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Analysis on design factors of hypervelocity fragment launcher

using strong detonation drive

XING Boyang' , LIU Rongzhong' , GUO Rui', CHEN Liang' , YANG Yongliang' , ZHAO Bobo'? , GAO Ke'
(1. School of Mechanical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China;
2. The PLA Unit 31102, Nanjing 210000, China)

Abstract; In order to explore the relations between design factors of the launcher and performance of the produced hypervelocity fragment, the

AUTODYNTM-employed numerical simulation towards launch process was performed repeatedly under the orthogonal experiment design framework.

Design factors include explosive type, diameter ratio of charge, material type, thickness, taper angle and radius of the top close to charge chamber

for liner part were considered. Multiple target launcher designs were demonstrated ; three of which were capable to provide the red copper fragment

with the mass of 1.563 g, the aluminum fragment with the velocity of 11. 649 km/s and the aluminum one with the kinetic energy of 85.6 kJ

respectively; two of which can produce compact cylindrical fragments with the mass over 1 g and velocity over 11km/s simultaneously. The

associated experimental validation was confirmed as well and a further analysis of the design factors was made which explains how they were related

to the mass, velocity and kinetic energy of generated fragment.

Key words: experiment of hypervelocity impact on the ground; strong detonation; shaped jets; orthogonal experiment; numerical

method verification

TE23 16 H B AP )R e G w2 -1k
JiE 10 km/s (9725 [0 H, 0 T 76 S0 K 2% B 1
S A B AT RE 7, AHR v TG U SE AT AT ) T B A R
i , EEHEATR B E B OSSR I,k TS
FIBEHARE B B AR , AT IR 4L, PR Ik
B A AE M TR b A /N ORI 3 B R 9 5 1
gt

IE T 5 ) T s ol K o 2
GRS, Stilp' Y A IR SR 1 g Y
A N ] 8 km/s, Moritoh ™ F Ff] = 4242 s

« Wk HHEE:2017 -05 -19

0.58 g Ml i i ) 8.9 km/s. HFFEA B3I A H
(GGIRIED TR S ) 1B & R S /I R 13 L]
T {H e R BB A B 2 LT A ml RERR 2
g S S ORI o 3] 45 (R e 5 A R A f s -
PP RE (10 km/s KDL b)), 33 ™ H i 29 1 25 ] f
F BRI O 5, 107 Hoaz X 28 75 %0800 A
i AR, EA T R IR AT X PRI

SE [11) SR RE NN A5 B IA Ay 2 P T ik f ik
BRI b B T ) de B A R 1)
PR B R R S W] 3K 12 ks, 1% B 451

HETRE [ 5% 34 VB H (995 ~ 14021007020403 ) ; CAST-BISEE 175 4: % BT H (201512) 5 g KB4 6147 38 4 ¥
9% ] (SAST2015021) ;2017 4FVT #5455 2 B 9 047 195 B RHBFE el v 13751 B (KYCX17 - 0388)

FEE R M (1992—) , 5, A% i I AR, 1192 , E-mail : xing_boyang@ 163. com;
X% i GRESER) 59, 0%, Wi+, Wit S0, E-mail : liurongz1 16@ 163. com



152 e AN o 4

55 40 &

[T AV N N 5 = I P i R G S O S
BRI H A RS B SE Y ] TR T e e A
RIS 9 R 1) S RE I e 3 Al e 2
B PR s R AR 1 g B R R R F
11 km/sPLERg R o Bt M 56 A BB IE
SET MR AR RS A s W R,
FH G PR RE e 24 2 (AL e 7 A i &, mT A7 2]
10. 62 km/s [ 5§ 37 Sk 380, LA K S 3 o KT
10 km/s [ =", Walker /0% 0.5 ~1 g 1)
A RS 11. 2 £0. 2 km/s, 2% AR
rPAR 2] T 10 km/s [ EREEE A, HIRAR D S
TN R R P RE ) S B R R A T AT HE Y L AR
D NI AH G I R 2R SR B R BEE
[ 2R

DRI AR SIS T 5 T it A S [ B i
2 UK 2y v U R A S A JT AR R B )
fih b Bk T BT RS YE BT 6 MG
R 20 R AR R, 155 T XS R
W i LR BB R

1 ERE

A i il AUTODYN - 2DTM f1 Euler 2235 3¢
HEEITE.
1.1 JL{aEs

SR H% 2 IR 20 R 1 A R e B A R o
ik 2RI A2 ek 4 D EEH . BT
o7 AR 1 e 3 R L 2 Y B T ) e L
NG 2, RGTE J B A DA 2200, S I Sk S
AR BB 5y, B A e AR AT B R R R .
THREBER AR, T TRk, k4%
BaBEWE 1 iR, 225 AR D =56 mm, 257
8 TS S AT 2% 2 I AR — 4 58 A B P D R B S

hy = 0.05D, B8 T [ 9 Ay [ 0 8. 5 1k B A%
D, =1.50D eI =L H, =0. 75D, 5 Al if
JEHE H, =0.25D, SR G by =0. 02D,
P SR L =0. 14D, (FH AN G =L by =
0.64D, 5 ik fLEARREE D, =0. 13D, 3¢
R AR AR LL O A HEAA D 20, 25 LR )
JEIEDg d, 24 70 58 T00 5K 52 30 % 24 00 ) il A o 42
H R,

wr— mmm— s
Bl 1 semdR ok shil m e i & S B A

Fig.1 Schematic diagram of a hypervelocity fragment

Fefk—

launcher using strong detonation drive
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Tab.1 Metal material parameters table

MR p/g-em™ C/(m/s) S, G/GPa A/MPa B/MPa  n c m vo  Tm/K Tr/K

A5#5  7.840 4570  1.490 80.0  0.500 0.320 0.28 0.064 1.06 1.93 1790 293

247 8.930 3040  1.489  46.0  0.090 0.292 0.31  0.025 1.09 2.02 1356 293
i 2.785 5328 1.338  27.6 0.265 0.426 0.34 0.015 1.00 2.00 775 293

R2 FHBYE

Tab.2 Charge parameters table

okl p/g cem”? A/kPa B/kPa

R, o D/m - s E,/k] +m™?

8701 1.700 8.54 x 10°

6.204 9 x 10°  4.60

1.35 0.25 8.315 x 10° 8.5 x10°
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Tab.3 Length and velocity of jet

SRS ®E R RE%
30 ps SHEKE/mm 151,00 145 4.0
ST E/ (km/s) 6510 6868 5.5
SHRETRE AL/ (km/s) 1189 1120 5.8
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Fig.3 Model of simulation and experiment
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Tab.4 Parameters of fragment
A Walker
S5k R Walker {24
iE iR
R/ (km/s)  10.5 11.2 11.2+£0.2
WER JHE/ g 1.06 1.00 0.74
W R shie/k) 58.43  62.72 44.77 ~48.09
‘. L
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Fig.4 Shape of fragments
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Tab.5 Factors level table

BT R

- e S
A 20/(°) d/D R/D  H¥ERR Fk

ikl -

1 1.7 32 0.034 0.071 Ei| 8701
2 2.1 34 0.038 0.080 2 Comp B
3 2.5 36 0.041 0.090 EEE4E HMX
4 2.9 38 0.045 0.098 4HEE4 Octol
5 3.3 40 0.048 0.107 (/S LX 14

Fo6 EXHBER
Tab.6  Orthogonal experimental results

a2 Fit/g  E/(km/s)  BhfiE/k]

1 0.575 11.149 35.74

2 0.727 10.327 38.77

3 0.174 9.513 7.87

4 0.140 9.105 5.80

5 0.384 10. 344 20.54

6 0.590 9.014 23.97

7 0.762 11.088 46.84

8 0.696 9.321 30.23

9 0.858 11.378 55.54

10 0.557 7.964 17.66

11 1.433 10.930 85.60

12 0.495 8.720 18.82

13 0. 466 8. 826 18.15

14 0.944 9.080 38.91

15 1.225 9.509 55.38

16 1.383 10.271 72.95

17 1.228 9.484 55.23

18 1.091 11.463 71.68

19 0.880 8.204 29.61

20 0.608 7.549 17.32

21 0.566 7.685 16.71

22 1.504 8.375 52.75

23 1.162 9.616 53.72

24 1.533 9.328 66.69

25 1.075 11.649 72.94
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Fig.5 Relationship between the average mass,

velocity of each group and the length to diameter ratio
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energy of each group and the length to diameter ratio
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Tab.7 Effect of the sorts of liner material on the average mass

W 2RI W AT KBV
ok (g/em’)  JiiHL/g em’

1 AR 9.0 1.051 0.117

2 L) 2.8 1.038 0.371

3 ik 7.9 0.927 0.117

4 HE A4 17.0 0. 662 0.039

5 mEEA4 182 0.534 0.029

F 8 HEBHPMXFEHEE SRR
Tab.8 Effect of the sorts of liner material on

the average velocity and kinetic energy

2RI A/ UV #HETY
ek (km/s) P/ (km/s)  ZhfE/k]
L] 5.3 11.149 64.90
£ 4.6 10. 080 46.59
E<i] 3.9 9.758 48. 66
WA 4 3.5 8.574 23.60
ficls 3/ Sy 4.0 8.417 18.14

H13 7 LA, 2 5 A AR D 2 B SR
B RS 2 Jo i e Ko R S A A1, B R BT 1
o 4% it 24 TR0 B A A o P /N T R, X
H T o 30 A 19 DA 5 78 BB I ] [ 8 AN 24 1
0 B ORI, AT DL B 2 R AR i T
R ) S P L G, DR 5 ) OB SRV Lk
SRS SR T B B R e R TBk, H A AT LA
A R ) AR e A LT S0 e Y
YRR fe R . R 8 RIHL, 16 FH AR AR D 24 7
BRLIN B P SRR oK. BRESERER S
AN BRI 2 R 8 i 2 7 SR R R R
SRR PR/ T3 A o X e Hy T A 97 3k B i 2 25
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Tab.9  Effect of the sorts of explosive on the

average mass, velocity and kinetic energy

Y24 Gurney 41y U KUY

M B/ (kn/s)  Bibg fi/) ijf/
HMX 2.551 1.029 9.809 48.90
LX 14 2.464 0.819 9.774 40. 34
Octol 2.375 0.904 9.420 43.60
8701 2.360 0.752 10. 183 40. 66
Comp B 2.235 0.708 8.792 28.39

H13% 9 Al A, e ] HMX AR S KE 251, 55 A 119
S35 e S SRE IO, B LX 14 Ab, 1 F (172
sl BE X B KR 24 8 T A 080 T Dk /N o i
8701 1R K2y I, e A 141 2 3 e K, Bk 8701
G B - BT 49 B K 24 1 s (el N T i )
H R AE S H ST I Gurney JEE A5 W]
HU AT ERBE SN 5, 8 H] Gurney 38 328K 1Y)
KE2h, 24 T 58114 1 7 o B8 A, AT S k3
R SRR AR, S TSI REAOR o

PR T LASEIRT , e Al A A F AR AT SR T , 24
it SR IR IR S S BE R, B e ) HMX A
D25 2 R B I, 132 T 8701
e 2
2.2 BFRMERFRMESH

FETFWE b A T AN S e FR IR AR,
Gt e 8 6 At IR R AT R 22 0, A
%10 R,

H13% 10 ] A1, 22 AR LEXH T R i A4 2
Wi 5 K, 2 B SE AR RS T L Bl RE Y51 e
Ko ARELRAR LR, T2 7058 fy bR L K
FEZGII RN ISIE R M e A o A K sl dwe R
BT

x10 REGEERINBEHREST
Tab. 10 Range analysis of mass,

velocity and kinetic energy

PR, R SRR/

witHE (k) .
A 0.768 0.757 30. 82
2RI BER 0.517 2.732 46.77
YEZ Rk 0.321 1.391 20.51
R/D 0. 240 0. 427 7.52
d/D 0.234 0. 479 11.63
26 0.225 0. 407 10. 66
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