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(3)M, " =3.0(M, >4.5,a >>0.95) M 5 B AR ) Jy 2742 100 DX 18] SR T A 3l g 27 1) 2% e S U
BERY /e A Sk B e T LA BB F oA
F=0¢,=H+pv"/2 (29)
2.3 BREERUTERE
2.3.1 E4kiEm
T LA (R 90 S 5 /NS S g AR 1 A AR DU SR T (R M) 1Y 3 B R RN R SR

mh=—nriF, h‘IZOZO, /.z‘,:ozvjo (30)
K my JF oy 20900 R SRR 0 B L SR AR B BT I SR AR AT AR R L o SRR EAR . MR 2R IR
1A AR BET pR E A 2 (27) B 45 21 K 3 AR R R B 3 A X

h:#[v —iln(l +f—v” 31)
K a.=47./3.8. =« p.cr HZAXEA M Bernard 24X MR AT 2 0 24 1 B A2 AR B2
AT B P8 - T 4 A5 AR, S 1 S B AR AT 38 R 24 2 Sk B R T B A AR R T B SRR R T, 3K
S1E N a B FEFRSEASTE B T R b Ab A 2 R SRS IR AR ) 5
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TRV Y v /cp = 0.1 B 220G 1) AR AT pR 802 2027 i BET 4 /3) B3 I/ T
50 » AR BHELAT 32 By R 0 e R 22 331D AT fRT AR A -
T
A2 WIS UL T8 T3 — R8BI A R AR
o WE A A AR 0D B A G I A B A i P o, HH I SRR B — S B0 B kA2 A ) R R i 3
BTN o SCHRE AR AR 52 36 0T R A7) A A ol o

(32)

5

m;expa. [%j UV = Ve
m= ¢ (33)
m;expa. (Mj U < Uy
‘UCI'
K a. HTENSE ATARIE L6 E . WK R 2 3l 7 A8 R BH B ek 50n] LS R
772%:—71'}’31:, F=kp.pv 3
BUMS B3R R IR b 26X
ml
/1] mvm Tio 2 Uer
L= (35)

m;
7; Ujo Uio < Uer
7 B

ﬁW:M:wam{mbfﬂﬂiﬂ}+mpr{L*M%ijMZﬁﬁﬁ%@%ﬁh

2.3.2 #AARAZ
Bifi 2 LA T RE B0, 245 0y /e = 1.5 B L ARUR IR I B Be . 7E 42 A 3 (28) WF 58 ik A=
WIS 2 R DN R @ = @ (v) AR AL RAE SRS P AR AR AR fksg . A2 af
HLLUAM, ~1.5,a" —wa—wWﬁM%@ﬁﬁﬂWﬁ%ﬁﬁ%Tﬁﬁ¢M&~45W»Q%%ﬁ
TR EN St o =1 ARURACIR S B, 78 1.5 <M, << 4.5 XA, il TEPRELZ o(v) B9 EAK K
#, A4 Boltzmann PRELZS H « Bifi 555 45 fK 1 ¢ R, Boltzmann bR 2R 80T AR b B2

Ko Mu<1.5
2k — 14 M , (M,—1.5
K=V o Mp—ij;—j 1.5 <M, < 4.5 (36)
1 M, > 4.5
J_:EEF‘:K(): [1+V)o
1—v
PR S R 28 20 (36) X 24 22 1) A7 A& T AT AR 7R 58 RS TR WNIR R
ho_(A—0
L= ( ) (37)
ﬁ$ﬁ=JH“}@*§j&M&%%Mﬁm%b6»ﬁﬂ?%ﬁ®mﬂuﬁ%ﬁz
h A
—= (38)
L

%x»L%ﬂﬁﬁﬁ%%ﬁﬁﬂ%%%on
2.4 BEERMTEEITERE

16 M, = 1. 5 (2055 [ 3 AR B4 0 2 A R A e /s Ol 6 IX A 160 3 2 e /N5 A 1 R ) T2 T
SR 2 5 L 30 4 5 3 A o i 9 B A
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2.4.1  mERSORILE B A

L. L. Slepyan™ 3R F an & 8 Fr7w A #E BIF 55 1
L e R AT T A A B R S T L B 8 T
P AAR DX, 32 DX B 1 0 1 25 T DA TR &b R T
JE 45 BRARR AR 5 11 S 280X 3% X P 1 02 a5 (o B AR
N Ay S DX AT TH DR R 3 A0 W0 4 1 B ) 27
fiE . HFAEM IR (DX T AT RRHES
KRR s SRR H #2580, A NI p<<H
A A B A T DRI A I b g e i R IR 3, p =
H IE2Imik X 52 o X /i 54, IF H b6 & A
R ZA AW E « W sh, (2) #ikiE g2

FETARAY BT o3 i 2k B rh AT 0 OF HOR AR R AT S, [ 8 U AR ) A A 9
VISR S 22 05, 34 80 kA B9 1 2 L) TE A8 T R Fig. 8 Crater range of rocks penetrated by
HERY X R ek BLE A 5 2 s XA Y hyper-velocity projectile

EARBNFRERN., (HBA T BIGRIEME, LE
AREEFH R T BARTEAR HE R IR 2L R R, Wl R e X ag 2642, Rk, IR ) BB 55 4k Sk U
TR A BAE T by i B0 45 18 v 28 31 0 BE RS B %) 9 8 [ 23t
TR TE Slepyan $2 H AR A LRl T, 38 o X AR 8D v R AR T A48 1 L A5 2 X8R T N B4R 55 R 5 BE AN
BTN
%p‘vz—ﬁ—H:%ptvi, 9y (RE —78) v =Riv (39)
R} —r*
RE —

A 0, DA [0] i WG RT SR 9T 1438 FEE R B L 68 B2 T p =0 B L5 9,
B0 FRAE T A0 510 Jim W S e o ok R AR AR L

i (39) 753 .
_ 3O _ 1 ( 1 )2 _ Vi
RQ o 1908 - 1 ’ 3 1 + P MU ’ Ma 75 (40)

A3 C40) S i R TR AT B Gurevich™ BT FE 4 R . 0 T S 4R 440 3 288 [6R] Ak % il o A
V7] RS A Al G A2 2, LR S 6 15 B 20 A 3 W ~F T ) AT 5 i o o I ) TS 447 S 00 2 80 A AR 45, T L)
o 25 ST VA T 50010 1 45 S0 2 50 O R 681 S ) e 0 S 0 A . - T ) LS 4 AL 19 2R el T )
A5 E -

DA R A JoR % A5 PR R 45 9L R

_ &
s \EF T EL+1 &+1)e
. : M N [N
Ao :/Her:; S TR 2K A (0 << oy < m/2),

2.4.2 BRIABRGELRFRITHE

Hb T B R T4 Al O I 9 6 BH 0 R S TS R O R D R e 5 AR A I R T 2 B I i R
ANEE IR G o RIS 0 28 4 40 DXAR) B A PR RRURE G o TR b, TG I 2 i e 8 55 328 3 B L 0T b 45 o5 T Bt o 5
RB AR 30 2 Ry B P TR B 48 B A5 A0 T30 7 1% L 00 T 0 8 BT AR 1) B IX AR R RV

WE S FiRs, B X T RO ER R HBAEN R p=H N RS . HIEE E,
Lamb RECH Aspu(p=G), LW REARE v, Wi 28 E o K. . MR SCik [30] 0] 15 24 80 X N 3 1 A %
u(Ry) M.
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IR, 1 (33424 ) Ay, }
R R
iﬁ*:d—RS’b—Roo
WM KT ENERE SN Z PR,
1 2 Ju(Ro)
5 X ARG p IR, =2mR. (43)
fefai X (43) 15
o PR, 1 [ 2d+1 1
7 E b [2(1—61)} =27 (44)
MG B R e & 0 (4 R S5
_ /33 =5 _ Re
d= 1 ~ 0. 187, R ~ 0,571

2 S8 B AR [n) 80 Ay il 6 B ) 8, HABRE v =1/3,n = 6n 4 EIRERA KX UDH T

R. ':Tt (d+0.5) 2}1/3 (szOJ 1
n(l—d)’ yE

R,

(45)

2 _ .2 2
mﬁﬂhiﬁigll~Luﬁ%Aéuzg;%@T%ﬁ%%@ﬁgﬁﬁoﬂu@ﬂMTﬁ
B RDL G 2R
1/3
%%O. 42 (%j (46)
0

12 5 (46 7T A B B A 1) B4 01X A2
2.5 BEEDEBLNELRTER

AN TR T W e b ek HC G T 3 R A A% T4
FE 388 1 S04 09 3R B b s A Y ol 8 7 A 5T
0 255 5 S5 LA 3 RO R R — A
LA R R R G, HE R
S (01 52 36 0 L S o 0 B A R T R S
SE RGP Y ML BRIE S B b ol
SO 5 5 — R TR A R BN R VR LK I
P IBEIY S0 SH . SRS AR I 9 o 2 7%

IR 2 TR BE R b PR R O T IR A5 A L, R, B9 R LR

Bl T R 842 RO S T2 HE M A R UIME Fig. 9 Shape of crater range
cotd =h/R, 7

A (46) L (37) A M, = 2. 0 IF T+ 345 21 i 0.6] yeo2, 1225

Hil 4 AR UME cotd RffE o MG S M, B8 i) AE

feiZe, e 10 fros . & 10 T WL, b T o R 04t

(18 384T0 R v T T AR L B0 T 9% 34 R e ) 2

2 fil 5 W R B4 T A 3K Sy R R i K "ozl

PR R BRAE T W B IR . DR Ah L BR S BT I R 4

VT Z AN ARYEIZEE X 1 700~5 100 m/s &4 o ; . ; y

F1%) L e o R o A, S PR A e A il D R M,

JI R 5 M T A AR A B R R O R Bl 10 Bl A BE i o 0 725 Al o 2

W, T LK R v A T e A RO, A A R Fig. 10 Relationship of crater angle with projectile speed
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A 2 2 247 f K AN AT S8 S0 4G, AR YA MR K AT 5 R e 3 8 T 9L e o RO

Vg A v TR o R ) SR AR A 5 R Bl it Y R U R T ol ol BT B AR AR 2 R T
i TP AR B A ST DA B8, 0 1 AR AR AR 24 Y i B b s SR A S R A ST AR RN 25 4 [
CRAGTIR BE AR [R] L ST AR A W]  BE AT I — 25 4 Sk o 9 b op s 2000 S % PR, DA SRR BRI 28 R
SERUAR b A T M L o SRR AR R RE SRR

w eSO A AR 2N RIS R S AR AL, N A T2 A 8 SO (Livingston) e
SHEA R L #5) H B R (Bopeckos) 23 20 L 22 A& fR 3T (Langefors) A2 L 31 Fi & & (Bnacos) AR I 72 B R
Hir B (TTokposeknit) 24 XA, 3 4620 ARAAL , B 5T 7 el LU 4200 . 2 T8 ) R AL %o b AT o 1 B¢
1 5800 45 3T T ik 2% B8 A 3L L HC o o BB T2 SRR TR AN BT 0 S T R BRI T LA 22 T 3 2800 A
RN, TR bR 2y i i A T AR .

Q=rkh’ [(1+n2) /2] (48)

K. Q HAFRE i by WIRBEZ 4640, 97 TN BN 25 IR DAL B L by = 1. 8~2.55 kg/m*; n,=R,/h
Ry ST B AE £ s h S 2GR X FE O e R o bR B L R IR B T EG R NI SRR X

G 5 S o S A e IR (46O 3B
i 26200 24 ) BB -5 R 5 A L S R E AT 0T L A5 B o A Sl 9 e 2 Y R A T R A
_ QI
1=tz M) (49)

AP QU NIEL R, 97 I IE S TNT JEL AU 4 184 k] /kg; 6=1 NI Yk, L Wik
Br S BUE T K AR R 25 5 1 vy LA o 1 B 5 5 AR B, B S (4 9) AT LSRR Jy T % 3l ) JE X
n A ke (50)

Aok, HZITFEEC th LR S HORGL PRI g L 25 B/ BEORE SR OL TR AR T L U AR A E
f o e, fELTE SE AR B AR SR AE R 2 8 Bt 5 AL 3 REAH ] ) i) i o

PRIt AT DA 7 e 48 o AL ) A5 508 2 R i 0 T AR 90 98 K b o o RO R AT A B AP R R 1Y
% e A B N R R R IR H, 325 R B R MR B R b BT TR B A R v i R 5R
BRJELRE b W 3 AR B W AN R R

H, =h+h, (51)
Hb b AS R SRR T R FH R R T A (R ) 5 R AR A ) A KOG ROk
h, =kor. =k.mk, /Q (52)

o om W IOIE R B b, R R X R SR EE A A0k, 220, 535 0P A B YL T TR k. ~2. 5,
3 (B)RERUSIBSERITE

3.1 AANEREREREHNSELTRINER
Shy 50 TIE B AR B AR R R S TR R T IR IR T v R 5 X AE B e AR RN S
AR ™ A AR O B AR I, F B R SR B A 28 L OF R © A 250 2 3R 530 s b 3 el A
RAMERE W 2 R RE M ZE R, LR AT AL KA S8R % oo =2 670 kg/m’ MRBHEH ¢, =
4200 m/s . FRANPLE SR EE LY 150 MPa, 541 H 555

YI5R & 24 50. 0 MPa, B UIH & G~~27. 0 GPa, Wi
BIE K. ~1.7 MPa » m"? ,JA® b v20. 2, 3) /7 1
B H~~3 GPa . 5#fF#JF c~1 500 m/s,

SR o P B HEAT L B — B Be itk AT 71 100~ B 11 SCg ik
1 800 m/s75 L JBE Y1 [T P %) vy T8 452 400 5 36, SR FH A Fig. 11 Experimental projectile

B 11 B R B BRE AT B SR 2 K L =54 mm,
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H i o5 38 4

AR dy=2r,= 10.8 mm, KK L/d, =5, 33 B R R E CRH=3. 0, # {K 9] 1R i & (A 7 5
HEAA B R SR R A 4 0 30CrMnSiNi2 A |, 28 33k $iab B f fifi

F8) m; =32.45 g B p, =7 850 kg/m”,

B/ HRC50,

HARSZT5 SR B AT 2 58 SCHR26 1, 181 12 Sy S92 56 11 Wig i) 98 O 1R ol DL 4 o 3l e g, 34 2
5 A [R] A 5 38T AR 2 A0 % R R [ A SR Y SR L AN ER 2 PR

o " L, S 4

(a) v;=1 196 m/s

(b) v;=1 426 m/s
e T

- &

(f) v;=1 752 m/s

< -
/ir.i

&l 12 R [R]fe40 3

(©)v;=1430 m/s (d) ;=1 600 m/s

(d) v;=1 808 m/s

S 44

() v;=1 789 m/s

FAET R R AR A

Fig. 12 Erosion status of prOJectlle under different impact velocities

S BLEAT T 1 800~4 200 m)/s 45 $LH BE U L A B4 g AR AU S L S ACR T S 8 — B B S
FRTRT AR o (E D B oy M R 2 B B St g e /s 1R RS o o SR B AR O 7.2 mm, SRR BT R
9.67 g SEERJE R ALGEE MEMEE S =Lt 1 R G058 BRI ARSS 5 19 07 R I HE AR B IR O

R2 E—MRIBEMKER

Table 2 Test results of the first phase

RGTERE ) ST

Sige=2

RVIGEE  FARSE A it

(m/s) M, h/L m/m;
1 1196 0.798 2.200 0.975
2 1426 0.951 2.704 0.968
3 1430 0.953 2.885 0.965
4 1 600 1.067 3.035 0.950
5 1654 1.103 2.481 0.950
6 1752 1. 168 1.619 0.313
7 1789 1.193 1. 539 0.288
8 1 808 1. 205 1.730 0.316

RIEHMRIRESENER
Table 3 Test results of the second phase
- RGTHE/ RGTHIE  REIRE R R

(m/s) M, h/L X & R./d,
1 1829.4 1. 220 0. 806 25.69
2 2 231.0 1. 487 1. 250 38.19
3 2 600. 3 1.734 0. 861 36. 81
4 2 806.9 1. 871 1. 444 39.58
5 2 878.2 1.919 1. 667 46. 53
6 3199.6 2.133 1.611 53. 82
7 3542.1 2.361 1.722 65. 28
8 4135.6 2.757 1. 806 78. 47

IR E LS 3PS IVNCRERH

= First stage experiment
301 e Second stage experiment

Solid (projectile abrasion)
25k penetration calculation result

Quasi-fluid penetration calculation result

==+ A-T model calculation result

20+

h/IL

15F

1.OF

0.5 ——

Mazv,/c
& 13 AR T 45 3 5 SC 00 45 %t L

Fig. 13 Comparison of calculating and experimental
results of penetration depth

300 i
e Second stage experimental results
250 L Quasi-fluid pefietration calculating results

= = Slypyen moglél calculating results

200

150

2R/d,

100 -

50

%0 15 20 25 30 35 40
M,,:vj/c

B 14 FEm M X AR T A 2 R 5 S0 a2 R X L
Fig. 14 Comparison of crater radius between

calculating and experimental results
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XFF 1800 m/s LA I (1% 75 #L BE 0 [T L S0 56 245 R JS SR 3 58 A IR ST JRC R R TC LA AR B . ik
GUl GARAS RN, 52 0t 5 ) B . X A R U] 1 ST 3 % Sy 1N ) I A 3 T 22 R U AR B
4 S0 T WL B R 58 A AR A B 0 A RS 2 . SC I v AT p B R SR T ROSE R h ar X AR
23 B TR AR R 1 A SR AR I = e A i A5 R B 13~ 14 W4y 50 25 T AR R L
PR R MR SR AR 5 A B Y O R R .

S B 55 5 (3% 2~3) A M L L % T 30CrMnSiNi2A A 4 B i 2 W46 5 5 Y SR 3 o, /¢
v, /el 1 B AR I BE B G 290 3B 4 Pk 1 0, DA TRT SR 1) BT Sk oK R AR 40D R R R [l g AR 1
JoT g /0N AEL 55 AR R) B ST AH L R A DX ) Y SRR B B R RN T 50, B RIPER BB B, Y o M
e 5 3 0., ) o TET S AR ) SO i B A ) B i o 2 A0 O 1) 2 D/ T S AR B b B B . > A (=AY
B v I8 B v /e, 5 B Sk 4 o8 4 B bt i B AR AR A0 B B, Bl 3 A 4000 B R 3 R TR P UK 9218
R AR IR B R 8 AR MR 7E M 5 AR Bl ) 2 W B — R (S R TR TR 18 AL L 3 T
] AR Bl ) AR AR PR .

B3 g5l TR (M, <1.5, A G MBI EIEE 1.5 <M, <4.5,2AG7)) WRIIE
EHIS AR SRS PR REX I, B 14 WA TR RBIEE 1.5 <M, < 4.5 WK
iR m R XA R (AKX 6)) S A S s WX L, G5 R R A T S AL
A-T HEAY R F oA R 462 B0 48 TF A9 40030 A4 4= 100 T SR A A CRMEE B ARG 55 & R A
NS CTDDEA R R E IS Eo M e 2 U/ R i TN
3.2 EAMBEEEM M LR

5 sy U b RS R B R R AR R T AR BT R R YD RO 3 K DA M v O R K R
T AR N A S v M T A R AR L TR T A A I R AR ) M b o S

SEWSR AR 7.2 mm BISRUBIE A, A B 9. 67 o (JR] M v AR 40 A o TS I BesE )
T A I ) A5 SR B AR AR 5 B A JE IR K S BRI SRR R i K 600 mm
M IETTIE . BJREE 800 mm, S ALy 6 J2 , 432 AR )2 (8] SR F 3R S IR E 17 R 45 JF Bl PVDF 3 B &
GRS . AR H AR 1 000 mm, BEJEE 10 mm A 4Kl #0 B8 AT C30 RIRBE H 1T 290, b oh i AE #5119
1 ey B B A A T 32 153 P 24 TR A2 RS LR g 2 o R A v il e o 1) 5 i) = 2 A7 R U8 BEL BT B R B
e, AR ERBBEPIZ A 1. 13X 107 kg/(m? « s) W BRI BHPT LA M 2. 71 X 10° kg/(m?* « s) . HJk
BHPLZ LE 2R 4 = 1, 00 406 0 A e J2 vh R 5 DU vk =22 i BRIV il e J2 i s i b H1 25/ F 10% . BT R
N8 2 /NT 440 pm BRI BGE LN 2.4 ke /s 00 H 4 3 76 IR JE H — IR FEIR T 24 0. 367 ps, SCER K
I e 445 0% Foe /N T R B ) 24 10 s s ZE XA S R o R4 % C AR IR i AZ 36 29 27 W W R 3 5140 5644, mTIA
Ry 53 J2 AT b oot e {8 Fs ) A B2 AR/

SCE RS T 3 558 m/s fE i BE R b b 8 L an &l 15 TR .

MAE b A T TR R P R A DX, AR SCRR (29 AT B BE IR S R A AR L v &= 0. 35, I R 5L
BRI T 45 5 0, = 1. 46, 17 4K i 25 Hh 98 90 1 o v 30 1) 0 R IO 1. 1~ 1. 20 AR Wi R 4K i A 1 4 R
SR 10~ 30 em 1Y Hb s (RGBT AR KA BP0 9 BE L TR A B 4K B A Y I A BR (2
3 GPa™) . HE AR SCHITTH 4347 1) 25 A 0 b o o ok A% B R 003 14 b o o5 D8 50 IO Ak o 81 AR X ds 5
SR DX 35 22 [ ) G 3 98 3R B0 g A 5 3 22 (]

W f8 5 B2 Ry 3 558 m/s 1945 W A5 ) (e S pRBICHUL G o S DR AR Q181 16 7 o e Rz g B
A MPa, 5 8 .47 K cm, 15 5 .

Prmax =16, 17 (54)
RI Uk A8 20 n=1. 4, SFIE T LS R 5 .
S0 v DA LR 52 A 0 Ak 1 iR i I R T L A U R LA AR DX R Ty W R R R U R RO R (R S G
AR /IS 33X — 2o I DX AR /DN I R B A 1 A% I, OB AE 5 0 0 AR b R T BT
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500 500
—10cm A Experiment data
5 —p, =161
i 15cm 400 - D r
—20cm
25cm
« < -
o B0 ——em g 0
E ——70cm ~
= 200} & 2001
100 100+
0 | T e 0 | 1 1 n
0.575 0.625 0.675 0.725 0.750 0.2 0.4 0.6 0.8
t/ms ricm
Bl 15 sk 3 558 m/s #OAAAS J2 dth v s i Ty A R ol 2k 16 SRR 3 558 m/s FEAA% 2t v ot dpl e v A
Fig. 15 Profile of ground shock in each layer Fig. 16 Attenuation law of the ground shock wave in target
with impact velocity 3 558 m/s with impact velocity 3 558 m/s

3.3 EAMEREEMMMERNNENITE

A I ST H 1 e 2l RE 5 o oy A 0T 5 D7 0k L AT LA AR e S T e A Y S T AR
M2y 4 MU £ T BRI I g 2 SR AR O 2 0 KR I T BT 25 45 L 5 R e o A SR o o
PARI AN EE VNI N DR a1 @ R RSV § 08 1T a2 R W 2 e S () VAP A ) 4 (= 5 6= 3 5 A N LA
P 5 22 i 2 SCHRE - BRI H B A S

DPmaxt/ 0<lr<1,
pm—{ N (54)
Pmaxe t >t
2. n
pmax :48- 77][\'[0!6P (%87‘] (55)
V(o)

N poe WEEET a=1/t, HEWREL, 1. =r/co HPBENE], o, HTHERE, £OFES RE o
PRV RE s co HAPCESE . Q JAERL TNT 285 S0 I AL BE B L Dy TE UG AL

500 450
—— 10cm 2400 —o— Hypervelocity impact
400 — 15cm
U 3501 —— Equivalent charge
300
a0 L ]
g 300 % 2501
= =
< Z 200
= 200} S
150
100} 1000
50
0 0.1 0.2 0.3 0
t/ms
] 17 S5 5300 2 4 O 7 dpde i R oty 42 [ 18 S5 S00HE 24 M 0 W {17 0 4005 155
Fig. 17 Time history curves of equivalent Fig. 18 Peak stress fitting of equivalent
charge explosion stress wave charge explosion

R 8 48 e ok oo A o K B A (0 SR (BRULEE B R 3 558 m/s) . W HUSE RH 25 1 M A SR R
J# oo =2 670 kg/m®, F i cp =4 200 m/s . IR KE OB S R E £ =0. 69, ATHL p=1. 72, BRI 45k
TNT Y& 1. 72 59K 3h A8 . Q=25. 22 g, D 435K 10.15.20.25.30.70 cm, % % DX B X B 5 A7 A i
S L T RAS X ORI AR B n=1. 4, t, = 0. 3¢, . HAZ (S5 TFF 10 55 5008 25 4% KE 1 7 51 1) il 2k
UL 17) 55 v s g o 7 g DO I R it 2k (UL 15) B AR G (0 — B0 5 7y 7 25 1147 1 % 3 vl i
LILTHLEE(WE 18),
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L5 BT Y T AR RO 24 4 T R A 1
i T | RS i =BT ) N2 B R L T e ) e
PR S SO b 4 1 B A ROTT R B BEA R, Jk
THAZ SRR W AT DA s B Bl Re LT T A
AR S NB PR R RE . A SR R e 3 e
LA LA 30CrMnSINIA , B FE -/ 7 850 kg/m® , K

—
\V)
[=]

100

co
(=]
T

Minimum protective layer thickness/m
=N
=
T

R 5. 0. 1~1. 0 t. 48 X 7 AR s 5T 40

SREEH 150 MPa, B R 2 670 kg/m® , 9\ I o i 20+ |

b0 m o DD 2.7 MPa « ST BRI 02 04 06 0.8 1.0 1.2
3 GPa, A5 50 2. 0 kg/m® . #IB (5115 H# Projoctilo masgi

JEH 1700 m/s(5 Hiif) 3 400 m/s(10 Thiff) B 19 52 AL T 5 0 B 5 T
5100 m/s(15 Hifif) if, fe/N B 47 )2 )8 B 5 0 Fig. 19 Minimum thickness of protective layer for
LR OC R AN 19 PR impact of hypervelocity projectile on granite

4 % it

(DX Z AR T 5 A B 3 38 TR 48 DL AT A 5T WEE%E@ME%EZJJ?&E%S@@%E,?,%Hjﬁ
AT 97 7 5898 A X2 9o I8 7 AR X 22 TR A AR 2 A e 9 DX, 33 — 3 U X L T o A R R A TE 5
~20 GPa, X 0 {216 38 B2 5 Fl K29 (5~15) Hibk,

(2)?*%%@?@%6&?—%@%F‘%E@B‘ﬁ@tﬁﬂiﬁi&,ﬂﬂ%%ﬁﬁéﬁibu,%aﬁﬁ?&f%‘“ $i
15> ANBEZ W AL IE G N 78 1Y — 20 4 . D BORE AR AR 8RBT 28 B 2 0 IR E TR R AR X
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Dynamic compression behavior of rock and simulation of
damage effects of hypervelocity kinetic energy bomb
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Abstract: The hypervelocity kinetic energy weapon that strikes the ground at the speed from 5 Mach
to 15 Mach has some unique characteristics of penetration mechanism and damage effects, which can-
not be accurately described by ths existing theories. In this paper, the dynamic compressibility behav-
ior of rock, penetration and explosion effects in the near zone is systematically summarized. It is
found that the actual stress in the rock impacted under velocity of 5 Mach to 15 Mach is between fluid
state and elasto-plasticity state. A theoretical model of hydro-elastoplastic-frictional penetration model
is proposed, which fills the gap of stress state between elastic-plastic state and hydro-dynamic state.
For the first time, the impedance formula is obtained, which can describe the stress state of whole
interaction process between target and projectile. The minimum kinetic energy threshold of solid pen-
etration, pseudofluid penetration and fluid penetration is defined. The methods for calculating hyper-
velocity impact effects including penetration depth, crater radius and the safety thickness of protective
layer are proposed in the paper. In addition, the accuracy of the theoretical formula is verified by a se-
ries of penetration tests with the impact speed from 1 100 m/s to 4 200 m/s.

Keywords: hypervelocity kinetic energy weapon; internal friction; penetration depth; impact crater
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