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FBINTXT D @ EEZEORE R, BEENE R Z T mNICE £ 5 7 L— 2 — A E & |
BTN K T HEBEK, T L CRAKERFEEN L EOX —F Yy NEED 12 LLFIZ72 5 EH
B B D (M. A1), RBFZEIZIBW TR, EBRAFHE L 2R OEROM RN 7 b —F —TEhK
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X9 5 FIREEEER ATV, HRICK VBRI R OERE M, &% —7 v NEE M,
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MK VSO Z &R LTz, £ LT, I EUC LV RDTe MM, - Q*HI#R A M/M=1 &b 5
RIZEBT 5 Q*OMEAMEEICVLE /7 Q*Dfi & L TEFK L7z, 7=, Fujiwara et al. (1980)i%, £t
E2E 6 & O BEFER ATV, ROEHEOLGAITIT QI ZEAE 0, D 2 A 2 O Fn % )
FHEMEN DD Z LR LT,

B A-1. AECHT 2ERICL DHROMAR: (a) 7 L—F —JEbEE (b) BBEM LI O KIT D)
Fig. A-1. Schematic figure of gypsum targets after impacts: (a) cratering region, (b) transition region, in which
flank of the target was chipped off.
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spalling RAOLND Z LiIFENTHY, 7 L—X—EROEA DL MU/M, DfEIL 0.98 LI E, ER
T Y T 258 1C1L MM, DfED 08 LLFTHY, ¥¥ v TDFEET D, BEDTD,
4. A-2 121 A CAE TIE S e IR~ OB ZE R OFE R R STV D, BZEOFE RO M/M,
M 098 LLEDLDEFRNT, Iz (A-1) THIFRTEL LT,

T/ =d(Q*cos’6,) (A1)

ZZTodie fld, =7y MEICKDTERET D, NEBRELAIEE=0,1, 1.5, 2 B\ THh
PTG E 21T 5 TR O BIRE R DED i b K& < 7o o 7o REOfE £ =1 ZEH L 7= (Table A-11),

TOLEED A, e DIEIZENTI 440 72 HNT-098 THDH, TNaxb LI —7 v FOREEIC
VEe Q*OfEERO D L, 500 =80 Jkg E70d, FEERIZEBREZITHITHz - T, HEEED
o2&, BGAKROIEL X HEE L, FHE L EHEEEICRFNFHEDIXL XD 1o &N

- 161 -



ZTbD%E S LICEHE LERAAES = L X —(2%f L, Q*DEZY 400 J/kg LLEIZ72 D8RIC 4
—7y NERERDI,

B =Ty NOMIEIZVE Q*OfElL, ZRAEX —F v MR HME 730 =120 Jkg Ll
LTRSS o T0D, LLARDL, RERICEVELNTCAEDT —# 1L, Fujiwara et
al. (197N L VBN LXRET =X D30 NIZETEENTEY , WHEOEW I TR,

Table A1 Experimental Conditions

Run No. Impact Maximum
Mass Mass Velocity Angle fragment size
g kg km/sec degree g
<Disruption of Cubic target>
DCO 0.21 1.166 4.34 0 237.3
021 0.11 0.749 3.84 0 447.7
D45-1 0.21 0.935 4.44 45 223.4
D45-2 0.21 1.072 4.30 45 366.0
D45-3 0.21 0.900 4.00 45 296.5
D45-4 0.21 1.650 4.28 45 779.0
D45-5 0.11 0.299 4.60 45 46.6
D70-1 0.21 0.633 4.08 70 185.6
D70-2 0.21 0.630 4.17 70 176.0
<Disruption of spherical target>
DSp-1 0.21 0.465 2.12 0 291.3
DSp-2 0.21 0.457 2.00 0 288.8
DSp-3 0.21 0.599 2.00 45 551.5

Table A2 Impact angle dependence

d e R
Q* 461 -1.17 0.86
Q*cos 0 440 -0.98 0.90
Q*cos'” 0; 400 -0.96 0.89
Q*cos? 0; 342 -1.00 0.86
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Fig. A-2. Specific energy and mass fraction of the largest fragment: (a) data from cratering experiments and
impact on spheres are included with single impact angle dependence of cos 6 ;. (b) data from cratering experiments

are excluded and degree of impact angle dependence was varied.
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Fig. B-1 Sample picturesof the experimental run No. 0_02. (a) Settings from atop-
view camera. A coordinate, initial positions of the target, a scale, and a section of a crater made by
thisimpact are overlayed on the pre-impact picture with a set of fragment collecting cells. (b) ( 51
msec) to (d) (55 msec) Sample frames from thisrun in the later phase. Fragments were outlined and
named. In this series of pictures, fragments outlined in red and green were checked. Too see the
move of the fragments obviously, sample frames were picked up every 10 frames (every 2.2 msec).
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Fig. B-2 Sampletrajectories of the experimental run No. 0_02. The direction of the
z-axisis opposite to the Fig. B-1. The coordinate and the crater made by this impact are shown in
the first figure. 376 fragments out of 910 fragments were listed here. These figures include the
fragments those were rejected after measurement and analysis as fragments after secondary colli-
sions. Because, in this pick-up phase, I’ ve checked as much fragments as possible, aiming to check

all the fragment observable. With these trgjectory polts, collected datafor each fragment are checked.
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Fig. B-3 Sample velocity measurement plots of the experimental run No. 0_02.
the x-axis represents the time after impact, and the y-axis represents the positions of the fragments.
In this vel ocity measurement phase, trgjectory of each fragments was checked again, and fragment

showing some strange movement will be rejected.
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Fig. C-1. Sample frames of rotation measurements: Rotation of a fragment No. 01 out of the experiment No. 0_06.
The fragment on each frame was outlined manually.
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Fig. C-2. Fragment dimensions with the time
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Appendix D. XY v FZHAWERE S 0_02 OBHEZIZOWT

EEES 002 IZBWTiE, AV y MyEH—F v NEHBNICBT 2 0BEX—7 v NOEE%
fToTCWieinote, — KT, EBRES 001 IZBWTIE, ¥—F v NERNTH —7 v hB3BHE)
LanWE o, BEMZHNT 6 FanbXxlz, M TEHEOMF D% —7 v MEBAN
TOBEE 2TV, 2D ORI 2L/ D+ Il A Tk L, ERE
50 02 OB HHREZ L EE L DR E, ¥ —F vy REBRANTHRREEZTT>72 001
BTS20, Z6WICAY v FZHWRWERDO S O LT 5 L. D-1 ORRIZRD . ER
FH 002 OHLODHNE UHHREZ TR S LBV S T EitR S, Zh
. 2V MIEE—F v NEBAEHWDEZDT AV v b, BT OFREY—5 v N DOFE
RO NCHE BN EEZNAP LB TE RN LI bND, AEX—T Y NADZ—Fy
FEEIFEL (10 kg BE)ZNERLERBGTHY —F v b Fx U N—NICRET HEEDET
T, EEZLTW2WZ =7y BBEIL, §HE L TWe XD bEREANH%AICBE) L 72 6E
HERZEZ BID, LPLARRns, =5y NREZEHERLD Z LD TERVWERORE L, fff
EEREATo BRI BI 52 —5 y REONEZND Z LIIRAETH ST,

0_01

100 |
3 0.02 (z=-10)

Fragment Velocity (m/sec)

0.1 :
0.1 1 10 100

t(z=0) (msec)

X D-1. WA DFZ—5 v FRED D DR LA EE: AU v b&2flbRh->72%, 0 06 &A1Y
v N L7325 0 01 725 WNT 002 & bk, EERES 0 02 I L TIFwNO & —5 > NERE O
AZE S 10 mm % A2 - T E OFUHRZ & HFat L7z,

Fig. D-1. Ejection time from the target surface and ejection velocity of each fragment: The slit was not
employed in empirical No. 0_06, and it was employed in those No. 0_01 and 0_02. Ejection times of the empirical
run No. 0_02 were calculated for two cases: the surface of the target was set as it was planed, the surface of the target
was set 10 mm backward.
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Fig. D-2. Histograms of ejection time from the target surface: Ejection times of the empirical run No. 0_02 were
calculated for two cases: the surface of the target was set as it was planed, the surface of the target was set 10 mm
backward.

- 181 -



Appendix E. EBRZE S 0.02,0 04,0 06 2% &2 L~ EEFHE—[ESOBA OFHER

FERE S 001 & 002 THEALZEAY v FOWEIX 20 mm, 15 mm THYFHEZLS, 001 1238
WTIEA Y » MZEDBVEIND pit HOHEMEIT 14 %IZWE RV OIZK L, 0 02 (28T
X032 %ITk S, 2T, EFRES 002 ZHWEHERICBO L, AV v MBS
DO SN AT A EEICS U CHES Lkt Sh e 2 Tlldo2 & Lie, £z,
B3 mm LA O IZBI L Tid, 0 04 225 TNZ 0. 06 D —HSDOEBRFERE, ZhEhic 12 @
HAEHEXTRELTHD,

2y MZBEDLNIZH PO SN2 2Bk 572012, K. E-1 OLHIC7 L—X
—% 6 OO THE Lz, EBRES 002 [ZEREEFRETHLOT, FOLnbE UlHEECH 5
EI M D SN B 0%k & R X, IFIERCTHEEEZOND, ZOR) v MEE
BT D H LR ZIT - 272, Bl L ToOWMINEE > TR TE 501, K. E-1 OA
Uy NOBICHWEEFEOFIE LR END O TH Y | wEISILIEL PR o ik & 13 5%
RO, ZOERBRICBIT AV EREORIEELZEBET DL THITREOHIFANTH 5, H
W1 RSN E ZOFEBROERBTEY, ZHICAY v MZBERTWbLF LYY
GCOERTOEFEE T DHZ 2L pit P DEHSNDHA O E RS, ik 1 »H T
VA LNTERN U A BRI EEER XS ZEICEY . I S o E
RO T, RS, L0 AMIOMERIZR L CH RO TIE T o8k & 3 B3 A6 2 ik L
776

SIS
........... P
AN IEAAHAH I A A IS
ot byt ot
eresateete 02%5:0:%0‘ B2teteteten
Togesetasatoletatetetoleteteton
(XN QOO0
X 255
¥ 'o R ", X
L )
& ety
i n‘é";‘ ’.:.‘ 'n:o’ c:o:o
SlitPlatel  fererelaisss AN SRR
S IS e e e e, KD .
Slit Plate 2 Pit Region

B E1 Z7L—F—2bWZRY v FO#HEREK & F.LAROFEEX S
Fig. E-1. Schematic figure of the concentric regions, the crater, and the slit.
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