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Since it is difficult to predict and adjust the test level (shock response
spectrum) in shock tests of spacecraft components, improvements are needed to reduce the cost and
risk of spacecraft development. Therefore, we conducted research to establish a prediction method
that can be used easily at the test site with high accuracy, and a test level adjustment method that

can be adopted inexpensively and universally for existing testing machine.
The proposed prediction method using the substructure synthesis method and the method of adjusting
the test level by inserting a "adjustment structure"™ between the specimen and the testing machine
were shown to be effective in the test tolerances commonly used in spacecraft components shock
tests. This method improves the test quality of shock tests and contributes to the cost reduction
and reliability improvement of spacecraft development.



¥ X C—19,. F—19—1, 2—19 (58

1. ERBLYFIOLE R

04 N DB ERAEE, FEESEO K E S RV, 7T SO R TIISEET S A AR NF
BT HEESC, REFTBEROOT AT RV X —NERIFICHRE SN D Z 12X D K& R lEgENn
AT D, O, FHESEEIIEROMEZ > 2T AMIARNCHER T2 LERH 5. #HBi#
PSR R OB BRI, Bk o 2 NHIEE 72 DA 1 > X7 FAGEREBRE (K1) 72 EOEREE
AR R FIETREET 2 FIENA VLN DR, 2 b OFETIE, EERFR L OER 2 (s S
BHEEDONTN L NEREOFEE L TR, HRIEEZRBREEICEDED 2 ENNET
HbD. TOED, FHRIZA—R—=FT A 2 AL TZIFTANTHEREE (K2) THY, F—
— 7 A b & RLEU 72 R S R Bl R AR B 0 E e,  RRERAHINTIC X D FHRTRIED A X
v (EALT7 27U TO—FBA) [CERY, BREERFHSTRYORKE R, BENRa A
FMEEZEWTWS. 22T, HRABRILEOM FIC X - THRIEHERT = 2~ OfIE & S -
WZET 5L, BERBRIEOME - BIRICE MHieZ & & LT

Over-test

\ ____________
1.0E+05 ? =
\\
1
1
€N 7
4T, . !

LOE+04 o="" 753

Lifting
wires

< -
-
————

N ] e S

Shock Response Spectrum [ m/s2 SRS |

1.0E+02 i
100 1000
Frequency [ Hz ]
1 WA O RRERE DB 2 F—I\—FTRDHI

2. IROEM

BURIS < AWV STV D RBRIETIL, HBRIGE AT T A (SRS) o TRl & [FH%E) o
EHLLHEMNMAZBETH Y, FHERBRO P CIILEAIKa 2 FTiThihvd [ FRZ2 0T 72<
7o B ChH DA TIL, S A FeRBRER 2 HHICEAT D Z L3 — R H
L. LLEMNS, ARBFZE T, BEAFORBREE (222 CULA M Al e 72 BN A A2 k
T LAOFETIE L, RBREE CE A iRl S T FEORS 21T 2 L2 AME LT

3. IRDAE

(1) TBINEARY v T LOFEa v FERE L. ZOFER, BEFEOEERBRE L
BARBIR ORI IRV ME N A T AT [ ) Z2AT D HETHS (X 3). BE
{7 OB 5 L CHRMT TRMIZEANFRIRETH 5.

(2) EROHEEBRIED 9D bEREMITFER L O L LD E LIV AT Z & NES sz
RIS L 2 W E RIS E AT 8T A0 TRITFEEZRTF L, HAETFEEZER L
(4. F7=, PMEED L 2T TITHERFE T AR & RIS 5 FRil T
HFEE LT, MihA v E—F o AEERBE L FELIRE L.

(3) FEOME A L5720, GkGHRFFICHW 2 B 7o ik et Lic. (mEB %k
B RIE TR 3 Ay, [BliE 3 Bl D 6 Gk 5 2 & CIEMRINEZ DL 5
ZENRHkDD, ERE, KR 6 S OINEETGT A Z SIXE ETH Y, EiEN
NGB INE . 2T, EEREI TR OB THO R PR EN S LN 5 0 Fat Lz,

Specifi
Substructure C | gefiniti
point

4 0008
B wRENE B2 Specica o
74y dsﬁ?‘\tl‘\gz 10N (d) Substructure C model (Test specimen)
soint (m) (Test specimen point
\ AN T 8O R
! £ i Substructure B
Z‘E’f% mﬁxﬁﬁi voint (&A Substructure B (Adjustment structure)
(Adjustment structure)
mE; N T 00 OR,
X ¥i (c) Substructure B model (Adjustment st

Substructure A
(Base plate)

GO0 Ry

nt model - ¢
ﬁﬂﬁﬂiﬂgﬁﬁ Substructure A

(b) Substructure A model (Base plate)

3 HEBRLAILREEI T 4 BRITAGEETIL




(4) — A7 A Xy N AR S LA I HE i AT RE 7o T 2 R 2 L 7.
ATV IR 2 BLCAR—Y ZEHOHEETHY, AN—F DO ELMEICEL ST
IRV 2B S 2 Z L0k D, A=V DM EOHETITIEFICEL H DD, IR
2 RSB SR Z =3B A RERKROND (X 5).

(5) “FHIAZEHFZCRE TSRS (JAXA) B FH v ¥ —O KR AR A (K6) 2T, &
BROFHM =2 AR — 3 MEEET VERRIZ, FHRRBREFOERRBRLM2WMETE D
EBIGE AT 8T LOTFH &N RETH D0y, BT T L & FEEORER THR)
M2 FREE L7z,

5 RBREER 6 JAXA FEE1E R

4. ARBER

(1) GAGEHE CHERT 2O MRETTIL, mERIEE Al 2 F O T s (R4 s | 2 3R
ETRAT S SRS ZHFHANCTHTIHEIC, EHEED L S RSOV TERELT
5 REPHEEBIEET A Z AW THE L. RO L 9 R FIES A EERE T LT
WZAEHERR Sy D DA TIEFHEE O ENREERIGENH D Z ENynotz. —7,
EEROFERBPHE AT LT IO TE, RBREEERIT R THY, F 125
May R— v FERBETHEVWI L T4 X2 — a3 ThY, EEESTE
TRy N KLY & 22 D720, B EZHINT DT OH T 43722 Tl T
ELZENHA L. ZAUEEBROBERRBR CHREEE ZE X2 DN D, B CERIFE A
® SRS % TR DA, EBREIINGIMOLDEERBEZREGL, AkT DI Eick-o
T, FEME &G 2N S TPRINTRETH D Z EavrEniz (X7, X8).

Vil x . i : i
'\I/- Joint point 3 Observation point 2 Suspension

Excitation point \ beam
> =2 / Beam section - \\ “

g —— zsll R \‘
Suspension s \ T’s x Joint point
r'd

Q.
beam &~ = Observation point 1 Unit : mm atiol

Observation point 1

(a) Substructure A (b) Substructure B
Excitation point

-
Observation point2 *
N

= \ - SubstructureB=—

=

Sabetrootare A Observation point 1

(c) Jointed model

7 ERESREICAVN-ET L (HERBREERE)
BEABBOAN—RTL—rEHRBAKREZRELBERFET LERAVTHA R EITO-



——OP1 Synthesis Calc. ——OP1 Synthesis Calc.
----- OP1 Jointed model ‘ -----0P1 Jointed model
1.0E+02 || --- OP1 Jointed model +6dB|-————— 1.0E+02 || -—~ OP1 Jointed model +6dB
i —— OP1 Jointed model -6dB ! R —— OP1 Jointeq model -6dB
o Lo Lt o
@ 10E+00 | - I RN O 1.0E+00 |
© = = R4
£ — g 2
7 ] ks
& 10E-02 | i 5 & 1.0E-02
=T 4 RE A
1.0E-04 uili 6 BEESM 1.0E-04
10 100 1000

Frequency[ Hz ]

—85% JSyn'shgsis %allc.
..... 1 t
LOE+02 | 22 0P1 Jointed model +6dB
- === OP1 Jointed model -6dB
@
O 1.0E+00
ﬂ
£
o
& 1.0E-02
coron B 1 B EHEGIHRSHS D 5) &

10 100 1000
Frequency[ Hz ]

8 JAXA B E AR
MIREAF FDAHDFH S TFRIEFEIZENTE 6 BEREHORABRAZE(X6dBRELD

(2) fREBEARRIEC LD PITE L RET 2 EZ VT, JAXA JEFHE o Z—
DOFEAEE RN TC, EREOTHE D VR —3 0 MEEE T L2581, BR%E
BRI DO E BB M 2T TE DHBISE AT T LAOTH EFHENTRETH D
IRGE U 7o, FRERE G D A —H R\ F — B m U OY, EEREI ) 2S5 2 LT,
F—R—F Z | & AT B ERISEARY T LAOTENTHRTH Y, £, FancR
BRAa1T o Z L 7 < — 972 i BR A 7 (NASA DO EFERRER IR N ED 5 +6 dB) & [FAFEED

K CPRIATTRE/ZR Z LR & N7 (K9, K 10).

9 BEARKICABREEERALLRKER

1.0E+05
a 1.0E+04
%
o
@ -
= 1.0E+03 7
2 - RT Shock Test
- —— ocC es
w 10402 ————— ] e R1 Tz Synthesis [
Test Spec
----- spec +6dB
1.0E+01 ===Snec :bdB
100 1000

Frequency [ Hz ]

10 FRBRHABRL AL OFRFER(FRHIR)EKAMEGRER
AEBRAZE (L TORER RISEHBRLALARE>TEY, A DO FAEERAEN—HLTLS



(3) Hg/NA v E—F L AWEE SR LIfEi 5 PRI TEIC O\, ERaB 2 i L7 5
ET BN, ERFEET LV ERAWTEBREEZIT - 72, #2888 LI BRI 0%
DO XER 7R ARBI Ry 2 U, i L7283 O A 2R H L CRIRIGE AT kv
RO DHFIETHD. BE LT PEREEOA AV %2 iR BREE o 55
IV SFBITREE LT AE R, 1R 2P EIRITEBINE AT MLE+6 dB ORER
NN TTHT 2 Z LN TE, EROHM/N > B —F v R IEOF R AN 2 (K S
ﬁOO(@T%%F)S%XJ\W NV ORERE 2 f BN RIS 2 DI AR HETHDH Z L &R
L7- 11).

Substructure B 1.0E+01

(Mass) —RIM
— Proposed method
Excitation point 7 1LOE+00 [ RIM +64B

Observation point

S]

-4 ~~RIM-6dB | /.
5 : .
Plv
Z 1.0E-01
Substructure C o 1LOE-02 &
(Adjust structure)
Substructure A 1.0E-03 —=

100 1000 5000

Frequency[Hz]
N N VE—F VAR B FEORIICAWVBERZET ILE) LT ARG D LLE
J57 L TOEKKR(BEEL6dB AZE) NICFARABRGF)DIRE-TEYE LR TS/

(Base plate)

o REA2ERBRICEAT 255070 —%2 12 13577, #haRBsn GRERAZEE) 13,
RBR AT O AN, PkBR IR RO R 2 SBR[ Hen T 25 2 &, B EE 133
AN LoUL Pl & FIEERAREIC 72 5. DT, WERDF I —~ A% W= ARHEEMED W
LU LAEEN R S D &3, BRI 4 — " —F 2 R asER &, i BR O[S HEMES
A a— )V DORMEFEMENRE S GEESND.

BUERER
(R EREMEIE L)
N
R ORERFIERE
(R IEHEETL)
REEE O mERENE BRI
(S E - BREET L) > TEHIC
RN S TNIERFETLHRER #(E(LE) 2 —4 - ERERAE
- (RBREEFEE)
BUBRISA N 7 4 — % (R
(EE £ 712 =58) ) BB A D mEF NS
(;%3;u&$%?»)
Prer————— « HRBRIBLEARIEL T LV
F—=nN—F 2 F OEEER &3R5 1E
P e et
7Rk ZA
AL Y
%ﬁﬂ%tvb A E A
HERERE BT oty 23
T NR=v
mumso | |EELE
N —tst
INR—
LU
74— ARE
Bty b SRIA
=. == &
HERENE | GEeae i

12 AFFEEERARICERATHHEEDT70—H
HEHEENFRICBOVKRETHELALERL TESLSITAY, HEBREKAIDURIAMERT S



5 4 0 1

YANAGASE Keiichi FUKUDA Tatsuki IWASA Takashi OBATA Yoshihiro

18

Study on the Tuning Method of Shock Test Condition for Spacecraft Instruments 2020
TRANSACTIONS OF THE JAPAN SOCIETY FOR AERONAUTICAL AND SPACE SCIENCES, AEROSPACE TECHNOLOGY 77 83
JAPAN
DOl
10.2322/tastj .18.77
YANAGASE Keiichi FUKUDA Tatsuki IWASA Takashi 87
Method for selecting axes for prediction of shock response spectrum using transfer function 2021
synthesis
Transactions of the JSME (in Japanese) 20-00341
DOl
10.1299/transjsme.20-00341
YANAGASE Keiichi FUKUDA Tatsuki IWASA Takashi 87
Prediction and adjustment method for shock response spectrum in mechanical impact type shock 2021
test for spacecraft instrument
Transactions of the JSME (in Japanese) 20-00354
DOl
10.1299/transjsme.20-00354
FUKUDA Tatsuki YANAGASE Keiichi IWASA Takashi 87
Approximate computing of shock response spectrum using reduced impedance method 2021
Transactions of the JSME (in Japanese) 21-00036

DOl
10.1299/transjsme.21-00036




2021

DOl

10 1 3

Kelichi Yanagase, Tatsuki Fukuda, Takashi Iwasa and Yoshihiro Obata

Prediction and Adjustment Method of the Shock Response Spectrum for Spacecraft Instruments Shock Test

The 16th European Conference on Spacecraft Structures, Materials and Environmental Testing

2021

64

2020

SRS

2020

2020




29

2020

K. Yanagase, T. Fukuda, T. lwasa, Y. Obata

Study on the Tuning Method of Shock Test Condition for Spacecraft Instruments

32nd International symposium on Space Technology and Science

2019

2019

SRS

63

2019




28

2019

Kelichi Yanagase, Tatsuki Fukuda, Takashi lwasa, Yoshio Obata

STUDY OF PREDICTION AND ADJUSTMENT OF SHOCK RESPONSE SPECTRUM USING SUBSTRUCTURE SYNTHESIS APPROACH

32nd Aerospace Testing Seminar

2021

2021

2021

2019-145676 2019




(lwasa Takashi)

(90450717)

(15101)




