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A SNIPE(=Z2H CQA; small scale magnetospheric and lonospheric plasma experiment )2 2|
(BUS) HA LISt JHL 20l CHal 7 I&SHAC SNIPEE X1t 39 2324 UAXC=Z EEs)|
Lol 4717t HOH[HS ebotH, M| HoA @5 S2A0 P ¥ 2, TI2|0 EjeF Xb7 PRkt MR}
S AR HelS A0 BB AT 7172 Zla 670 0[dQ= L2lES =017| flch ARRISE
2(EQM)ZH BIAZH(flight model, FM)CZ L0 JHLSIACE. SiM & 47|2] HIARHQ| THLS =5}
1 LFANFE BF OFR] SNIPE= 20239 LA O F0IC. 2 =F0M= YUAIE A= SNIPE 21
X2 A 8 JHY IFEE AV, & SU0IME 24501 U 3 2t 6Ug =A™
WOl R &L A=7t HIIE 7|CHetct.

Abstract

In this paper, the contents of the design and development process of the 6U micro-satellite Snipe (SNIPE,
national name Toyosat; small scale magnetospheric and lonospheric plasma experiment ), which was
developed to observe the near-global space environment through polarization flight for the first time in
Korea, were described. Snipe performs transversal flight to observe the Earth's surrounding space
environment in three dimensions, and aims to simultaneously observe the space plasma density and
temperature in the ionosphere, as well as temporal changes in the solar magnetic field and electromagnetic
waves. In this way, it was developed by dividing it into a test certification model (EQM) and a flight model
(FM) to perform the actual mission for at least six months, away from developing a cube satellite for short-
term space technology verification or manpower training. Currently, Snipe, which has completed the

development of a total of four FM and completed all space environment tests, is scheduled to launch 2023.
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In this paper, we introduce the design contents and development process of the Snipe satellite body ahead
of launch, and hope that it will be a useful reference for the development of 6U-class micro-satellite for

full-scale mission in Korea.

Tl : 229, 9FU, Heju|3y

Keywords : nanosatellite, space environment, formation flying
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Fig. 1. Bus system architecture. CDHS, command and data handling system; AOCS, attitude
and orbit control system; EPS, electrical power system; COMS, communication system; STS,

structure system; PS, propulsion system.

149l ¢ 4719 f1de] Fo &2 Fof Adiu|FE FASHAY BE WAas] A%
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Table 1. System key parameters

No [tem Parameter Remark

1 Mission orbit

500-600 km Sun—Synchronous Orbit

2 Mission lifetime 6 month Designed for 1 year
3 Total mass Max. 9 kg
4 Propellant mass 1,314 g R-236fa
5 Size 100 x 226.3 x 366 mm 6U cubesat standard
6 Solar array type 2 wings (about 200 x 300 mm

for each wing)
7 Solar cell Triple Junction Solar Cell AzureSpace

(8 x4 cm) x50

8 S/A power generation 20.38 W (@EOL) Orbit average
9 Battery 40 Wh ClydeSpace
10 Bus supply voltage 3.3V,5V, 12V, BAT

11 Battery DOD 30%

12 Thruster total delta-V > 50 m/s
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Table 1. Continued

No [tem Parameter Remark
13 On-board time accuracy ~100 ms

14 UHF uplink frequency 436.50 MHz

15 UHF downlink frequency 436.50 MHz

16 UHF uplink rate 9.6 kbps

17 UHF downlink frequency 9.6 kbps

18  S-band uplink frequency 2,097.50 MHz

19  S-band downlink frequency 2,240.84 MHz

20  S-band uplink rate 1 Mbps

21 S-band downlink frequency 1 Mbps

22 S/C RF power 1W (UHF) / 1 W (S-band)
23 Mass memory ~16 GB

24 Pointing accuracy Less than + 3 deg (30)

25  Pointing knowledge accuracy Less than + 0.01 deg (30)
for Roll & Yaw

+ 0.05 deg (30) for Pitch

26 Sensor MEMS Gyro (1 EA),
MEMS Mag (1 EA),
ASS (3 EA), ST (1 EA)

27  Momentum dumping Within 20 min , Period: 1 day Normal mode

2.2 CDHS

2.2.1 215 QIHH0|A

EA| AAEE doks HE 719] B4l QIE o)A CAN, 12C, R$422, UART 5o& +
d9t} CAN2 500 kbps &2 131, 12CEAL2 100 kbps 2492 =11, RS422= &
A dlo]e] th&&E=(payload data download)g I3t 1% SA41 QlE|Hlo]A & wEz-E &
I} 2=87]|9] glolg QlEHo]A(data interface)®E ARRETE Table 2= ZF AHA|AHY
OBC(On-Board Computen)Zt 841 AE|Ho]A(interface)& 2§t Ao, Fig. 2+ 24
A7) A2"9] EF o]0 5otk
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Table 2. Signal interfaces

Interface [tem Remark
CAN HHMA], S-band &4=417], UHF &2417], S-band 500 kbps
QtELL, HO|2= ZHEH, IRIDIUM 25
I2C  Chl Gyro MM, RFEHIN 100 kbps, OBC LHE MM
Ch2 EPS HE, HiE2|, XAFIEF, UHF 2H|LY, 100 kbps

EHQIRIX| Tt FIHEE

RS422 H0|2E HEE(921.6 kbps), S—band
2M7|(921.6 kbps), HHEH22(33.6 kbps),
Z27|(33.6 kbps), Umbilical port(115.2 kbps)

o>

UART GPS 41A(9.6 kbps)
ADC LA 12 x4
Ethernet Umbilical port 100 Mbps
GPs |
— m antenna
Deployable Solar e 5V
U Panel MTQR
BCR
RWA <&
Body Attached == 0 518 i
4]  Solar Panel . 33V
133
Battery 33 6kbps(Rp422)| GPS <
abE R E—
PIRO I
5 Analog
T ASS
33V, 5V, Vi
3 115.2kbps(RS422)

|
22]

100Mbps(Ethemet)

500Kbps(CAN)
T

Iridium
Antenna

BOOKDDSA\‘CAN

500Kbps(CAN;
921.6kbps(RS422)

¢ yYov

3l UHF S-band |3V -

& Iridium < transceiver transceiver Umbilical
port
Ve

SsT GRM -~ aaysv UHF Sband | 1v

—T* antenna antenna
MAG Payload |

computer

Fig. 2. Electrical block diagram.

2.2.2 ™3 QIHH0]A

A Eaf gL F 44do] o, 7 Hde] AU 33V, 5V, Vy,, 12 Volr}. 18|t
7 AL A Aol FaEe Adat A90% WPl 28l on/off7t AlojEl= G E HETh

UHF 54171, OBC & S0l == 52t Al 52k sfiok sk HEe2 A A9
Ado] dgo] HaL, 11 98] RESE 914 ol wEt A T2 dfiok sh] wizol A9
) Ado] dgo] €t 7+ A AdE FE] T2 Table 33 &t

FEAAO A TFE FHEAA HEo HFEQl PC104 28 AYE(connector)S £3|
o]FoiAu}, SNIPE 184" 6U H=o] =717} =9 2flo] F531H= PC104 28 HUlE
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Table 3. Power interfaces
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Vbat ENQITRIE THEE
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A M SW1 (12 V) =7
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SW3 (Vbat) Ho|2E P&
SW4 (Vbat) HAE &
SW5 (5 V) A
SW6 (5V) S-band &==¢171, S-band QfEf|L}
SW7 (5V) HHEA
SW8 (3.3 V) GPS 4IM
SW9 (3.3 V) UHF QfEfLt
SW10(3.3V) QIE{HO| AR E(PIRO QIE{H[0|A)
o sE= AA AAF RO HeFHo] golskA| Yt olof SNIPE 914> A= Qe o]
A5 9% 29| QIEFolA HES HA AEste] A Fo] Z-EsigiH. IEHelA K
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of] ZHfslF= ATE it IEHolA HuE S8t A4 A Fui= Fig. 33 Atk
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Fig. 3. Power distribution via the

EPS & Battery
OBC
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2.3 EPS

2.3.1 9 HA

SNIPE 91449] 5 1+9] HAl(power budget)> HE HwFCZ 12.5 Woltk. Table 4= 2+
A7 TAeA SNIPE 91/39] o] HAl HIlE HojEo)

AAFE uhe] #3lof wet SNIPE 91/d9] iR F4-2 Fig. 49+ o] ANFe=r 2
Hlom AR He] =3l 2= 52 AR Fofo] oA Al Bt AY Ak
o] 20.38 W& Alkt=|o] 48] e thu] 83t M-S SHsie)

ol ox

2.3.2 M3 78 2M(Power Balance Analysis)

9] 2 T A9 S gRlsh] St AE «E A4S sk FEL4Ee] 7
1719] A9l LEOP(EARE 27129, launch & early operations phase) T
Ao A9l oFgAo] mjQ- FQ3te g A% AT HE(tumbling) A&ol|A9] AFtFS
A FRlsilth "HEDS 24 $08 £5-10%/sec?] £=5 7HYSIIAL ojufo] Mg
2 OBC, AZA|, UHF $5:417], AFEA(magnetic torquer) 5°] S215H= A3 7145}
o] 4.9 W= A= 3 ‘3} HE9 £ 2 7] AAE TR AAste] F 100812 AEd
ojdE FYIAL, 1 % A¥he Fig 59 At 1IE F 9% I L 35 450

0
oy
~
2

40
of
o

Table 4. System power budget

A AHE Subsystem Power W]
SRR SDR PDR CDR
Bus EPS 0.99 0.85 0.9 0.9
CDHS 3.3 3.63 3 2.4
AOCS 7.37 7.92 4.64 5.31
COMS 1.67 2.89 0.58 0.58
Payload Payload 9.57 6.22 3.64 3.31
Total 22.68 21.51 12.76 12.50

SRR, system requirement review; SDR, system design review; PDR, preliminary design
review; CDR, critical design review.

.. .. —”—.—
e
JE” N | —
_l_ =0 —
— :
—l— X

Fig. 4. Configuration of solar panels.
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Fig. 5. Result of power balance simulation — tumbling case in LEOP. LEOP, launch & early

operations phase.

HZ(norm) Zo)T, QEZ I I 7k A0 g AlEE HojZoh J#mold nE
Ao wjEla]sh Al7ko] Auo] el 2MET 9SS Folst 2 91T, o HEe AeolA
An|AES 2Tlsls Aeo] PAkE| T Q1SS ojulsith

87 YELL 1= HAE Q] 2oo] HieiAE 2 meE A AHERS Table 59 2
o] 7% ¥, Fig. 6} 2ol 51 5219] 7MY LA Q5 AAste] 7 mEb e A
T 2853l

(]

an

Table 5. Power consumption at each modes.

Normal SST Ground  Momentum
Mode Standby  Normal ) . ) Maneuver
(eclipse) mission contact  dumping
Power 9.74W 12656W 122W 13.16W 242W  10.66W 11.64 W
consumption

SST, solid state telescope.

Eclipse

-
9]
[=
3

normal_eclipse

i

ST normal_eclipse

normal_eclipse

w

»H

ground contact
standby

ground contact

SST

normal_eclipse

normal_eclipse

H

ST normal_eclipse

5
6
7 normal_eclipse
8
9

normal_eclipse

10 maneuvering maneuvering

11 normal_eclipse

normal_eclipse

13 normal_eclipse

i

i

momentum dumping

Fig. 6. Operation scenario for power balance simulation.
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Fig. 7 912t 22 LIAUY & 2832 o] viE g SHGEHE Hojer
193} Zo] wijE P9l SAFET S fAES I & Q1A XY DoD(depth of
dischargel= BERE 520 25% ©lotdS &Rlst

2.4 COMS

SNIPEQ] 41 A]A”S UHF band®} S-band® 7€ttt UHF tgS 949 293 =
UE RS 95t AMs/dEHED] ] $541S 8 Aol S-bande 9148 &9 T A4d
9AZ4 “dHlhousekeeping) HIOTH 9] playbackdt Ho]=E HEA A/dE JHFH|o]
9] $A4IS 5k Aotk S-band FA] FAEE oftjgl £A1% 7Rs3A S-band $54171=
AME FAE 3t oJEredundancy) 715 =333t} UHF tHe2 47]19] $4d0] ZH9)
Fulg ARESHAT S-band= 4717} SYeE S ARESIT) Table 63 Fig. 82 72}

SNIPE 9149] &4l F2 7189} $4l Al2'e] /442 Hoj&Ert

ol

¢

o

rir

2.5 AOCS
AAAA 2 A|ojr| A8 attitude and orbit control systems, AOCS)S %7123 21} g+
7 ule Sl S It RS gRdith 27189 SHAAL WAL o) ASE
1 f 1 7 s 7“;‘““
AN AAA AN
EERERERlIE [ | (1] [
|‘|||I‘|‘||||“||||‘\\|\
sRIATRIRIRERIRTRARE AR IR VAR
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\ |
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L/ R 1
REREARURARRE
I | | ]
Fig. 7. Result of power balance simulation (charging state of battery).
Table 6. Communication links of SNIPE
Downlinks Uplinks
Data type Telemetry Payload data Command Redundancy
Band UHF S-band UHF S-band
Frequency 434.45/436.0/ 2,240.84 434.45/436.0/ 2,097.5 MHz
436.95/437.8 MHz MHz 436.95/437.8 MHz
Data rate 4.8 kbps (GMSK) 1 Mbps 4.8 kbps (GMSK) 1 Mbps
(QPSK) (QPSK)
Required link >3dB >3dB >3dB >3dB
margin
BER <1E-5 <1E-5 <1E-5 <1E-5

SNIPE, small scale magnetospheric and lonospheric plasma experiment.
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Fig. 8. Configuration of communication system.

4|(detumbling)?} FHAl A Aitol| Golstes HjFA[RFe] 7Fssfolet gt A7
Holl A= SNIPES] EAA] 5 shel SSTE A+ A1 WE e} JAS 4= Qlojof 5,
|3 floto] 8719 EAF WRkS sk WY WRko g HET & Qlojof Bt olF
flste] MM oPdETL HiFAIA, AR AlA, Aol Z(Gyro), B 3471 9 GPSE EA
skl 9lom, F=7|2E X7 EH(magnetic torquer, MTQR)2}F HHAR]- E(reaction wheel)

ARt Table 7- SNIPE AOCSOll AR&H A4 A 5719 AIRAL 9 £33t HIAE

o
=2
£ sk

|\

Table 7. Sensors and actuators of AOCS and test items

Module Supplier Supplier test KARI test
ASS Domestic - Performance (simulator) - Interface check
(Sun sensor) (DSW) - Environment test - Axis test
MAG Domestic - Interface check - Interface check

(DSW) - Environment test (w/OBC) - =24 test
- Noise analysis
Gyro Domestic - Interface check - Interface check
(DSW) - Environment test (w/OBC) - 34 test
- Noise analysis
GPS NovAtel - Interface check
- =24 test
- Simulator test
Star tracker ZI0|2AH0|A - Function test (simulator) - Interface check
- Environment test - Field test
MTQOR Domestic - Interface check - Interface check
(DSW) - Performance - 34 test
- Environment test
RWA Domestic - Interface check & function test - Interface check
(Revolut) - Performance - Function test

- Environment test

AOCS, attitude and orbit control systems; MTQR, magnetic torquer.
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AOCS Rt /g thadt Aok WA IAF 270 2% 4] meet oA 27] B
AF BE7t ok F 7H] BE9] Fe7)e B MTQRO|H A+ A71%<] ¥sts 7HhA
7] B-dot Alo1E B3 ZH& = 34 o]F, ofdE 1 H{FAIN Y P E TS ol8a
2% HFAFE s3It

Yut EoflAf= ENHE B (extended Kalman filter, EKFYE -85 Y ANZ2HS &
Y3ttt EKFE Alo|29] M4 kS 7|gko = 7t Alxe] ¥E #5 Ziaks &8oto] Bt
gt AA9 & 12|01 Aol 29| HiolojA(bias)E T W F47] WEEE Rl
w2} EKF WollA &-8-5= AlA7} Fig. 99} Zo] gzt

AAAol s Pl wE AgRE ] gy o]fofl= TUSH HHERE EE B3l AlotE
Sgeitt. vk o] E3-2 71241 FEYA(quaternion) H]#H-Tpropotional-
derivative, PD) AJ017] FHE A=, AFHEAO] 2jolE mEiste] 35 AFRS 4=
gt 3710 R okl ot WAk O] &= RSHE W[5l flsto] MTQRES &3 =il
d g9 Z=E 713 QJtt Fig. 10014 Alo] 24 555 TASHIT

Table 82 SNIPEC] &% ApA|AI0] HEo} oA 2t oA AMGER= Al H 5715
UrEtTE SNIPE ZHA| Alojollis 7124 02 22715 AMESHA] ¢F7] wiZe]l Table 904

Star r__________________________l
acker Y
Ir bl = L, FEstimated Atlitude
|
Angular Rate
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l MEMS } [ "
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! EKF based on Other
I - >

i I_I
ol
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Fig. 9. Flow chart of EKF for normal mode of AD. EKF, extended Kalman filter.

Quatemign Error Propagator

Attitude Controller
Spacecraft Dynamics

el Speed Control Loop

Outer Attitude Control Loop

Fig. 10. Flow chart of the attitude control logic of normal mode.
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Table 8. Sensors and actuators according to each AOCS mode (1)

Initial Ground contact
Detumbling o Sun-pointing
sun—pointing Daylight  Eclipse
MEMS Gyro O O O O O
MEMS magnetometer O O O O O
Analog sun sensor JAN @) @) O A
Star tracker X X X O O
GPS X X O O O
MTQ O O x x x
Reaction wheel x X O O O
Thruster X X X X X
Attitude determination B estimator B estimator EKF EKF EKF
Attitude control P: Gyro 2-axis 3-axis 3-axis  3-axis
feedback
B: B—dot

O, turn on and use it; A, turn on but not use it; X, turn off.

Table 9. Sensors and actuators according to each AOCS mode (2)

Momentum Safety
Standby ) SST  Thrust
dumping Detumbling Sun-pointing

MEMS Gyro O O O O A A
MEMS O O O O O O

magnetometer
Analog sun sensor O O JAN O @) O
Star tracker Ofx O O O X X
GPS O O O O X X
MTQ X O X X O O
Reaction wheel O O O O X X
Thruster X X X O X X
Attitude EKF B estimator, EKF EKF - Angular

determination EKF estimator
Attitude control 3-axis 3-axis 3-axis 3-axis B-dot 2-axis

SST, solid state telescope; EKF, extended Kalman filter.

7] AL 918 Y BE(hrus)ol e 38717 HejHBe 918 ALgTie Aoz Alof

o= ARSEA Y=t
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2.6 STS

SNIPEQ] EFZAl= #E 6U FEM 42 F8sto] B, 7], Ago] #= 6U FEA
A0l YAok= AR NEEQI W ABAARS 95 BAM, AL 515, A= &
o502 Bos5l| 913t SRS AR5 Za A=A, ARPAE e R T Qo] A
SE A g0l EA=E o] YylokA] goug Hro] gAjo] FX|E ARESHA] gl
TF2A AA7F & &7 (thermal radiaton)?] G FolA k. 121 84 AS v
517] Y3l 6u WA AMNG e FHAA TS 274 F-8sla o™, LP(Langmuir probe)2] 8
BARYE Wokso] A7 EFEA T Sl LPE F-25H3

TFE2AY] 717 F2 18189 6U FZA|BIe 7155k, SNIPE $221717F 24 Sl ¢
A5kl 1 A7) digF 1.50 HEEA 7|51 SIS £2A2] 8 715 27517]0f olof gt
A HEZH G NEE Bt B3 7P B2 AkE A ol= FE7|E APote] £
A2 7/dE o171 S1ek Axgt AR AA=Fstgitt. @AAl= LP, SST(solid state telescope),
magnetometer ¥ o[5S Agol= AgFo] A¥H BEW T Iridium B419] 57373
o] A% % 54 #MA_ro] REo] It} Fig. 11, 12014 Hi= v} Zo], 940 i, 9=
FREZA WE §R uiXof] 12E AN ol f= thadt T
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Fig. 11. Configuration of SNIPE. SNIPE, small scale magnetospheric and lonospheric plasma

experiment.
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S-Band Transceiver

UHF Transceiver /
GPS receiver

Magnetorquer
GPS Antenna

Reaction Wheel
Assembly

Star Tracker

Indium/GPS module

Fig. 12. Figure of SNIPE internal structure.
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4. WHAE Fol] AT 4= U= o] F7] RiE F7to] fUSEE sfig Ao HiX]
SkoATt

5. B5FA7]= ol A9 HiAIsto = AJAQ] Ajto] Qi

6. B4 SHEUE= Gomspace AECE 6U 9/449] 2UH 9bA] 7=y, sl e
50| UHF ¥ S-band HY HEUE sHHE ASHA & 5= 7o 32 &84 2
Z34o] tids] St} i eV BFAA T R FARE

VA d2A A A gAClE R S st HGHIAIEe] E40] LA
gotr] 24 29 dME B3 AAIE RS UF e FEe 2 dFe=
25, ol5S 2Aet AlYF 2 o' AFSIAH 6U FE2EY 544 BAl 2%

il o
SHA At AFRlss A 2A19 FY BET 1A RES ZoRE o] 99| X[HjA]l BET}

Hr}. Table 10914 cfulEA 271 Al ARRJISEAEQM) 2A A9 24 LS

Table 10. Natural frequencies of SNIPE main structure at the PDR and EQM(Hz)

Mode @PDR @EQM
1 171 315
2 257 374
3 416 380
4 515 468

SNIPE, small scale magnetospheric and lonospheric plasma experiment.
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3.1 EQM ¥ FM 7

SNIPE: FellH A4 4% 532 913t 3 243915024 A28 A= 4
o) AAIIZEREQMS A1l Aol TRt ABS S8T 5, MPLDEMS At
HTHFie 13, 0] ZATIIES ANG S 15 G EEE o|gsiel WES
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Table 11. Results of TBT and TMM

TBT hot TBT cold
<3T 22 19
>3T 1 4
Criteria 22/23 =95.7% 19/23 = 82.6%
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Fig. 13. EQM (left) and FM (right). FM, flight model.

UES girt AA] oA o9 FAiAE 2Rt AP Es AHHoR EFO|
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EQM} FM9] &4} 70| T o] ol
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o] AUt ol = 2AFL HIA7|FE0] AFEE FFEHIL oL, AlEl gt AAH
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Table 12. Configuration change between EQM and FM
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Table 12. Continued

FM

EQOM
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H7AH =

80|92 ?f

=
=

FHXE S| LP &2 Preamp 282 =

o
o

S-band OtE|Lt

97

https://www.jstna.org



ZAEAY SNIPE 22X &A 2 7He

98 | https://doi.org/10.52912/jsta.2.2.81

Table 12. Continued

EQM FM
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*
o . | L
e % .o - ) . . .

GPS QtH|LE/Iridium QHEL} 0|52 -X St side frame &4 HZ

FM, flight model.
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Table 13. Test specifications of EQM thermal cycling test and thermal vacuum test

[tems

EQM thermal cycling test

EQM thermal vacuum test

No. of cycles 10

4

Temperature range

=10 to 50C

Stabilization condition < 0.5C/20 min

< 1%C/1 hr for nominals

< 0.5C/4 hrfor TBT

Tolerance -0C/+3C at hot
-3C/+0 C at cold
Pressure Normal pressure <5 x 10E-5 torr (initial)

<1 x 10E-5 torr (nominal)

No. of sensors

26

Reference temperature

Battery

Temperature Range

A Poweron
¥ Poweroff

A FunctionTest

Fig. 14. Temperature profile of thermal cycling test.
Reference Temperature (celcius) A PowerOn
[ v Power OFf
% ] A Function Test
. E : | i 1| II"K']I |I """ \ Ii"' A Thermal Balancing
E ! / |
£ 1 { ™ [ ™| B \ Toaries A FullLoadOn
an { 1 f | |
: | | | ! I| \ f | W FullLosdOft
10 : ,'.I || .II II II I| |I I| :
v { | |I I| | I I \ h
Al A ‘J \ | | f I' | I| waA
E L L T R | | \ | \ { || | o
1 |
1 ! |I I. |I | | 'I / i
. I | | | | \ | | | 1
10 i i I 1 | { | | I| 1
1 | | | | | | | | 1
l | Il | | | I' 1 | !
o : ! f \ f { f | f :
I 5 | | ||. | | ;:II ', | 1
: |I I| II I| |I | |I II| :
-10 L S —d d
: A A A AA
| T FTas FT#8 TERFTEID i
= Vaccum On Vaccum Off
Fig. 15. Temperature profile of thermal vacuum test.
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SAES TAF SollA o1do] Fe 7iEk, s, e B4 stoll A7 dueAE
St Ald

IS Aglolt. BaHel 91T Tl 2aq9e] WEARL WAkl B4 et
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eYsHA Fok. o]z Qlsf 25 7Hlof| vl ¥t ZEskeo] Wi 24P 940l ZHsiAIA
Hk EQM9] X E/\]?‘J% Table 14, Table 15, Fig. 162] WA} @7x70f w2} 2019W =0
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Sohe 22 Al 202190 = S
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, 193 S v, s d e Bt 24P LY ARt e 5
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Table 14. Vibration test specification for qualification level

Quasi static 10G

Sine vibration Omitted
Random vibration 7.4 Grms, 20-2,000 Hz
LLSS 5-2,000 Hz, 0.15-0.4G

Table 15. Random vibration specification

Frequency [Hz] Amplitude [G"2/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
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Fig. 16. Chart for random vibration specification.
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