Ack
L A2 & % itk 5] ofefat @S Fig. 69 (@)% Tl X3 W 5 HH A
W oS Fee o 4 gloh aubd u B9 WAk} o] B2 $14 Aol
o= 232 ol Ok AES Slol 19 2L 7hao] AT el girk. ol ol el

H Ko] 93 7}21011 ARH R ZHe P 250 e 219 Rolsle] olehe} 2

232 A4 28 A 24 =3

X, Y& HF AAEL 715AIE R |31 AAF B ool gt #AIE ld A2 7%
ASAACEA, Fig. 74" 75 WA olFof A/E s FAxT 1712] AW ](HRM,
Hold and Release Mechamsm) 17 #o] &8 SIS, o|= QIS BFHA T 2 Al

F Aol A9 T A= 4 AlEo] HA| Y= @Ado] Ak lﬂ—l—-’ Sl
H AT E@“‘?} 0] AR mgo] Al &A4to] THEE QI

n?ﬂ

3 Fig. 84¥ R olgE £54 B¢l Fo] YE E 0= QIgt A4 o|gkg Yot
Eolgt 2 A FtollA AFeh 117 o] Ed BFARTRE 0|59 A FAIRE &£4do]
= W, & E7o] QI W] BjordR|whe Fig. 99F 22 SHFO] Al &40 ok

Fig. 7. Failure of the HRM(Hold and Release Mechanism) string (right) and unexpected

deployment of the solar panel (left).

Fig. 8. Failure of iridium module (right) and its original picture (left).
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Fig. 9. Scratches of solar cells in undamaged solar panel.
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Table 6. Amplification of response over input load of 1st and 2nd quasi static acceleration test

Axis First test Second test
X 7.96 1.33
Y 5.08 1.21
YA 3.39 1.07
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Fig. 10. Quasi-static acceleration test result for second vibration test. (a) X axis, (b) Y axis,
(c) Z axis.

332 | https://doi.org/10.52912/jsta.2021.1.3.319



J. Space Technol. Appl. 1(3), 319-336 (2021)

Table 7. Natural frequencies measured in LLSS of second vibration test

X Y Z
Main mode Initial 239.00 119.78 179.31
Sine burst 240.33 120.45 177.34
Random 228.67 124.51 158.78
Shift (%) 10.33 (4.3) 4.73 (3.9 20.53 (11.45)
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Fig. 11. Random PSD result for second vibration test. (a) X axis, (b) Y axis, (c) Z axis.
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