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Status Report for the Development of the Antarctic Penetrator:
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Abstract: We started the development of the Antarctic penetrator which was
applicable to the future seismic explosion experiments in the Sgr Rondane
Mountains region, Antarctica. The planned observation system consists of the
expendable ground system segment (GSS: penetrator) and the data collection
segment (DCS) on the helicopter. Using the Grant-in-Aid for Scientific Research,
No. 01840012, from the Ministry of Education, Science and Culture of Japan, we
made the following experiments as a 1989-year program.

(1) We made 6 vertical-component seismometers (type V241-M), and conducted
shock tests (acceleration ranging from —5000 G to 5000 G) at the Noshiro Testing
Center, Institute of Space and Astronautical Science. The sensors were proven to
suffer no damage with negligible change of the frequency characteristics.

(2) An IFP (Instantaneous Floating Point) amplifier and the digital recording
program were designed, and the laboratory experiments with the above seismom-
eters were made.

(3) Shock tests of the electronics parts such as quartz oscillator circuit,
chemical battery, CPU (Central Processing Unit), ROM (Read Only Memory),
etc. were made to select appropriate units and to obtain know-how of potting.

(49) Dummy penetrators were deployed from the hovering helicopter (AS 350B)
600 m above the glazed snow surface around Asuka Station (71.5°S, 24.0°E,
1000 m asl). We obtained s=8.3-11.1 for the parameter value of snow hardness.

1 ® 7 EBFZepT. National Institute of Polar Research, 9-10, Kaga 1-chome, Itabashi-ku, Tokyo 173.
2 E BEBFZeRT. Institute of Space and Astronautical Science, 1-1, Yoshinodai 3-chome, Sagamihara

3 B A EFE. School of Science, Nagoya University, Furocho, Chikusa-ku, Nagoya 464-01.

¢ U B S BFYeAT. Disaster Prevention Pesearch Institute, Kyoto University, Gokanosho, Uji 611,

5 HAEEEE. Faculty of Science, The University of Tokyo, 11-16, Yayoi 2-chome, Bunkyo-ku,
Tokyo 113.

8 QPEHB)ETHBEL. Astronautical Technology Division, Nissan Co. Ltd., 5-1, Momoi 3-chome,
Suginami-ku, Tokyo 167.

Ty = — AT, SONY Telecommunications Research Institute, 14-1, Asahimachi 4-chome,
Atsugi 243.

TR Y R, Vol 35, No. 1, 92-117, 1991
Nankyoku Shirvd (Antarctic Record), Vol. 35, No. 1. 92-117, 1991



R R THOEEBIBIAH <+ b v — 2 — DB 93

(5) The telemetry method and the necessary commands for data acquisition
and system diagnostics were examined. Direct transmitting VHF waves with 4-
valued FM coded data may be applied as an aerial link.
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Fig. 1. Compiled map of geological complexes, submarine topography, ice surface topography,

crustal P-wave velocity structures in the region 0°-90°E, East Antarctica. Edited from
HiIror et al. (1986). MORIwAKI and YosHIDA (1983), SHIBUYA et al. (1986), KURININ
and GRIKURoV (1982), and IkAMI et al. (1984). For details, see text.
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HEBTORKDOATHEEAIKE LN REATV5. K1 OKBE RIS HEC
- TVHERCBEACL ), KEBATHRERER I, & - B~ b A mEEE
EHEPEBOR TV 5. 7 A5¥ L 7 A0 vYEMMITICHRE IR TORKE (KURININ
and GRIKURoV, 1982; X | & P-P) &, ZF 3B COEE (Ikami er al., 1984; [§
R-R)) #1725 L, M@BoE Xt s e 40km, = RHE T P REE SR L 8.0km/s T
BbH. —H, P-P Tr@I~[» - TEAEHIERT S EAHEL 725) 25, R-R T
HOoMATR S LAY S, FEOHEF E- TR TV, i, FTHEo P ERE
R & b 6.0km/s, 6.8km/s IR T, @fkL LTAS & MAEIM I KpEREER R L
Tw5b. L, P-PP O FTHMEDEX (~20km) 0Fs R-R o FifitigoE X (~10-
I5km) HA~BECATREMED B 5.
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(Kurinin and GRIKUROV, 1982) ¢, Hiik» efEici@ < (~30km), v 3— p ki F it
SHhicEAMEAER (~20km X)) L, PREHEEDL DV L#EV (~78-79km/s). X 5o i
L@ - FRBo P REEY %K~ 58-59km/s, 6.1-6.2km/s TH b, JEHERMED L@ L EI
WRCHIL Lic PEEE RO TEL O 28 RIcEEY LTV5. ZORKET TLKBEN
A2 > THRAE L T BRI T D, EHEO P EEE X P-P, R-R’ {ll
MTOERmEPEEE L HFEG. oz —BOCXRPTHEB P EIELTLE Y 7
PHEELEZLR TV,
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2.1. £—L0L5—FXRARDERE

—vr v = LUK & 100km AEECAZE L, 20-30km & TEICEAD > T
EEpamc 1500-2000m &< /e s, R, A I A i X D KV IR K g
HBLEME KK (Marine Ice Sheet) 4R LT\ ~T (NisHIO et al., 1984), Z 3|2 E R DM ™MD
B\ AR L INIBRTH 5. [EHUIE T 24°E i > T, JARE:27T D7 1 A 1
— # — %, JARE-28 ot &), fiERKNEX L LCK20L 5o 4 P T A= AT —
A0SR T 5 (SHIBUYA ef al., 1991),
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M TE 22 EBEBELR S, HTHBELA(H T 0) X b ARG Tira iR A < 7x
L (ERERENERTD) ST B0, WL SO THRIE S 40km g
Hhs, FRIUMET COMBELRFTICKE 85h, £ TD P E#EES 8.0km/fs X
DREVCHVNIUMILERTBROM R LD, TDdD, MBS 2T Tl 2v 5, F,
R AREGHE SO W AELHE L, D OWHEMITH L F iR - B~ b Lo
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Model profile along 24°E (from Breid Bay to the Nansen Ice Field) for future seismic
explosion experiments in East Queen Maud Land. Surface topography, ice thickness,
magnetic anomaly, and free-air anomaly profiles are compiled from NISHIO et al. (1988)
and SHIBUYA et al. (1991). Solid circles on the ice surface indicate expendable penetra-
tors deployed from the helicopter. Penetrator intervals are planned as 5km in the Sgr
Rondane Mountains and 10km on the ice sheet. 40 to 50 penetrators will be installed
along the 300 km profile. Digital waveform data memorized in the penetrator will be
recovered by the airborne telemetry. Penetrators must be designed as an expendable
system. They must be developed by taking future satellite link into consideration.
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KL DT — 2 BREE BEes 2 v b)) BEIRTS. TXTOFFLI ARKAE TKT
Lisi e i Hlf& s 5.
2.2. BALRATLORRATREMEXR

B2 ™ AR T O LB LR L <, BRI ENRAE LTV, LD,
ZEEEANPHFTLL T — 2B ERCITL DT VA =2 —HRT, "F P V—F—D
BRI T — 2 ZETELHRENE v AT a2 HE LT RERS Iy, —~BreEsER
1T CRERERAT) HRELD, <A m oy b, BHIFEE GCHBIPC S D0 THE L FIRY
52~ FEBAEZHEYLY TR, DEDZ LH#FERBLT, 7Lva2 ) —HR, BERAEK-
HAZA i L iEie by, v AT AR nCit, BERE Y Y CHENLZIT 5
BHELVERTHULENRDD. X1, BEEEOMBIIYR s btrv—z—flloF—x
BREA V52— 7 =14 ADRE, BREABROZEEHEYT 5.

K3k, ZTRAEECOMERSELYRT (IKAML ef al., 1984). HI%HE, KkEEZoLHE
FERIOFHEEZER LD T, CORRNILT B ERBLED D 0B OMBLELDI
W+ ThHA 5. 200 points per second o sampling, 16 bit A/D ZF#s, 1 data=2 byte=
16 bits L35 L 1shot H i b BT — & Bz 200X 16X 90=288 kbits 1= #i24 L, 4 shots
(F i Ushot 73 % EELT) Tix 1152kbits wicn. 18 L wchkl, (E, WA=
HEBEATHLELTH L.2Mbits BHIETHTHA H. BIAREA 40 5 L5 LB LI
KBEICLNBEIKR T — 2 58132 1.2x40~48 Mbits TH 5.

Shot onset » S/N HAMELD T event trigger start (I RFEETH L. RIEUEMZTICE
bl wake LC2 A ~—INGETH20O0HETH S 5. BRI OB T3 LT,
BHEHIOIcd>—FE wake LIcE% sleep I-HNDLZENBETHAH .

HREONBREREEIEE, LEHmEs LE« £10-15m DN, @I
+10m PINTH 2 Z &R E Ly, Fio, ZFRAO N ORZIFR % 10ms K Tl
HIZTR 52 &8 E Ly, NEREF ORI EX T > cREB TR A b v —2 - % FE T I
T, HBCHS RS, A X — b ERIERETETHRE b, i,
Fb V=& =5 LT T, shottime (FEPF — 2ik~Y 27 % — « F— 4 LFITEY
ELAN LR ThiE e b0 T, UTC BEHORKIFRLY <F bV — X —~EKDH I LD
PN EEbRS. WTFShc<%F b V-2 —OMERE - LR ERE, #Ekco
BEIEEe LTI 2 A AHRAHRE LT L. A/D ko sample skew (3 1%
DIHDL DX TEIEHZ ENEFE L.

~_F b V-2 - PR BERE, BAEa&beh 50, L2 ToOMERB MBS,
1754 (4RI B7c b PITIARM TE 200 TRl 7 71 FEAWRE D25, 3
BTEBMHT O TV 5 SORHEM SRS &4 v — > g vORPRAS LETHEIIA
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experiments by JARE-21. Redrawn from Ixami et al. (1984).
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Fig. 4. (a) Yearly mean air temperature versus yearly mean wind speed

diagram. Asuka Station is located at the place with 4 m/s larger
wind speed than the stations in the region characterized as ice
shelf. Dotted line gives extremity of the natural conditions for
human activity in Antarctica. Difficult airborne operations around
Asuka Station put many requirements for the system design.
(b) Schematic change of weather around Asuka Station. Clouds
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Katabatic winds from the Byrd Glacier bring strong brizzards.
Weather is likely to change drastically in 30 min. Edited from
AYukawa (1989) and SHIBUY A (1988).
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Table 1. Constitution of the Antarctic Penetrator Research group.
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8  Fig.8. V241-M type vertical-component
seismometer used in the shock experi-
Magnet ments at the Noshiro Testing Center,
Institute of Space and Astronautical
Science.
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I T T T T
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Fig. 9. V241-M type vertical-component seismometer can endure accelerations ranging from
—5000G to 5000G, which resulted from the collision of the penetrator into sands
(hardness 20-100X 105 N/m?; collision velocity~220 m/s). Change of the frequency
characteristics of the sensor was negligibly small. Redrawn from ISAS SES DATA
CENTER (1990).
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Fig. 11. Change of the oscillating frequency of the quartz oscillator be-
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and solid curve (solid circle) indicates data after the collision
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Fig. 12. Deploy test of the dummy penetrators from the helicopter AS
350B at Asuka Station. The penetrator was relased from 600 m
above the glazed snow surface (1000 m asl). (a) No. | penetrator
was not found. (b) The tip of the No. 2. penetrator stopped at
2.2mdepth from the snow surfuce. (c) Location map of the test
site. (d) Snow core was sampled near the drop point.
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Fig. 13. System design of the Ground System Segment (GSS; penetrator) and the Data Collec-
tion Segment (DCS).
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THH, 4shot ¥ LD TDOEELEH250mh 5. ~V OKHOEES 180km/h (100kt) &
5 & 300km EEEO AR IRK/EI204, 77 v —FEEDHET — xEIK 1 4/GSS &
RIELTZLLEN[TO7 54 PRI ARRTL 754 b TRAEURFTRES b Lhzsu.
4 shots & —FEICEUR T 2 -1 3 41/GSS B L T 5 &, 2ZERMEMH 2KMLo TS
FrEmefili SRR 20 e g, ~ VA P X DBl LMD EH2 754 (&7 74 LB
i3 2 e 40 53) WM HBH B H 5. KEOBILR TS shot 7 — 5 % —E B L7c
FThiTebRnELTh, 2754 P TRTTHDEXDITHI LI, BOTEETH 5.
—RCBEBGRBECEVTRETIIAFART =2 —F 4 v I7OEBFAIERE T Y
1) —BHTELIh, ZOEBEYM (7=—F4 v 7y F: f) 1%
f0=0.93fVx 10-3 Hz, (3)
ThbbIhd., T fXEEK (MH2), V 3BE5ERE (km/h) ThHS. Lidi-T,
f=400MHz, V=6km/h /s 5if fo~2Hz TIITEE L > LD, F—2EFAHREL
T4( FM ZRAYFEATIHIE, ~104 D, bS5 — L — IR TEF5THD.
4.5.3. EBRFIHE 7 v 2 — &2 —(Lk
NEPU—Z—DRENHLTF - FEINETDO Y — 7 VAR 27 FOMBEEOBAL D
FLHDHELUTODLSILAS.
A NV TR -mbXF -2 —(GSS) W TT5. WHTH BHEEALVFA1RK
& (sleep) 123 %.
(1) BABAH=2—FE2EIR-THE2DN T HABRA ) —HLH LDMFEL, &
THBEN T A=V VIO TR ?
(2) BEoLDEL 2 —LFET% poweron DRFBIC L TR DY ? LD~ T
V-FmE LM EVEDT L ?
b. MEBHREHFEIANRELDE LT, HTIBCABERELITS.
RET =2 Fbr—2—-—D2rx) —CBZAL2? DCS »? ZThéLilh
B ? FERh, A v IIRAGTTHALL, BRTLHLERSHH T HBHUILE
CAD = F2REFTROM?
c. BEEMETCELE~Y 272 —T GSS % wake-up T 5.
(1) GSS Kt DBIERVCZ DORERFERL ?
(2) IUERBAIAREXI DRE & £ DOBERL ?
(3) 4V IREFEL LT, BBRRXOEZTIL? Vs bOEHR?
d. BHFREBOER (v —EDF =, 7)) 15
() A v AREERF P U—2 = LFOH L DCS TREZ UM T 5 H0k
B, xOlboRERHEOBEDL .
(2) BRECHTHHEELXESTE,? FTHORF P V-2 - H#Z B0 ?
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B (i~ b —x =B A — )
Q) BHF—20F =y 7 FELZORDOMBERBOREL D,
BT — 2% 2 %) —CBRHETS.
— &R O0) WFEH‘EDEL 2 — L F T sleep X 5H?
~V a7 %—7 wake-up, ¥ — &% DCS ~[@T 5.
7 - 2 AR T R EDRENL EF0? £, —#OF =, ZEERYA 2V,
7l Hh?

4.5.4. GSS, DCS 0 A HhE

W OMRVF 4 v IDIEBLH B, GSS, DCS Mfife T N AR L LTUT S
Fhhidlsbigu.
(L) =i GSS

a.

b.

h.

m.

(Im)

(o

MNRFFET3E # 1 ~— & LT Elapsed Time Counter (ETC) # .

ETC i1 DCS m»boa<=v Fick h UTC @7 » » 7 BEESA 2T, RHELE
UTC Bl bnw v 27 » 7 LT TR - 3] xR D 27 e » 785 24ART S
7 — 2 INEBIARE L QOB XA TH 2 %) 1REfET DCS AN Eh, a2 < v FicX
h GSS ~ZIHEIh 5.

GSS (3 ETC iz X W BIZEERZI A L, DCS 26 ZERH L L7 — 40
oA BT 5.

BE A/D 2 v =2 —HPDA ) —F — 212, FE LT — 2 NURBIEREZ
OO DF —2p 2 ) — I RA.

1 [E14> DIRBC * LhBEA 7 — & 25813 200 pps X 90's X 16 bits=288 kbits TH 5. 7
=2 AE)—FA4 v EL, AEpOBRMT -2 EREETES. 22 —KRERT
288 kbits x 4~ 1.2 Mbits T % .

AfELF— 2% DCS o<y Fic X hdlER S e L THA R 5.

DCS oa<v Fizlnl, GSS 7w, 7{E5EKETS.

B ED DCS (2 h RFERELA GSS L hZ{E L, B Eo UTC A L i L ETC 2
EBCEEL T ENENEFRT 5.

A HHRESWELgvo T, ETC &8 b7 — 2 N8BS ¥ ToBERMII R A
12 R$/ITH 5.

ETC 0BIfER KT — 2 3G 7 — 20— & LTHMTE 5.

DCS mbma~< v Ficfw, IBETF— 2% %ET 5

BEREPR 6 SUWICERER T 2~ v Falisun b &, sk e T 5.

Aala—F (D =2— V) 2o FEABR 234 (99) :7T5%.

Fiz DCS i

T—2EEa vy % GSS v BElF —2%2mRL, LEOF—2rr2xY —
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T S,

P. F—2EFa~v FhoRRBEBCIVE AV IDF—222) —hORED VY
(B ZiEETES.

Q. F—xmr2x) KBTI GSS40 K437, 5 160 event 4y L35, LichisT,
DCS D13 1.2 Mbits x40~48 Mbits TH 5.

r. % GSS Drvy—BET A, BEBEEEOHHA =z~ V2 FT5%.

S. VY —OBEREIIL, v -0 v AL ARERY DCS =2 -t AL, HE
TF =y 7 TED. FOLDI,
(1) GSS ix DCS b0 a2 < v F&%IFT ONJOFF 5% « v — g7 5.
(2) GSS (¥ ON/OFF Bt X b tvy+—DIREEKD A/ID B %EETS.
(3) DCS BB LIEEREY =% — L~HNT5.

t. F—x4®) 13 DCS A% AH X VEHCBMETE, oG LERC X hHA
PRLAEEREETH D.

u. ID =2 —F (BREES) 2 DCS o Ax vELLANFETES.

v. GSS Ho» ETC HECHERKLT — 2% ANTE 5.

4.5.5. #f@a~<v ¥
TUA—R—HEERBRCBIT. a~v REFET L0002 FRELTUTYRAETS
DEDH 5.

a. GSS REFMoOEE & &Ik

b. GSS #EiRES (ID = — 1) xXiH

c. GSS o+ v —BEREDR
(I) ON/OFF 85 nEH
Q F—xrxEY—SvrghEx
B) F=2r2Y—H{FALZ—V (£ VALARE) AL « EH

d. GSS %1 ~—F5E
(1) ETC ni#Hh
(2) BIEx 1 <— (7 — 2 NEEKREZ) OBE
3) BEF—20TAHL - EH
(4) ETC RERKZOFTAH L « X

e. F—x[EN

() ZEgES (#x) -~ vI7EE) BE
2 2=V -7 —25AHL - X

DCS 75 GSS #4325 —r vAOBBEIN 14D L 5 1mRER X 5.
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REFY
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35 HH
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14 DCS 1=t % GSS D §lfl v —# v 2 OFRHE,
FM AL B
Fig. 14. Control sequence of GSS by the commands
from DCS.

5. 1990 “EE o FHEic >\ T

~NY AT XL TE, Bl V-2 —DOMBREYHECTL 50 E 50,
Zffi7s GSS BMERBMNE I WHRETHMT, AT AMROEELERTH L. HITh
BHMS CORTEENLD, FOWIDART 2 —x—, HEEE WEAETEHE wov
THERELEZEB-0T, ERNcE T differential GPS positioning % Fl|H L 77 B * € LR %
i« EfT 5.

| 23

AR RIE - R GREFS 01840012) o—Fi L LT -1,
HITPBHRETONF b v -2 —BTEECEEL, BB~ 272 K2 3T
DLTTFRI->HAMTE 1 Rd T BLEIKE, FHEASV-v g v ) —F—i@h
~V a7z - FATEBRED S A KRBT 5.
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