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1. Two-stage gas gun; 2. Flange; 3. Sabot; 4. Extension tube; 5. Projectile; 6. Steel flyer; 7. Sleeve;

8. Explosive ring; 9. PC resin thimble;10. Third-stage accelerating tube

T e AL A e T R R A

Fig.1 Schematic of the novel design of a hypervelocity launcher
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Fig. 2 The simulation model of the hypervelocity launcher
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35.34 20.75
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(a) t=1.347 ps (b) t=1.492 ps
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Fig. 3 The formation of detonation-induced jet caused by a planar flyer
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Fig. 5 The formation of detonation-induced jet caused by a bevel flyer
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Fig. 6 The pressure-time histories in the projectile using planar and bevel flyer respectively
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Fig. 7 The formation of spalling in the projectile without the package of epoxy resin
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Fig. 8 Epoxy resin package and optimized shape

of explosive ring
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Fig. 9 Inhibiting spallation of the projectile using epoxy-resin package
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Fig. 10  Simulation results of the accelerating process of an aluminum alloy projectile with 6 km/s initial velocity

(The contour line of launched projectile is marked by bold black line in (a))

3.4 REEHABEELRFLREUER

LA A 4 kA 4 HLAG T8 i A it RS8R B o DT 428 7 it 4% 35 K Bl )i AL A SR PR R A U O R BRE . &
TR 54 9 mm JTEZ 1.7 g EKE & ALH 6 km/s W E 8.6 km/s IYHE K 11(a)
T 11 Ch) 43 ) 45 H 35 ko 3 J 30 04 TR B T B S DA R g LS Yl B g sl . AN 11 (b T LR Hh L 8k
SO R B R A EERTE , 5 B 10 AR A A FUOALA G L BRA 4 SO I AR T i 3 B AT 1T 3R T 2 B T 1)
Bl 10Ca) —FER Fa L 76 300 K SR T L 1 v il FH e AIK, K4 X IAE 500 K LA PN, 3R i i A1 5
AR IR F] 500 K PLE HS 3 ¥ 43 XC8R A AT 3A 3] 2000 K DL L,

Temperature/(K) 9.0
| Ti(6Al-4V)]
4729 8.5
4371
4013 8.0
— 3655 2
i o 3296 E 7.5
2938 %’
) 2580 7.0
2222
) p— B 1 864 6.5
. 1 506
1148 6.0 . . . . . . . .
789.7 01 2 3 4 5 6 7 8 9 10
4316 t(us)
(a) Contour of temperature in the projectile (b) Velocity-time history of the projectile

B R0 R 6 km/s BG4 5 AL AR IBL 25 SR (Ca) Hi B €0 0 58 B 2 P Sy 3L O 3R = TRD
Fig. 11  Simulation results of the accelerating process of a titanium alloy projectile with 6 km/s initial velocity

(The contour line of launched projectile is marked by bold black line in (a))
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Fig. 12 Simulation results of the accelerating process of a titanium alloy projectile with 7 km/s initial velocity

(The contour line of launched projectile is marked by bold black line in (a))
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A Novel Design of a Hypervelocity Launcher
Based on Two-Stage Gas Gun Facilities

ZHAO Shi-Cao'*,SONG Zhen-Fei',]JI Guang-Fu',
GONG Zi-Zheng® ,ZHAO Xiao-Ping’

(1. Institute of Fluid Physics ,CAEP ,Mianyang 621900,China;
2. Institute of Computer Application ,CAEP ,Mianyang 621900,China;
3. Beijing Institute of Spacecraft Environment Engineering ,Beijing 100094 ,China)

Abstract: A new scheme of hypervelocity launcher was put forward in this paper by means of strong

detonation. An explosive ring was fixed internally in a specially designed third-stage barrel in which

the projectile launched by two-stage gas gun at velocity ranging from 6 to 7 km/s was able to be

accelerated subsequently to a hypervelocity of 10 km/s or so. Based on hydrocode simulations, the

shape of flyer and explosive ring was optimally designed. In addition, through the encapsulation of the

sphere projectile by epoxy resin,the projectile damages resulted both from detonation-induced jet and

spalling due to the characteristic of short pressure pulse imposed on centimeter-sized projectiles would

be suppressed. The simulations illustrate that the optimized hypervelocity launcher has the capability

of accelerating 1. 03 g aluminum alloy projectile with a velocity of 6 km/s to 9. 6 km/s, keeping the

sphere-like shape with the velocity amplification ratio of 1. 6.

Key words: hypervelocity launcher;strong detonation;hydrocode simulations; AUTODYN
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