3-4. BhE[H S OFHA
3-4-1. f I EE O FHAITE

3-4-1-1. B~D 2 REZE % T2 3 IRt EE D FHH

H—Fy N F X U N—NTOMEMNEE X —7 v NERE DM, LT B E TOHEE
IZ& D, HE7 L—2—BRICX Y EH SN O 5 Ho—508, BICHEET D81 280
THIENTE D, RIMKOE A LB, D WNI¥ —F vy MREOMEBRIIBENTH S
DT, W OfEHA L pit OHLA, BRG] & BEREL R ENENE LV ERET X, B
L COMLEALE & EIEREZ D D AR ORI L AE A RO D ENTE DL, TDHE
WZ&0, =7y b Fx R —DE Ao TR S 10 225 250 m/sec DIEEE DT 5381
B ST, B OFUENLE O ARHEE M O A EHEORIERR AL, A2 pit OHLLA S
ENTGE LT L—F — DN D HENTGE L EH_THEAETI0% TH 5,

ZOWEFEEZRNT, SR O 3 WotEE, BHAEZROLZENARERTH LN, Z0D
JFERTIIHE i OFIIINLE L R L] R YA XA 2 RITG 6, W< oo
fif A icxt LCid, B 0B A2 W TZ5HE & B~ 2 RTEZE A2 W72 5HA OB IZ B Lz,
IO LR, 3 ot MR, A & NTRHZ], B BB LE DY A )
ROBND,

3-4-1-2. 2 WRICH B2 E D FHH

EZROR T AR LIemEE T A AT OB ZHWT, ROl s b —2 — BRI K
HENDMA D 2 IRTEHEEEZ LI BT OFREZ KDz, EHEE 16 mm 7 4V LH AT
EHWCIRE L= 4V 0%, BIBOB 7 ANV LA ATy T E2HWTT U Xk LTz, £E R
720 170 25 500 AAOWBICH L, ZhbD /) A REFREL, BMEAZFHEL, ZSL—27r—L
\ZL72%. NIH-image TA X v 7 Z{EVENEIZ L7z, ZORAHZ v 7%, HRERFIZL T 33 msec
225 183 msec (Y L, TORATOBREORHEIZ LN > Tavwge LaiToThd, K. 3-
19 ICEBEET A H A ZIZL0 G SN mgEo—§l 275373, @mﬁﬁﬁéf®ﬁﬁwf%%
FE)CHAM L%, 2z 2 {Efk L. NIH-image @ Particle analysis 179 Z & IZ LV Faw
BT A EMA OREBELOME, ZEOEE., WO %HL@&@*WT@UL&&%@E
il & A A FH L7, BB ICIEERBI D7D T LT 7 Ry R EHF AR S DETRA 3 HiD
%m%oftow@%ﬁ%@ﬁﬁmﬁbfm\ﬁ%@@@@ﬂﬁﬁt@%é%ﬁokoEW@
R EDOREZE DT D Z TP Lici o, —FoOBmEEZICAHE 10 @EfikThHo ., £h
LOEEIT, BBLR01gU EThHoTz,

%ﬁ%ﬁiif@ﬁﬁi KZ—/7y NRmEE pit SEIKOHFLEIOARZ R E Lz, 2206l &
=y NREICIR> THME % x B, ¥—7 v NREICEE R F WA 2z 8, Eimicxh LT
ERmEZ y eI 25, EHEFLAOERL, B IO TREDAONDLa~ZH 1 ave
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L. 20O 1 a~<@iz 0 msec & L7z, L7223-> T, 205 ORI TR K V/HREHEE )@
ENGEN DD, ZHIUTARFZRICBWTER LTW5S 100 m/sec LL T O F o3 B 2 HANZ 135
BA 5 2 a0,

projectile

target box with a slit
00.0 msec /

et e

B 3-19. BEECT AN ATICLVBESNLEROH: FZHRES 001, FHEME @Ik HE 4.6
km/sec, AU v M2 =0y MERGENWZFER, @IZIIBEGNO X —7 > b %Z)\ (TR S

T V=2 —DOfiE%Z, TNLSMNIIEZ — ﬁ/%%ﬁ%??ﬂ?ﬁ&@ m%rﬁ%wﬁﬁ%ﬁbto
MR OHEITE R 22O, EAOFMIEEM, AV v MIE®EIZFEITTH D, (a) FHZEAT. (b) HZE)
5 23 msec %, ZOFI TR Limebz Mt L2, EFROBETHERONTZHATHY . T ORHE
1% 48 m/sec TH D, (¢) HEN D 2.7 msec & (d) 2L D 3.0 msec & (2 DA ILFERRIL 9 =2~ 0B
IHTe)

Fig. 3-19. Sample frames of high-speed CCD video camera: run No. 0 01, vertical impact at 4.6 km/sec,
employing a target box with a slit. The gypsum target and the crater made through this impact are shown in panel (a),
and in other panels, horizontal lines and short vertical lines represent the target’s surface and the impact point,
respectively. The projectile’s trajectory was from up to down, the gravity points light, and the slit was set parallel to
these panels. (a) before the impact, (b) 2.3 msec after the impact. A fragment traced and tracked in these panels was
outlined with light green, and its velocity was 48 m/sec. (c) 2.7 msec after the impact, (d) 3.0 msec after the impact.

This fragment was tracked for 9 frames.
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(Xnk, Znk, 1;Ill()

(Xn2, Zn2, th2)

Center of Pit (Xnl1, Zn1, tnl)

AN

© Target's Surface x-axis
g

\

Initial Position on Target Surface
(x(z=0), 0, t(z=0))

(x(t=0), z(t=0), 0)

B 3-20. HHH OEBF L EEERTES: BHAAnDF k 2~ H TOMAMLE X, za) 78 5 PITE
DL tye & BB 2 KT8, BRI Z =0 FTHMFLILLE, Thé¥—F Yy MREORR
TR INDHHNLE x(z=0) & HHEEL] t(z=0),

Fig. 3-20. A track of a fragment and variables representing its ejection: A fragment named n on k-th frame, at tnk

after the impact was represented by (Xuk, Znk, tax), and its track measured by fitting. Extrapolating this track to t=0, an
intersection with the target’s surface was defined as an initial position x(z=0) and a time of ejection t(z=0).

W4 n OF k 2~ B TR O EAEE DO E (X, Za) & BETZED 5 ORGBEFEL] ty, OFLZ
THEFr DELBF SR D 72 (K], 3-20), EDOMWFTITAEH L TWANIREINOHLTHH ERELT, &
W oW A % —47 > NREE THMET L2 L1280, ¥—4F v FEETO 2 RITHEHE v,
ZD x BEO z 557 vu v BUHAEE 0 . WIHINLE x(z=0) & BUEFREZ] (z=0)% KD 7z, £, 1
ZERE AN (=0) 2B 1T DALE x(t=0), z(=0)bAMFIZ L 0 B L7z, 7 OB ERIE IS 2
Hh#RUTIEL D5 % Appendix B 12509,

PITFIC, @EED A T EBZ AW EFINEOR S & REEZR~D, £T. ZOHE
ZRHWDHEE LT, M EELFTCE2HTH DL, EMTHLINDRIT, F
AT OB, Fx o N—DJREDFFTIRY | JRVEEFRFH OB 2L HEHT 22 &R TE
%o ARAFZETIL 400 m/sec LD Z. 1 T 120 KK 1200 i, #EF 5473 BEIEST 5 2 &

I L CTWa, E£7o, i OB S @B EEZ RO D Z &2k, fHx Dkl ’ﬂ
L CHIHANIE, MR ZRD D Z M TE D, o, HEEDOAL TR, HHOoED
ARXDBWEH ORENREEEZHERT 2L HARETHS L, AR E RT3 LT
W CIE L2 R S T RS D Z LB AHETH D, I%iﬁ“ﬁ & LT
ZHDOMDNE T ZFHT 5 2 E N TE D EDRREOBEBRZG 57O, HHREO LV E %ﬁ
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AATZINBETHLIENY TR, BASLTF v o —, =7y FOREBEIZH TRPLETH
D&, ITICIER IR DD Z ERFET b, iz, BIAORY -3, HofEnw E
MOVIZED, FpaR e LZALT DNy 7 770 RO ET, AWVCERDH S MR A %
FE)TRMT D720, MEZTICLD2BMHFEOEZRDEETNT VW, RIFFETIE, A Oz D
BHEWEEZ SR ENTITV, RS, BB OMEEOEMEIZHB W T, TREIC 30 /5 LL g
I L7e%Is, FEEEOMERZITV., BHEL LT 5 LSRR EEL TT 52 & 2Ln T,

FEEBRE S 0 04 IZBWTIE, AWIERTD 2 FANLOREEITH Z LIV o 3 kot
MEZFR Lz, WAV TSI 3 EOFRIZ: 5 ORI S o & oG %
TV, EORZIT, BFIZBWTBHI SN ok LT 3 WotlEZRD7z, 3 RoTHE 4 KD
HTENTERMAIEL 003 g Lot 8 ATHD, ZOHEIL, FEFICITHE LI-#LE TK
BOB BB S TS FIDR R I 2 220,

3-4-1-3. Wi O OmEIEZ AW T2 )T A XOHEE

FHAICH LT, &3~ TOROEBOFEME due 23RO, ZHER CEEEZFHFOHOE
IO OEELE Lic, BABIREERE L, lABEL2 4 —7 v MEEICE LY 920 kg/m® &
'f}iﬂiﬁaé CE N {&ODEEZH‘EE mesnmated i{kit/ci% é ﬁ/LZf)o

5
mestimated = in&; ®20 7L: f: l/ l"f = %ﬁ (3-4-1)
3 ToOm O
HBEOWSIE 33 THlATARIC 2 FEAFE L, ThENBIR L BENRRR 570, Wil L Cal

WS NI % Z O ESCHEIRENGE L, ENETH LT, %@Mﬁ%ﬂft
BEAEE LD T 5 0ENH 5 (4-2 FFlZ 4-2-2-2 72 HTNT 4-2-3-2 2B H),

B L TROND WA OmEBITLT LHEHMER SO TIEA <, bOIZ &> TIH L ITHK
FEBOONLIADLIEZRTMENPOHALNINY 7 7T RTHLEZEZONLH LI %
RTALE E TE pixel T HHOEEENTWD, £ 2T, BEOMRHO L ZWMEIZHE 5 KO
REREORELZTNT 572012, A Ol z Ml 2 BRIC. EEOM A Ozl 1 pixel SMil
%R L7 BRL LELZ)»\#% Table IX (27”9, 2F% 1 pixel 0/MANZHE< &0 5 (E B K03 iR
S 7o B ClXd 205, AN 2 pixel DA CTITAFEL T 520 50, BEED 8 pixel DL T b IKF
T 1.95 fEORAZEIC @5ooiw\ﬁmwﬁL NS ZOR OFHRI S LT, £ O3
DOFHAIZ2 B ONTHLE DR EIZE L TlE, FICB WA A TIIEER B WRSE TRk 5 2 & A
ARECH LN, TOEOHEMBICESWTHREINIBAEREICE L TIRERBENTENT
W5,
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Table IX Errors in fragment mass estimation

Fragment Area Enlarged  Arearatio  Volume
diameter area ratio
pixel pixel’ pixel’
2 4 12 3 5.20
4 12.6 28.3 2.25 3.38
8 50.3 78.5 1.56 1.95
16 201 254 1.27 1.42
32 804 908 1.13 1.20

ABFZEIZ BN TIE, ERROEwED b L— A TIHAET 5 AH @@%5ﬁﬁpg’ﬂﬁém#z
pixel £V &, FTOCRFIAE D A OBROL DN KR E S 225G, BOLReH &k A E IR
T OMIEZAT o T REBRTH W& tﬁ%in&xm@#%u&m%&&m FZOERER AY 1/4500
oL &, 20 m/sec, 5 m/sec DAL, BOBD 4 mm, 1 mm BEId 5, Ziid, HEFOHH
FEEBRTILZEN LI 8 pixel, 2 pixel I[ZFHY LEG T, L2y > TEICFFREIS 1/62500 5,
1/10000 £, 1/4500 FbDOFEERIZBAL T, ZHZ4 150 m/sec, 10 m/sec, 5 m/sec £V K72l
JECH S 7o b DB L CiE, B0 ST O B A A XD KIS SV THIE 21T 9,
W F D DRBEDVIIE laves BAHE ve, FTENFFME top Z WV, BEMARFE rn 2KAT
#7,

r, = L;e%m (3-4-2)
W DE D FBED VI save 2 W TAAE LM 818 1 2R THET,

)
ry = (3-4-3)
L)

INHEANWT, MEROBA OERIT, RO oD bRERFE L,

T = Tns ey =T (3-4-3)

THUE, EEROBER T, B ORERLELR ) ORETYLT L b B2 B NG
HEERBERNEDTH D,

3-4-1-4. HIFERS L7

7 L— 2 —RERDOGE, WETHZ ENARERRRNIENIL. ZOEET L—F =Dk
HENTox KR ZEWT 5, 72, WET 5 Z ENRERE/NOM AL, BAEMIITE O
%belpMﬂM%wﬁﬁf%éﬁ\%ﬁﬁe?ﬁﬁ%7TMRﬁz%%wk%%fizmml
UIF OB L TR AIOR TARD b D, K. 3-8 IRTHIC, B CRHll S izt o
B O_REAREUT, BAEED 10° ¢ OFEEE T-12 OFETHLOIIx L, Eifgh HRD
DN R OEESMICIB W TIE, K. 321 OFRIZ, FOIHEFEIZ LT 2pixel DALE D B X 255%
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R LW AR LENR T ARWZ EAERT, FERIC, BEEET AT AT
CodacHS4500 % 7= EBRTiX 4 pixel L FOMAIZE L TR TR I TS, =
MITEVH LB SN AT TH5S TMR E-2 TlE, CodacHS4500 LV & /A Xhb7e< |
KM 2 R T D ENHRD LR L EZ R LTS,

104 R B B AL B LAY N
LU

100 f

Cumulat ive Number of Fragments

mn= 0.00m 0.001 0.m 0.1 1 10
Fragment Mazs (z)

B 3-21. EBRES 0012\ T, HE L THERSNEHA OROBAEEDSA: 0.13 mg 5L TUM1.3 mg
O IX, BOBD 13 L0 4 pixel DR OB IS T 5,

Fig. 3-21. Estimated mass distribution of fragments observed on the movie of the experiments named 0 _01:
0.13 mg and 1.3 mg correspond to 1 and 4 pixel on the movie.

W DB & 3 & SR 8 D HIEIZB W CHHAIFTRE T d 218 O fe i 1%, BRI
av U ETHERTZHAHLOTHY . ZOHEIL CodacHS4500 . TMR E-2, Shimazu HPV-1 |23
WC, BOEBOD 80 m/sec, 160 m/sec, 2 km/sec TH D, LU 5, EEIZFHIT 52 &8 T
X TR E O IXB OB D 59 m/sec, 95 m/sec, 400 m/sec TV | HRESLMEC, ZDEHET
DI ORI L > TEHITBEVEALH D,

EIE O OBIHBRNEDL DFRNOOESE LT, 2D O IZEEERM & 03k
BUVIC K > T EICHRICTEY | EEFAICHOD L FRRICHEAMA Y 7 2 v dH T2 D O
ﬁ<&5*tﬁ%z%hé B oz 7 S5 E 2 O R ORER EBINITEI CITo TV H T

BRRBEIZ RV, 2O ORGEE BIOFEELZFZIMT DL, Ny T 7T R
4xw%5é®%ﬁ®3o;D%éwm%ﬁﬁtmﬁbfwé$#b#oto

W EE D/ ST D ORERF L, HERENICHKT 2O TH S, EIHIZTWT HTEE
IZBW T, BAELERLEWVIN £ CHlif ECHEBT L2 ENTE S0, MIHEICHT 5 MEE
EZEERR TIL, 2-3-3 ITH72ERIZ 0.3 m/sec LA RO AN L—Z —DJE)N G K Sz SRE
T5HE ZOBAIFE pit OMEEIZE T 52 1225 L, AUy FEFEHLZEBRTIE, 0.9
m/sec A FOHEE T L—FX—DENOHREINTWRI N AY v hOIMIHD Z LI1XTE 20,
Fo, A=y hOLEEEBSEERICBW L, A OWIIMLE B Y 72 <. 0.6 m/sec LA
TOWR 2+ BIT 5 Z LIETE R,
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FEH R EE | R A8 B WIIEIE e & QNS A REZNC 36 1) D A ERR ZE(Bve. E 0 o, Ex(z=0). Et(z=0))
. BTN X VR HE 2RO DB SN Te . BRAEE . FIHIAE IS o S R ERR
;é‘ EVX EVZ EX(t:O)\ EZ(tZO)\ LE’)]:/G % 7'; = 7;‘5( ktracked\ E%ﬁﬁg 1/‘[ﬁame %ﬁﬁ A T N Ykit@*%
WZEFE LT,

EVe = EV + EV (Kirackea™2), EV = O.lve (Kracked=2) (3-4-4)
EEV + Ev L+ " g _‘?)g E

EB, =a tanD . 1 (3-4-5)
O ¢ 0
U U

ER@ZO)Zka:0X+4mm (3-4-6)

Et(Z 0) EZ(t = 0) (3-4-7)

V _EV tframe

BEEC & 72 a5 2 [ OEA O HEERZAET 3 ELL LGS & OFEA MDD HEEE D 0.1
fEL L, MAEOMREIIL, BENCLVEFOEENENT 2R EEBR L, ZOES
DEEIC LY HHEED 2 m/sec LA OB O EEIZI & 2N R & OMERY 215 TH
0. T2, Im/sec LN OBEE DO IZ3F L TIEZE DM AEZ EfEICRD 5 Z EIXRETH 5,
EENSDOIRE AT - 123250 02 )72V L CTIE Z OIEIT LB, I EICRE 4 5t
MK%hfwé4mmi Eﬁif@@kﬁﬁﬁﬁﬁﬁtﬁ%?®ﬁ%%m2k%®f%éo
F R D . PRECHEE T O BRI ERR A T B AT,

R R, HD20NEZX =7y b TF v o RN—OBEH, BiE~D 2 REZEA R 2, 0O
BEEENDYERT 72010, RO LS e iilEr 52 7,

F@=OX>RW+Ek@:O) (3-4-8)
T(z=0)>7(=0)+30(( =0)) (3-4-9)

ZIT Ruwe 7 b—2 =428, T(z=0). 0l =01z, 20R8BO 40 DKL O THE
72 B UNCZ OREERETH 5,

AR 3 TRHTEEE DRI DS < 1F 2 KT TITPR TV D, T b O AW & B
TINC 20 BE, 45 TR END EUET D L &, TD 3 WOt EITRHI Sz 2 ROTHE DB
DBED. 3 . 14 HChD, FHZ L—F —RERICBVTIE, 873 60 FELLTF O RHIE
RO TSI S NG jet &, 7 L— & —TEHATIIC R 55 MR O f ISR 5
NTHY | AT LTWDROBIT ORI G 2 2 HBIREN Th 5,
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3-4-2. fiff s BE D FHIIGE B
3-4-2-1. 2 REZZIZ L 0 RO BTk R e

E22 7 L— 2 =R E O TIThbNchE, OBl SN 5 DI% 0.1 mm L FOH A X
DR NER L7220 0 K 300 m/sec O TR ICE ST 28+ Th D, RN T, FERIOM A
NI CE ST DB RIS /2 D, ZOHEICKY, OLODOFERICHOEHK 100 A
e 2B % Z & 23T & 7= (Table X),

Bl O SEEEE L R A K. 322 1ToRT, Z—F y MREE pit T & DR R A TR A
EL, =7y NREOERGMZIM 90 . #—5 > NREICIRY Hmziifhg o gL, &=
BBV CIXENOF M E, FHOMEZ223 0 CHEREE s #E 25 LC Tl 2 5 0 &
ET 5, MEERDOERHNMKETENZLOTH D, BOERICBW T, FilRGH~Dkk
a2 RD7-012% =57y MIEIZIEW L THEZEZIT> 726 O(X. 2-6 (S &, Al m~o
B E D702 Z =57 > N o DWW BEIZ 72V L THEZEEZIT> 726 O, 2-6 ()02 B ()
L 21TV, K322 ICIFAERICELD TINDLEZLLTH D,

F7o. K. 323 1ZiE, BOIBO OIS TR S AL R 2 it Mo e A R 7T A
R LTz, BRI 0 BEAZ —7 Y MREITIR D FHH, 90 N ZNDIER G TH D, KED
X Z OFETITRE N AT RWEETH 5,

TEE LS L0 I S oA 37.5 ED 45 Eovr TRrLEL, #—7 v MIE
I HENTIFHH EN TV, ZhiE Love et al. (1993) R _bN7-, ZHEFX—47 v F~DTf
EEBIZBWTIEY —7 v MREICE D jet (FBAIS T enbnw s HwiE LT TH D, &
oo ZB—=0 Y hF ¥ U N—DEA~OEEIL, BRI L —F — B OMBYIIN R 6 5 @ E o
HLODHTHY  10msec LA EFRIE L THOHDEA~D 2 WEZZIZBHI SN TRV, 202 &%
nnmmzu;20m@cuT®ﬁE®ﬁH#\Wﬁ60§UTfimméh&w;t%mLTw
%,

Z O FE TR S T 5 10 COREOM A IE, EmEZ2IZEHBVTIE 297m/sec, 37 ETH
D05, FEZEANE A5 FEOEZZIZHB VT 194 m/sec, 26 FETH Y, MEEW D &, HEME 45
JEDMBLED & ZDITH BBV MERAE THRHINTWDORbS, iz, EBEAED 70
DIV TIE, 193 m/sec, 33 ETH Y, HEREMED 45 FED L & LA TIAR LK
Lo TNDZLERROOND, Fo, EREMED 70 EEOME I I IR 7 I S
A7 60 m/sec UL E DML ZFFORE A IZ AT FRA Y Th D,

FIZ, FOEEBICBNTIX, FMNAIZE Y BHORER R > TS, ¥—7 Y FREICIH
ST FRAANCHHE SN D BEEEDOKH TH 5 jet (T Z O FETHIT D ENTERNOT,
TURAANZEE LT, M2 20 EE2 B2 2 OHFHIZ1T o7z, H2EME 45 FEOMEICE
WCIE, Al 1A Tk 180 m/sec VL DM 2 FF O 7 2348 22 7226 37.5 FEOHIPH CEIHI S
7o, RS B TR O EE DSBS D DI A 30 D 50 EETELR EmE T
b5, F£lo. TRAMIZEWTTHEDOEWKEAIZE, MADBKES RLIERNRRAOND, 1
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Table X Velocities and angles of fragments measured with secondary collisions

0_04 45_02 45_05 70_01 70_03
3Dv |Be¢ Pe 3Dv |Be¢| Pe 3Dv |B¢ Pe 3Dv |G¢ Pe 3Dv |Be¢ Pe 3Dv |G¢ Pe
m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg
297.0 97.3 37.9 194.3 84.1 25.6 362.2 19.8 39.4 44.6 6.6 63.3 70.4 79.4 32.8 73.7 35.2 46.3
293.7 106.1 345 226.1 61.6 28.8 349.4 0.7 41.7 53.3 54.1 44.9 193.2 59.5 33.0 70.9 26.8 48.7
285.8 98.6 34.6 170.5 70.8 29.9 359.4 19.7 44.2 54.6 56.2 44.0 190.1 63.6 35.0 72.3 313 423
248.7 57.5 424 177.3 74.6 353 350.3 2.0 50.2 435 26.3 413 181.9 67.8 34.1 66.5 20.7 39.6
222.0 84.0 454 1515 70.4 355 281.7 25 37.2 43.4 274 47.4 173.8 70.7 31.7 61.6 16.4 47.4
219.2 76.7 434 122.0 63.1 23.7 282.3 2.3 36.3 52.5 47.4 321 163.6 73.7 27.4 61.9 22.3 43.0
230.5 117.8 40.5 128.4 63.3 29.7 199.5 2.3 43.1 53.0 52.7 38.2 163.8 75.7 285 62.8 211 37.7
243.2 53.9 37.9 152.5 128.5 333 119.4 18.3 43.0 51.6 52.4 425 153.9 63.2 32.2 50.6 35.7 53.3
227.3 63.3 40.2 155.4 126.6 37.0 117.7 28.6 34.4 44.0 30.6 48.5 149.0 65.1 30.7 54.7 41.0 42.2
2134 105.0 41.2 98.9 83.3 27.4 144.3 51.4 31.2 453 36.4 47.8 149.3 66.3 318 472 0.5 47.4
208.6 81.8 413 106.8 74.4 32.0 105.9 225 35.1 49.5 50.8 50.0 147.3 68.1 317 50.4 18.0 38.3
235.8 126.4 35.2 109.2 72.3 33.0 107.7 215 36.7 49.8 52.0 51.3 137.8 71.9 27.4 46.3 38.4 52.9
203.2 96.9 39.8 128.8 88.7 39.3 99.8 4.1 438 54.6 60.2 45.6 133.8 75.7 26.3 425 25 543
205.1 105.5 38.3 111.2 125.3 313 107.5 29.7 41.0 55.6 62.7 46.8 134.4 61.1 32.8 46.3 14.0 43.0
204.6 112.4 35.0 94.4 83.9 343 137.5 52.4 29.6 43.6 35.1 51.6 101.0 63.0 17.0 49.7 39.8 39.3
188.4 89.7 34.7 99.8 90.6 39.1 132.7 52.3 335 453 41.7 49.8 1175 62.4 34.8 42.1 46.4 62.9
173.6 82.7 258 103.5 1255 34.2 129.9 54.9 40.2 48.3 49.0 44.2 115.3 62.6 34.0 40.3 33.6 54.6
196.1 48.3 375 1071 1253 37.0 106.1 36.0 35.4 535 59.4 43.0 101.3 68.0 26.0 421 48.9 53.8
177.3 120.3 40.6 68.6 107.7 141 97.8 22.6 38.3 50.1 55.5 48.8 118.1 63.4 375 39.9 18.1 417
167.8 110.9 42.1 70.3 1111 15.0 91.4 22.7 39.9 49.4 46.0 30.7 1117 718 38.3 419 48.9 50.8
161.3 99.0 43.1 82.3 106.2 36.6 108.2 51.1 426 479 49.3 40.1 96.7 82.6 30.4 41.4 56.1 52.2
170.7 1165 40.5 839 98.1 40.3 93.6 29.4 28.1 439 39.3 434 90.5 66.6 285 33.2 33.1 63.4
176.7 122.8 385 93.1 116.4 40.5 85.5 235 475 53.8 61.5 414 89.2 73.8 32.2 317 14.4 64.9
163.1 109.2 41.0 60.4 87.3 154 93.0 40.3 455 44.7 44.8 57.0 318 113.2 40.2 33.2 6.2 479
157.8 100.8 414 63.5 107.5 16.4 84.2 3.7 57.7 425 21.2 66.5 89.5 67.8 39.1 311 114 61.3
157.8 102.4 41.1 63.7 86.2 239 103.4 50.1 38.1 40.0 26.8 425 80.1 70.5 315 32.0 29.5 58.6
155.3 93.4 414 66.0 103.2 253 105.7 52.6 38.4 38.0 9.2 46.9 74.2 717 33.8 32.8 8.4 46.3
157.4 74.1 39.8 68.9 76.8 29.9 105.4 53.9 41.1 38.2 12.9 46.9 35.0 717 39.2 29.8 171 62.5
153.1 85.5 40.4 72.1 105.2 33.4 99.3 49.5 45.6 38.3 12.9 50.0 63.5 64.2 29.9 29.7 15.8 57.1
162.9 115.8 37.6 84.7 125.9 32.1 98.4 49.9 36.6 37.9 3.8 50.5 63.7 77.8 37.3 32.6 385 48.4
159.9 67.3 38.0 80.5 63.0 35.9 89.7 425 43.0 38.9 15.1 55.6 543 76.9 29.7 323 40.0 453
1524  103.3 384 55.9 89.8 16.4 835 31.8 51.2 495 52.4 355 58.9 76.0 36.4 29.0 64.0 78.1
1455 93.9 36.8 57.9 103.6 17.4 87.4 40.7 50.8 417 49.2 36.3 63.3 76.6 41.7 28.8 12.2 50.3
142.4 88.1 35.2 56.6 83.1 174 99.6 54.4 41.8 44.6 445 415 343 66.3 125 28.0 1.0 54.9
141.2 94.3 343 64.1 67.7 253 92.8 49.1 47.8 43.1 41.4 44.8 434 64.7 24.4 28.3 9.9 46.8
132.3 106.0 43.0 60.9 94.8 27.8 79.1 225 32.0 43.8 44.2 46.3 35.0 72.3 33.0 27.6 16.5 51.8
1334 109.0 425 62.7 104.8 21.7 76.2 21.2 423 415 36.1 52.6 33.4 70.7 35.2 27.0 11.9 54.8
133.6 69.1 41.8 711 120.1 29.2 101.3 52.8 30.2 51.5 60.8 425 55.5 56.6 22.4 26.9 7.6 55.2
1339 1158 395 66.3  106.0 32.7 96.2 49.8 32.2 53.5 62.6 40.3 50.2 63.4 17.3 276 55.7 66.8
123.3 77.1 39.3 67.6 77.8 35.7 89.6 46.0 37.3 44.2 39.4 30.8 56.9 62.5 318 26.2 115 53.6
122.6 101.5 39.3 72.7 1111 37.7 87.8 48.0 45.7 40.2 25.2 64.5 50.1 60.9 30.1 29.8 36.8 41.2
1211 73.1 36.6 56.9 109.2 21.9 74.0 28.1 48.7 419 39.9 63.3 33.4 115.9 34.4 253 13 55.9
118.0 92.7 37.9 61.6 76.0 335 82.1 44.7 42.8 37.7 20.4 35.0 55.6 53.9 26.4 254 49.5 78.8
117.3 99.8 365 53.4 76.4 26.4 76.8 36.2 50.8 36.9 20.6 453 448 65.1 8.6 25.8 5.2 46.9
116.6 85.9 36.9 50.3 102.2 19.0 67.5 131 41.7 41.2 40.9 41.1 51.8 60.7 27.2 249 12.6 50.0
115.7 82.9 35.9 58.8 98.1 37.0 85.3 47.9 32.3 40.7 39.6 423 48.0 86.2 32.8 245 65.3 71.2
115.2 76.3 33.8 62.3 129.6 24.8 82.2 46.7 36.0 36.1 4.8 52.3 24.8 93.5 35.6 23.7 235 55.3
116.8 725 33.4 51.4 77.8 29.7 68.6 9.0 58.5 38.8 26.9 61.8 49.4 66.4 333 24.0 717 76.6
1215 120.0 27.9 48.5 62.8 18.1 86.2 56.2 43.0 38.6 20.4 64.0 28.0 78.9 20.6 23.1 9.6 54.0
107.2 73.9 49.8 46.6 79.2 26.3 84.0 55.4 46.9 46.1 56.7 45.6 343 102.8 235 233 19.0 51.4
116.4 52.3 43.8 57.5 1105 40.3 69.8 32.3 38.7 37.1 253 37.9 42.8 59.2 22.8 22.6 425 49.7
93.2 107.6 41.6 473 78.2 33.2 71.9 41.6 49.9 41.2 431 39.4 43.1 60.9 26.0 22.3 37.8 49.4
89.0 66.5 355 419 95.9 215 83.2 56.1 41.1 34.1 0.0 47.6 457 63.4 34.1 21.6 36.0 53.6
90.8 117.4 345 421 91.9 231 83.3 56.8 421 39.1 40.3 35.4 19.7 89.2 329 19.2 10.7 52.3
81.4 97.3 34.6 48.0 65.4 32.8 74.8 47.1 48.0 36.5 33.8 427 39.0 83.8 34.0 20.0 49.9 55.6
78.4 85.7 31.9 38.0 100.0 11.2 75.7 50.3 53.8 34.8 245 451 29.8 74.0 20.7 18.4 32.1 59.1
74.9 99.6 25.8 423 112.0 27.2 83.2 59.9 47.8 34.1 14.6 54.0 36.9 70.9 36.7 19.2 243 47.4
83.5 100.0 45.0 40.4 97.3 29.4 74.7 39.8 28.1 43.1 59.7 50.1 33.1 87.2 38.9 17.2 28.2 66.7
83.8 113.9 40.7 45.0 102.0 37.7 62.0 23 56.8 37.2 426 473 39.7 83.0 42.0 16.8 35.1 58.7
85.9 121.3 37.6 414 77.8 34.8 63.4 13.9 59.8 39.5 52.1 50.2 36.5 82.3 39.2 16.0 19.3 68.4
775 86.3 41.2 35.2 72.9 25.7 84.3 60.3 39.3 32.8 20.3 432 29.9 75.6 313 15.9 9.3 70.2
742 82.7 379 40.1 125.9 26.7 66.7 32.3 60.7 40.7 43.7 25.0 23.7 119.1 19.6 18.0 36.0 45.1
68.5 94.8 31.6 36.2 115.7 27.1 785 59.6 50.4 33.2 20.3 62.6 10.4 105.5 417 15.6 9.0 75.1
89.1 88.7 54.6 37.2 67.1 355 75.7 56.8 54.6 31.2 15.2 37.6 33.2 98.3 457 16.1 20.6 52.5
80.9 87.9 50.3 32.1 85.0 29.4 64.1 315 37.0 32.8 313 56.2 26.2 87.9 455 15.2 8.2 61.3
78.2 106.7 46.4 31.0 127.9 18.1 60.8 235 427 329 30.9 58.1 11.0 92.6 34.2 15.0 233 76.4
80.3 64.6 446 285 98.6 413 67.1 39.9 389 346 425 56.6 15.1 46.3 87.0
79.2 67.5 451 21.7 65.2 16.5 79.8 60.4 41.2 343 38.7 61.6 14.6 41.4 70.2
76.3 72.8 44.9 66.4 39.1 321 30.4 14.9 39.4 15.6 16.9 44.4
7.2 59.9 39.3 60.1 26.2 36.1 325 345 54.3 14.4 29.4 58.1
70.2 85.3 424 60.5 29.5 59.0 29.9 4.2 62.5 14.0 48.2 85.7
76.2 59.3 37.9 73.1 60.0 48.2 30.9 28.4 60.4 13.9 67.3 76.7
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Table X Velocities and angles of fragments measured with secondary collisions (continue)

0_04 45_02 45_05 70_01 70_03
3Dv |Be¢ Pe 3Dv |Be¢| Pe 3Dv |B¢ Pe 3Dv |G¢ Pe 3Dv |Be¢ Pe 3Dv |G¢ Pe
m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg m/sec  deg deg
68.8 91.3 413 57.7 29.2 56.3 35.8 56.0 50.2 14.0 48.8 52.6
68.9 83.5 41.0 56.7 19.9 59.7 32.7 42.8 61.3 13.9 56.5 57.4
66.5 90.0 39.0 55.9 324 52.5 29.2 17.6 343 12.7 30.2 64.8
67.6 74.8 37.6 55.2 28.4 55.1 30.3 255 62.4 12.9 46.1 65.7
66.9  109.0 35.2 55.8 30.6 56.0 32.9 48.1 59.9 13.2 50.5 59.3
75.7 51.8 29.7 53.4 30.3 475 21.7 10.6 51.2 12.6 39.1 63.4
66.4 68.2 33.0 59.5 49.3 49.5 32.4 49.2 59.0 12.7 47.3 65.3
62.8 103.6 321 53.2 29.0 53.6 285 24 64.7 123 40.6 67.1
639  109.7 30.8 60.6 485 422 29.0 6.6 66.9 12.5 251 485
59.7 106.9 253 49.0 15.2 44.5 26.6 10.4 41.9 12.4 18.2 46.2
85.2 73.8 55.4 59.5 50.2 41.8 28.1 15.7 63.4 10.6 44.2 54.6
74.0 123.1 415 60.0 51.5 421 26.0 7.8 44.4 10.4 46.7 57.6
64.2 84.9 433 58.6 49.7 44.2 27.1 175 63.0 9.3 72.9 733
64.5 57.2 30.9 52.5 343 52.4 29.7 37.6 21.7 79 0.7 58.6
51.9 80.5 24.6 52.3 33.2 54.9 25.2 141 36.6 74 33 79.4
76.8 125.2 51.9 52.0 29.1 311 255 231 50.8 75 51.2 76.0
64.1 120.4 455 63.8 56.2 353 23.6 17.2 53.5
62.3 1203 44.0 51.6 375 483 26.9 48.0 58.0
58.4 123.6 37.2 54.2 45.7 49.7 22.7 9.0 34.6
452 86.2 30.7 56.1 49.8 47.4 21.8 6.5 58.3
45.1 84.3 30.2 52.4 40.2 37.4 26.4 57.1 55.3
42.1 86.1 22.6 459 16.1 46.8 20.5 0.3 433
66.1 126.8 475 473 22.1 56.3 20.6 13 55.8
62.7 123.2 47.0 53.9 48.0 452 19.2 13.9 36.1
573 46.9 313 49.2 34.7 50.6 20.0 33.6 53.8
62.5 114.2 54.4 47.8 285 51.0 20.9 49.0 55.1
61.7 121.0 51.1 47.6 26.0 54.2 17.2 11.0 45.0
56.2  103.9 52.5 57.5 58.1 50.0 16.1 6.1 43.0
552 1075 50.9 49.8 39.1 40.2 16.3 9.8 53.4
49.7 78.2 47.0 53.4 51.1 45.9 16.0 19.1 41.7
38.0 89.4 29.1 55.9 56.4 45.6 155 5.8 53.1
54.3 109.7 52.7 49.8 43.2 53.2 14.4 21.3 37.1
31.6 79.7 28.3 427 9.3 413 13.6 19.2 52.6
50.5 424 35.8 13.2 15.6 54.2
56.9 54.5 35.2 13.2 235 54.6
42.8 10.6 51.2 14.1 40.5 52.4
45.0 29.2 48.4 12.9 16.2 58.5
434 125 55.3 10.1 13.0 47.0
43.8 137 57.4 9.9 14.9 49.0
438 8.4 59.2 9.0 14.3 43.9
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Fig. 3-22. Ejection angle and velocity of fragments measured with secondary collisions: Origin was set on the
target surface and center of the pit. Elevation 90 degree means the direction same as the normal line of the target
surface. Azimuth was set 0 degree in downrange direction. (a) vertical impact (0_04), (b) impact at an angle of 45
degrees (45_02 and 45 _05), (c)impact at an angle of 70 degrees (70_01, 70_03)
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Fig. 3-23. Histograms of ejection angle and velocity of fragments measured with secondary collisions: (a)
vertical impact (0_04), (b) impact at an angle of 45 degrees (45_02 and 45_05), (c)impact at an angle of 70 degrees
(70_01,70 03)
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Table XI Characteristics of fragments in each ejection time bin for two vertical impacts

Ejection time at No. of .
run garget surface  fragments Ve 0. X(z=0) Fragment radius
NO. msec m/sec degree mm mm
0 01 t(z=0) <2.5 251 25.83+15.31 59.9*16.2 14.0=*6.1 0.6+0.6
2.5<t(z=0) <5 69 6.83+2.36 77.5+11.6 7.5+58 0.5+0.2
5<t(z=0) <10 262 3.36+1.29 81.1 8.9 3.5+4.1 0.5+0.1
10< t(z=0) <15 200 1.89£0.50 80.1 =8.2 29*35 0.5+0.1
15<t(z =0) <20 138 1.427+0.39 78.0+8.5 3.1+238 0.5+0.1
20< t(z =0) <25 54 1.10£0.36 77.5+10.3 3.6+3.4 0.5+0.1
25<t(z=0) <30 33 0.99+0.43 7427+10.3 45*3.4 0.5+0.1
30< t(z =0) 100 0.91£0.37 73.6 +13.7 6.4+6.2 0.5+0.1
0 02 t(z=0) <2.5 37 21.11+6.77 66.9+13.3 16.8 £5.6 1.60.8
2.5<t(z=0) <5 32 14.31+3.98 78.2+9.1 14.4+10.0 0.9+0.3
5<t(z=0) <10 85 7.56 +2.57 834158 6.0+6.7 0.8+0.2
10< t(z=0) <15 139 4.947*1.63 82.9+5.1 6.4+78 0.7%0.5
15<t(z =0) <20 142 3.25+1.02 80.8 =6.4 5.6+54 0.7+0.1
20< t(z =0) <25 132 2.48£0.90 79.8+7.0 6.216.2 0.7%0.1
25<t(z=0) <30 82 1.96 £0.81 78.5+8.0 8.016.9 0.7+0.1
30< t(z =0) 117 1.30+0.63 75.1%11.8 7.7+6.4 0.7+0.1
0 06 t(z=0) <2.5 80 11.63 =13.60 86.220.3 73+6.5 1.5*1.5
2.5<t(z=0) <5 82 4.47*1.65 88.7118.0 7.6+6.0 1.0+£0.8
5<t(z=0) <10 129 3.18*1.01 90.8 +13.4 6.61t4.8 0.8+0.3
10< t(z=0) <15 95 2.317+0.82 91.6+10.6 7.7+5.6 0.7+0.2
15<t(z =0) <20 67 1.91+0.57 87.5+9.9 9.4+59 0.7%0.2
20< t(z =0) <25 39 1.54+0.55 83.0+13.7 9.2+6.7 0.7+0.2
25<t(z=0) <30 30 1.600.70 82.615.4 9.9+8.9 0.7%0.3
30< t(z =0) 44 1.320.76 72.7+20.3 10369 0.7+0.3
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Fig. 3-24. Initial positions and ejection velocity vectors of fragments: Each origin of vector represents an

initial position of each fragment obtained by extrapolating its trajectory to the target’s surface. Cross sec-
tional views of craters made by every impact angles are indicated. Polar coordinate which originate on the
target surface and on the pit’s center is employed, and its elevation angle set 0 degree at the target’s surface
in downrange direction, 90 degrees at the normal of the target’s surface, and 180 degree at the target’s
surface in up range direction. For some fragments which 3 dimensional velocities were measured, 3 dimen-
sional velocity and initial positions are shown on the same plane as those measured in 2 dimensional. (a)
vertical impact employing a slit (0_01)
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cameras (0_04). Some fragments are measured in three-dimensional with secondary collision on the win-

dow.
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Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (d) vertical impact without em-

ploying a slit (0_06). Some fragments are measured in three-dimensional with secondary collision on the

window.
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Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (e)impact at an angle of 45

degrees, employing the slit(45 01).
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B 3-24. B OFME S BHEENY M () HRAELASE, AUy L, /NSTRM
RS mm B OEEDOH A . (45_21)
Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (f) impact at an angle of 45 degree

without employing the slit, with a projectile 3 mm in diameter. (45 _21)
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Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (g)impact at an angle of 60 degrees

without employing a slit (60_01)
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Fig. 3-24. Initial positions and ejection velocity vectors of fragments: (h) impact at an angle of 70 de-

grees without employing a slit (70_01). Some 3 dimensional velocities were measured with secondary col-

lision on the window.
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K 3-25. i OMHERE & AE: FoEzofaoMmid. TRMY —5 y hRETOE, &
BAMTIOE, By —7 y RETIS0E L7220 KD ITHR Uz, () EZRMEOE, AU v
r&» D DIFEO_01) (b) H2EMAEOE, AU w bd D DHE0_02)

Fig. 3-25. Ejection velocity and elevation of fragments: In the case of oblique impact, elevation was
extended as follows: set 0 degree at the target’s surface in downrange direction, 90 degrees at the normal of
the target’s surface, and 180 degree at the target’s surface in up range direction. (a) vertical impact employ-
ing a slit (0_01), (b) vertical impact employing a slit (0_02)
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3-25. BMFr oMM EE EARE: OFERAEOEAY Y ML OHE, 2 KERICES 3K
JLIHE DB 0 (0_06) (d) HE2eAEO0E, AUy Mal., PHROHEZRIZEID ZDENO_21)
Fig. 3-25. Ejection velocity and elevation of fragments: (c) vertical impact without employing the slit
(0_06). Some fragments are measured in three-dimensional with secondary collision on the window. (d)
vertical impact of a piece of sabot without employing the slit (0_21). The target splited into two pieces.
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B 3-25. Mt DR HIEEE & A E: (WRMAEASEAY v FdH D DEE.(45_01) () H7LsMH
A5, AUy bal., /NEEMANAE mm B OERDE 5. (45_21)

Fig. 3-25. Ejection velocity and elevation of fragments: (e)impact at an angle of 45 degrees, employing
the slit(45_01). (f) impact at an angle of 45 degree without employing the slit, with a projectile 3 mm in

diameter. (45_21)
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Fig. 3-25. Ejection velocity and elevation of fragments: (g)impact at an angle of 60 degrees without
employing a slit (60_01) (h) impact at an angle of 70 degrees without employing a slit (70_01). Some 3

dimensional velocities were measured with secondary collision on the window.
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L7einolz 005 OF =2 2#H05Z LICL W RITFOL7RNT —F 2RIz, 0 01 THEHLEZA
Uy FOMEIE 20 mm Y, 2T pit FEIKOER 26 mm ([ZHEEHISTV, L7235 T, pit fEIEKO
IHAY v MZEBLNLTWD OZHMFHE T 4% 5, £ 2 THBRZIT I IZHT- > TiE,
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m/sec ThH5H, ZD TMR-E2 Z [l TH LT —Z &y MIEEEE S A Z Shimazu HPV-1 T
SR DS H 70 misec B2 DL DOEME LT, TMR-E2 I[Z XV FHIL7=. 70 m/sec
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TOHR DS H, HMEFET 85 %DM AT\ U TEM A O HREE, WIMIAE, M,
BBLEZOEEDOERNBHEONIZZ LD, A% DT —F &y N BEHEEO FHER & T

FEFES 005 (FAY v hEHAWRWEERRO T, Shimazu HPV-1 AW T L727 —# i
2 WICHHHE TH D0, HIEED 60 m/sec 22 5 mEEHEDH T OHAENRRKEL D
ZEWRBENTWS, FERICL VLN OBIX 1323 FTH 5, A EEICE LT,
R ORESy L TEORNE, EEOEOFMZIT > Tk~ 5,

-80 -



500

A I L .% Ejection Time (msec)
" t(z=0) <1

o 1<t(z=0) <2.5

2.5< 1(z=0) <5

5 <t(z=0) <10

10< %(z=0) <15

15< t(z=0) <20

20< 1(z=0) <25
25<1(z=0) <30

30< t(z=0)

—

o

o
|

»

L 2

=
T
*

<

Ejection velocity (m/sec)

—
|

0.1

0 10 20 30 40 50 60 70 80 90
Ejection Angle of Elevation (degree)

B 3-26. 1 run 3 OB OFEERK: EBRF S 0 01 TTMR-E2 ZHWCEHIL72T OS5 H 3 mm U FOb
DL, T &R UERIZIHVT Shimazu HPV-1 ZHWTEHIIL 72 A D 9 5 70 misec LA DR % £
H D& FEERE S 0 05 CTTMR-E2 Z W CEHAI L2 0 5 6 3mm LA LD b D & & V- TRk L7z,
Fig. 3-26. Reconstructed data set of fragments, which will obtain in a vertical impact: Fragment’s data obtained
in following experiments are gathered. empirical run No. 0 01, pictured with TMR-E2, smaller than 3 mm, empirical
run No. 0_01, pictured with Shimazu HPV-1, faster than 70 m/sec, empirical run No. 0 05, pictured with TMR-E2,
larger than 3 mm.
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Fig. 3-27. Ejection time and elevation of fragments: In the case of oblique impact, elevation was extended
as follows: set 0 degree at the target’s surface in downrange direction, 90 degrees at the normal of the target’s
surface, and 180 degree at the target’s surface in up range direction. (a) vertical impact employing a slit (0_01), (b)
vertical impact employing a slit (0_02), (c) vertical impact without employing a slit (0_06) (d) impact at an angle of 0

degrees(0_21).
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Fig. 3-27. Ejection time and elevation of fragments: (e) impact at an angle of 45 degrees, employing the slit
(45_01). (f) impact at an angle of 45 degree without employing the slit, with a projectile 3 mm in diameter. (45 21),
(g)impact at an angle of 60 degrees without employing a slit (60 _01) (h) impact at an angle of 70 degrees without
employing a slit (70_01)
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Fig. 3-28. Ejection time and initial position of fragments: (a) vertical impact employing a slit (0_01), (b)

vertical impact employing a slit (0_02), (¢) vertical impact without employing a slit (0_06) (d) vertical
impact without employing a slit, with a small projectile (sabot). (0_21) (d) impact at an angle of 45 degrees,
employing the slit (45_01). (e) impact at an angle of 45 degree without employing the slit, with a projectile
3 mm in diameter. (45_21), (f)impact at an angle of 60 degrees without employing a slit (60_01) (g) impact
at an angle of 70 degrees without employing a slit (70_01)
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Fig. 3-29. Fragments of the reconstructed set for one vertical impac: (a) ejection time and elevation, (b)

ejection time and initial positions, (c¢) histograms of elevation (d) histograms of initial position
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