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Abstract: Zr-based amorphous alloy has excellent mechanical properties such as high strength and high hardness. It has important
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application value as a warhead fragment damage element. To investigate the dispersion characteristics and fragmentation behavior
of Zr-based amorphous alloy fragments driven by detonation of a circumferentially focusing charge, the static explosion tests of
®8 mmx*8 mm cylindrical Zr-based amorphous alloy fragments driven by ®80 mm cylinder and trumpet-shaped circumferentially
focusing warheads were carried out, and the spatial distribution characteristics of fragments under two charge structures were
obtained. Using the fragment recovery device, the detonation-driven Zr-based amorphous alloy fragments were recovered.
Combined with numerical simulations, the influence of the charge generatrix shape on the dispersion behavior of the fragments
was analyzed, and the effect of the flameproof layer thickness on the fragmentation behavior of the fragments was investigated.
For the tested and simulated constructures, the results show that compared with the cylinder charge structure, the trumpet-shaped
circumferentially focusing charge significantly reduces the fragment scattering angle. When the focusing radius of curvature is
600 mm, the width of the focusing band containing 70% of the fragments is reduced by 38.4%. Moreoyer, at the flameproof layer
thickness of 8 mm, slight fragmentation occurs, but the main-body fragments can penetrate and damage a 3umm thick Q235 steel
target. Within a certain range, reducing the curvature radius of the focusing generatrix facilitates fragmeént' eonvergence; However,
if the radius is too small, it will cause excessive squeezing and fragmentation of the fragments. Appropriately reducing the
diameter of the upper end of the charge can not only shift the focusing band toward the central area of the target but also improve
the uniformity of fragment distribution within the focusing band. Because Zr-basedsamorphous alloy fragments are prone to
fragmentation under detonation loading, the degree of fragmentation can begconfrolledyby adjusting the thickness of the
flameproof layer. The optimal flameproof layer thickness for achieving relatively intaet driving of Zr-based amorphous alloy
fragments is 8 mm; if the thickness is less than this value, the fragments will be severely fragmented; If the thickness is greater
than this value, velocity loss will increase. The research results provide data\ahd/technical support for the engineering application
of Zr-based amorphous alloy materials in blast-fragmentation warhcads

Key words: focusing warhead; Zr-based amorphous alloy; detonatiehdtiving; numerical simulation

PUCKE S, i WL B ANLEE SRR E AR LB VE REAB 3 BE J1 AN iR i, XAl
AR REL A P I TR R 2 T P TR o e 20803 P8 e 9 i bl S v oK o SR AR - 5 R P [T R ) 2 24
LRAE BT RO R T /NI s B SR AR N, B O R A X R R B R RS A
FERT 2 S T A T2 R S5 0-300 2 7 AR 38 R P i By 2 P AN 2 e N XU R
TEVERTRHE iR S0 e, RENS(R Fr iR B REAT 5 B SRS REAE SR ER ARl AR ORI, ATk 2]
XFRE H SRR IR AR BRSO AROR, P THi T 1R JR F i BB A RE AR B3t 1B
TR,

Zr ARG G EM B M MG TR R, BAT R s S ST  02A 1 RE, LA
J e e B AT PUHORRGE DL, A R AR AN B AE G AR T R B R SRS, AE SR THIADAIR
53 MiRe 175 e PR KU, 5K m I SEEI EAEBEE AN 14.5 mm #RIEFRE EITRE 1 Zr EAR
e PR b o A RS, TR Zr B SRR AE R W R R A R R SR S SRR W R KOs, T
S5 AR IR B T il R B R R, W T S SR R B v o T BT e TG R R B e SO
FY 12.7 mm SGEMIN Ze SR 5 G GO R WP Z AR EE, 45 RERH] Zr SRS LA H AR BRI
P AR . KT AFINE W B Y/ Zr SR i & G 2 AP RHE R 55 1 B T e 1 ek,
i R S PR R 7RO AR AN B SO R A SR AU SR RE AR, IR AR AR N IR RE
g SRS SR AR R A, IS R P ENIE T Zr AR 5 S ORERERFIE -

ARG 2 IR 2 S LA BT e i 25 1R B AT B, AR NI A i T 2 R e I
FEE T 5 1AM Li SIS R = S5 02100 Gl L3R S R4 1), SIGBIL T AR SR A1 5 AL 2 1 5 il
WA AR WL PR RIS R A S0 I I 1 3] i 1) SR A 24 4 ) ol R AR R
Rtk sEma U, 15 2000 W1 R WO P BE il 2 A2 R KT G K458 . Liu S5US185EF Shapiro
AR T BRGNS T, 2 BETE HRBOR RSO O 5O ORI AT 45, JFHERT Tk
B IE. S IEMRARNTEE BUEA I IR R GENE T ARG BRI B AR A2 iR ST R



S (L U
Explosion and Shock Waves

B LU AR R EOR AR A R BSCRF IR AR S i A

EREPNA, Zr BRSNS SOV ARE RS ok, AR E AR b TR sl S o v el s-20
AR RE S 15 OB 1248 T T, /R A A B e AEXE 2 SR K3 N R FRFPERT SU AN TE o). A%
G e S WER AR, Ze JEAR S G G BT B R R EEAE PEWT 2 1K) 0 20 AIE ARSI IR
LR AR S LR AR, BT BRSNS SR AVRERERCR o AL, T iE i R AR Al R 2 A
AR IR 2 S50 %, AERIE Ze LR & S MEVEROR R CHCRFVE 0 R 445 2 AR g Bk, S sieall
LA 1) TR L A A AR R R DGR I R o AR SRR Ze BEAR A S R A ) SR AR S )RR
SAERREAT NWETE, JTE @80 mm [BIFEIE 5 MWL [ JE AR 3 25 45 K i} R AKEh D8 mmx8 mm [5]
B Ze ARG G 00T CHGRE, 45 G0 R BT BORAS B AR RS O] T 1 28] A -5 e [T
Wi 2 KM LS-DYNA SUEA AT, Fe I I 25 1 70 M e 25 REZT AR KBRS PR 1)
SN, JF i HOO R R ERCR S BRI R Z R L . W T4 R v Ze $E4E i & e A
SR 0 TR R 4 st R4 A A SO

| BRESSHBPRRERS) Zr B ERE &M A CHulE

1.1 &R 3HERLEH

ST SR Ze FE AR S A S R IKENAT R, TR SRR AW U RS 25 450 T
A ORI B e BRI I R RS, AR SR ES AR 1. FIRR R 25 5 E R
R E 1(a)Fin. 5 IS B R AR 2GR TR 549 \b5 LR FH I o i B 46 2 32 . 362
KR B FEZ), %N 1.62 g/om?®, KA bt O igiae pf TR R, HEA8 80 mm,
EEN 120 mm, RN 980 go X THIWUE LA K N imE AR D N 80 mm, LuiEAR D,
N 70 mm, ZEZGRELE MR AE R O 600 mm, ZEZGE AL N 120 mm, ZEZFE M N 775 g.

I 2 SR ) 5 T L PR A A R — s i T eSS Ak 5256 251 43 T 3 DA T 260, 4B 1(b) (o) T
TN ZEENI RN AN, SNEBAA BARE PIN R ORI [ TR A s N R R R ERIER, TR
N8 mm, H B SR HNE T T ARG Ao BT RRERE 25 5 A 2GR T, FRERESNE ) A
WA 7 ¥ 51918 36 BN 34 FURE i, B—FIARE 14 M, B —FI B b R AT i a6 K
UG 9RT, X LR A S0 3R, 504 ORI 476 . B PERER BN 6.13  g/emd ) Zr LR 5
H4, RN ©8 mmX 8 mm BRI, “SEMAEH TSN 2.46 go NIRRTV R Tt EE, T
AT N EEHSIIE R ARIORT, SR RGN T R R E AN E R R Y, T R R R S AT
Wi 3ehe, JFH e i o BUEE R o, SRRl s it Bl 1(d)e) .

# 1R E K

Table 1 Parameters of the warhead
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Table.2 Average velocity and calculated initial velocity of fragments

C-2 F-2
W 9m = Vavg (Mg) vo (m/s) Vavg (/8) vo (m/s)
1 FKAHE K4 -4 -4
2 11152 1141.4 848.7 868.6
3 12052 1233.5 1078.9 1104.2
4 1243.8 1273 1157.3 1184.5
5 1251.9 1281.3 1193.5 1221.5
6 1251.9 1281.3 1186.1 1213.9
7 1251.9 1281.3 1186.1 1213.9
8 1212.8 1241.3 1178.8 1206.5
9 1183.2 1211.0 1178.8 1206.5
10 1141.4 1168.2 1085.0 1110.5
11 1134.7 1161.3 1085.0 1110.5
12 1015.9 1039.7 1143.5 1170.3
13 898.3 919.4 9453 967.5
14 K FEE K R 830.3 849.8
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