%30 % 48 w5 o & Vol. 39, No. 8
2019 4F 8 J EXPLOSION AND SHOCK WAVES Aug., 2019

DOI: 10.11883/bzycj-2019-0141

LR EREHEBSEEL KRN R
REVREZ

GFEXHE N, 2 3%, ZER,KEL, KAXK, AF%, BEHE R+ 8, KTH
(P FARBESE B, BEFE PE%E 710024)

WE: WEERE G AT 8O K U8 D 50 % 42180 TR 5 A o A AR A, R R S
FFJR T @3.45 mmx10.5 mm ) 50 % 93 W £ 5 4 1 JE 3 L 1.82~3.66 km/s 1) 38 & 48 T 7K Je 0 S 0 1 52 56, A
CT B IS Wi AR KA T 42100 TR B R ik A e 48 o o 8 100 2 fb ML A, ko v it et o ook AR R AT T BB A L,
S5 BRI S S E — 25 TR e T Y B AR . S5 R (1) U SR BT T+
Ty (2) 2 VR - R Y 5 3 S 3 K bl /N B 42, A L 2.6 ks B ST A A8 R AT UR BE A KA, 290y 8.5 ARG,
AT i G E AR (9 VR B O I B B (3) 3 i T A5 (A A 0L A 3] A LA T R ) R b oK AR A
FEI3H 4 A B, Hovb ofis 8 H AR B BR S = AR B B SR s R IR Y R B B (4) BT o R R, A
A ol 3 5 R B0, O v AR B B R AR TR AR AR R, T AR = AR B BB P A IR AR W) 43 I R AT, 3K
SRR KR AR, o SR R T 4R 2 R 51 KR /N B4

SRR MR RADR T SRS KD SR CT ER S

FEZES: 0385 ErrZERMXG: 13035 XHEkFREE: A

AR, RSN T “ A PiEATE 7 R, AR T X-43. X51 R HTV-2 5588 il C A7 4, R il
JEIRH) 2 km/s DL B, ¢ BAr 2 b7 SRR ASHES B T RE . BRI B T A £ 4 1 8 e o S oY R
Z AL PR A AR By 4 0 v 2 O T, S R T A TR 25 SRR (R H TR TR T
it 1) v AR o A TS0, EBRAET . AT AEDY IR T e R A LA e e o TR A A
W SEBGAIF Y, I-AE M SERTE b7 20 Sy T 8 i A AT SR ) . bl oy i B IR . AR RS IR T
SR e R o 22 2R EE R R R SIS, ARAS T P SUR ST YR B BE P R EMR . SR SN T R
T 4 JE Bk R BE AT, F AT T e AR S . A E R P A R e R b o [
TERE RS2 BE98 R RGETT 0, AR LML, LS AL | 58 4% 3000 oy 0 S8 = 258 1o ok AR A o 2%
BT SR B (B AR 32 4o A 8 e o 8 o A B[R], Antoun 4557 ]l GEODYN 2 7 40 T 1 4 J@
AR o AR YA K (AU, e T v R 4R o 1) R S A7 7 o XIS [l i SO0 R Y 8 AT o ) AR AR
T e O AR o 0 SN o DA BE R TR B = 0 R SIS IR, AR EE . 4 1A A TR R
Xof H i o 1) S A ML BRI O, o A, RORSE R a (- s G D L) L iy e v st it o 52 36 32 BT
BRUBEA, HATA WLAHSCHIE o A e o 5 o e A S5 L 1 R A58 [ 0 Pl i =2 R R 3 R 1 8 v sl o
SEHEAE, AT G — I AR SCIRANTHE RO RGO [ 8, JUTF J 53 2 km/s DA B AR RS 5 4
HETE S o 4R o K D S M SE IR 5%, 454 CT RIS Wi R 3R AR i bT s o S 0 508l , 1) FH 52 56 4k i
16 TE BRI T7 1, 456 52 50 25 FE RN BB AT A0L 25 AR 2R o AE T L 5 1 i o /K U D S 3 Py (R AU TR
AL AR

* Wk HER: 2019-04-21; 1&E HER: 2019-06-11
EE&WB: HEARPIFEE TS (11802248)
F—1EE: BIF(1987— ), W, WL, RIBFI R, 13572851949@163.com.

083301-1


http://dx.doi.org/10.11883/bzycj-2019-0141
http://dx.doi.org/10.11883/bzycj-2019-0141
http://dx.doi.org/10.11883/bzycj-2019-0141
http://dx.doi.org/10.11883/bzycj-2019-0141

539 4% 15 743 5 i i %8

1 = Bﬁ' 5‘5 HE Laser velocity measurement ':d" Flashlight

L1 SRR Gun muzzle e
St 57/10 “ AU LT, B ER =l = - -

BN 1 TR SR Bkt 57/10 — 9 ojectiq | | Sepration Projectile

R T A, B SIE 2 SO I X R SO 38 sabot

BT 7 0 A 5 9D o 3 R ees [ High-speed camera

F6 55 s AR I 4 B8 5 A T AR o K R D SR L B g s e

ST A B SR M, R CT R 2 Wi AR I al Fig. 1 Experimental set-up for hypervelocity

HUHIREAE S5, ST TR FH PO 4 U 5 AR LA 4 impact experiment

SR TRAT AR L G R, U o3 R AH AL B e U
2x10° s, ARSIl FH A T 2.5%10% 57, RITTIR
6] 2 145 ns, [ADEIEIER A K vh AT, 923 i AR AL
FIAEE IR R FIHOEAE 5 il &

1.2 SCigoe{k K2 93W #4 SH I AR FUK e Rb 2%
T8 e i e T S5 T S8 455350 oy e A 85 Fig. 2 Cylindrical tungsten alloy projectiles and
YA, R AR SCH B 8 T 4 D 4240 3 conrete fargets

AR 25 B e 1 93W B35 4, BB R 17.6 glem’®, FRASE IRGEE N 731 MPa, #4°8 @3.45 mmx10.5 mm
PIRETE SR . SEgR ARSI an 5] 2 B o
1.3 3R

UM 1) T S 30 1 A R R R T, AT R A O A S B ARORHL Rk BRI Al R BB, A
FLE R BO 1T, Ry 1 R A #0A Joi %) R 349 50 P X6 i 5 S 56 448 SR B4 5 W), B2 S 6 R R A KL R R A
AN T 30 B f /N AT R SH B Y 4 22— (80, AR SO S 36 SR 1) ELAR R 3.45 mm, HHE Ak RS 75 4 i 72
0.8 mm LAF o 175 R 5 A R BRI RO, Tk i 2 R, BRI e VD R R S AR R F 0.8 mm 7K
TP SRS & R RO ) IR BE LA AR . K IREDH T LU B0 A A Rk i TR 1, 76 7Y
RSP B o, AR AE RS, FLIR E BB, X BR AR JIVEF T, 33000 . & . &HE . R, 1R h
B3 T SRR R, K TR D R R AR AR AL, AT DL K PR A A B TR L AR AR R S e O
T, T AT 2 AE B e Ry 2.26 km/s B (R AR A SE G oh, D R AR AR BN SR Y 50 £ BRIV AT Z20mE SR 1Y
RN o AR S0 5 3 A o 2 RIS A Ko RS 1) 0 RSO T S, AR AR B SRR Y
24 85 4% (300 mm) , HAEAR AN IR FH 3 mm J2 A9 4K B8 i ]

il 25 TR M R R RDIRHT) B ISR R A s 425 3 ek R b /K U . 4 (RD R R SE AR KT 0.8 mm, F
it Fudtive) . Aok, HEREE KT - 80 K =1:2.6:0.5, 7725 28 d J5 i35 B4 BT 5
A 42.7 MPa, il 55 RSB AN 1Al 2 Frs .
14 BIESBRE

TR UM R S ) LA GE R A ST
B, TE A2 S Ak AR v SR T X AR S R A
M e P RS Z )5, MAET 5 9K 5, 05
Ji IO fofF 3L ¢ S % B4R B 5 /N B e o AR
SCH R TE TSR S B AR, SR FH 4 B A B R
FE09 77 OB A 5 R o B . &t 2R SR
B, REORTIE S 25 0 2 A5 i S I oK, dn &l 3 B3 SRR B s R AT RS

TN o Fig. 3 Framed photographs of projectile’s flight attitude

083301-2



539 4 BRSC, 4F: Ha ST i K RS IR AR R IR DT 5 %8

15 SIWSHNE

s P A N SR FH RO D't SRCIE DRI 125, ) P P90 Y SROTES A1 ) 1) s -5 ' SR 1] 114 1 8 15 3
S, 22 IR, T R 22N T 3%

BT AE 2500 I R I HLZE BT % (computerized tomography, CT) £ K, CT BB A T (WLE 4),
S A BE IEAROC, BT LASR (B9 XU ST . K 1 (0 A4 DX /K JERD SR SR A, W5 Y 1 (0 AT 5 42 1R
PR & Aok, CT A2 MBE Y 0.8 mm, @it CT 4K AFALFE, AT 928 0.1 mm ARG . R CT #
A, AT LU BIORS BE5 m RTRHAE 280, RUAR R IIRBE | T B R TMA R

(a) v=1.97 km/s (b) v,=2.90 km/s (¢) vy=3.60 km/s (d) Schematic diagram of cratering

Crater diameter

=

=

| | &

3

e 3

& 2

3 | Crater <

= O
2

5 Hole

B
o
=
o]
A

Hole diameter
P4 e e o 25 F R AR AUIR CT BEANRTTR B E
Fig.4 CT photographs and illustration of hypervelocity impacted crater
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Table 1 Cratering data of hypervelocity impact of tungsten alloy projectiles penetrating concrete target

p Sy RIGE BRI, BULR R/ - Sy RIGE BRI, BULR IR/
(km's™) /mm mm mm (km-s™) /mm mm mm

1-1 1.82 67.0 - - 1-9 2.90 76.8 32 1.4

1-2 1.97 69.8 6.2 1.1 1-10 3.08 66.5 0 0

1-3 2.02 80.58 6.7 1.2 1-11 3.19 68.0 0 0

1-4 2.35 84.15 4.9 1.4 1-12 3.36 63.8 0 0

1-5 2.39 82.5 5.6 0.1 1-13 3.36 61.0 0 0

1-6 2.61 85.9 4.5 1.1 1-14 3.46 65.0 0 0

1-7 2.66 84.0 4.2 0.1 1-15 3.66 58.3 0 0

1-8 2.86 84.1 4.4 1.3
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Fig. 5 Variation of penetration depth with impact velocity
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Fig. 8 Penetration depth as compared between experiments
and numerical simulations

Fig. 9 Residual projectile length as compared between
experiments and numerical simulations
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Table 2 Material parameters of concrete

G,/GPa f/MPa S S A B pl(kg'm™) M

16.7 42.7 0.1 0.18 1.4 1.4 22 0.5 0.01 0.5
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Fig. 10 Time histories of projectile tail velocity,

interface velocity, interface pressure and the
penetration depth (Vy=3 km/s)
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Table 3 Simulated projectiles velocity, penetration depth and residual projectile length at different impact velocities

WILR T/ HERE H R B 4h s WERE H R B4l i WEE H R B2 B RYNMBARY  BIREY
(m-s™) SRR AT/ (m-s™) A /mm WREE /mm WREE /mm mm
1700 1 050 6.5 28.0 38.5 66.5
2 000 1101 5.5 30.7 42.3 73.0
2300 1201 4.5 323 46.2 78.5
2650 1243 3.5 35.2 44.8 80.0
3000 1277 0 34.9 42.6 77.5
3300 1325 0 38.5 35.0 73.5
3460 1374 0 36.1 33.0 69.1
4000 1394 0 40.5 22.0 62.5
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Penetration depth of hypervelocity tungsten alloy projectile
penetrating concrete target

QIAN Bingwen, ZHOU Gang, LI Jin, LI Yunliang, ZHANG Dezhi, ZHANG Xiangrong,
ZHU Yurong, TAN Shushun, JING Jiyong, ZHANG Zidong
( Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: In this paper we carried out experiments using two-stage light gas gun with Gram-grade
cylindrical tungsten alloy projectiles, impacting concrete targets at velocity from 1.82 km/s to 3.66 km/s ton
investigate the cratering mechanism of concrete targets in hypervelocity impact conditions. We obtained the
penetration depth and residual length of the projectiles using computerized tomography (CT) and used the
numerical simulation results conducted by Euler algorithm to further examine the mechanism of
hypervelocity impact, and achieved the following results: (1) The craters were structured by spalling areas
and bullet holes; (2) The penetration depth increases at first and then decreases with the increase of the
impact velocities, and the maximum penetration depth was 8.5 times that of the projectile length, which
showed no significant advantage over low velocity penetration; (3) According to the pressure of the interface
of the projectiles and targets, the penetration processes were divided into four stages, of which the quasi-
steady stage and the third stage were crucial in determining the total penetration depth; (4) When the
projectiles were completely eroded with the increase of the impact velocities, the penetration depth of the
quasi-steady stages almost remained the same and the penetration depth of the third stage decreased so that
the total penetration depth was observed to increase at first and then decrease.
Keywords: hypervelocity impact; penetration depth; two-stage light gas gun; concrete target; computerized
tomography(CT)
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