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Fig. 1 Schematic diagram of the gun body. (a) Single Stage Gun; (b) Two-Stage Light Gas Gun; (c) Three-Stage Light Gas

Gun [,
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Fig. 2 Schematic diagram of'a single stage gun. (a) Schematic diagram of the composition of the first level gas gun launch

test system, (b) Construction of the single stage gun test system platform!'3],
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Fig. 3 Diagram of the secondary light gas gun device. (a) HVIT laboratory secondary light gas gun, (b) 25.4mm caliber

secondary light gas gun [22],
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Fig. 4 Schematic diagram of the working principle of a three-level light gas gun. (a) Initial setup, (b) enlarged

schematic diagram of the part near the connection port. The installation positions of the pressure gauge and

strain gauge are shown in the figurel?”l.
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Institute of

Mechanics, The first domestically designed
) ®101 mm 20~1400 m/s .
. Chinese Academy and developed single stage gun
Single .
of Sciences
Stage Gun B
Nanjing . . .
. Used for lightweight materials
University of ®58 mm 20~600 m/s

. and structural characterization
Aeronautics and
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Astronautics
HyFIRE laboratory, equipped
Johns Hopkins with high-speed optical
) ) ®12.7 mm 1.5~8.0 km/s . .
University diagnostics and X-ray systems
for secondary gun firing
Ultra High Speed Impact
Texas A&M Laboratory (HVIL) equipped
A2 OL27mm  15~80kms ooy (HVIL) equipp
University with 450kV flash X-rays, ultra
high speed schlieren imaging, etc
>6.0 km/s (14
China Aerodynamics g aerodynamic Realize the launch of a 14g
Research and @25 mm separation aerodynamic/separation model at
Development Center model, 6366 km/s'by 2025
2025)136]
6~8 km/s
. (gaseous
Institute of . . .
. detonation Gas phase detonation drive,
Mechanics, . .
. DBR30 drive, mterchangeable 7.62-45mm
Two-Stage  Chinese Academy ) )
. . interchangeable caliber launch tube [38]
Light Gas of Sciences
7.62-45 mm
Gun
ldunchstube)37]
Equipped with a 10 Mfps high-
Johns Hopkins speed camera, 300kV flash X-
) ) HyFIRE 1~7 km/s
University ray, and photon Doppler
velocimetry (PDV)
Equipped with 450kV flash X-
Texas A&M ray (dual head), ultra high speed
o HVIL 1.5~8.0 km/s i ; . .
University schlieren imaging, and particle
tracking technology
>11 km/s (25
mm diameter
China Academy Non aluminum alloy .
\ . Based on Impedance Gradient
of-Bogineering convergent  flyer, based on
, , Flyer (GDI) technology [2°]
Physics type Graded Density
Impactor
Three. technology)!*!
. >15 km/s (10
Stage Light i
mm diameter
Gas Gun ) . . . .
China Academy titanium alloy Geometric focusing gain based
. . Convergent . .
of Engineering . flyer, on impedance gradient flyer
e
Physics P geometric (GDI) technology [2°1
focusing
gain) [2°]
Sandia National GDI 10~15 The earliest to conduct research
Laboratories km/s (0.5-1.0 on GDI based three-level gun




[/ B S S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

mm thick, 6-19 technology [2®]
mm diameter
plates; 1 mm
titanium flyer
to 12.2 km/s;
enhanced
configuration
approaching 16
km/s) [28]
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Fig. 7 Experimental result curve. (a) Bullet velocity time history curve, (b) oxygen mass time history curve 111,
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(b)

8 AR E. () KMRE, (b) #iL, #HRAEIH,

Fig. 8 Hydrogen oxygen gun test device. (a) Launching device, (b) projectile, magazi %Mk [42],
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Fig. 10 Sample diagram of electromagnetic railgun. (a) The prototype of the US Navy electromagnetic railgun test, (b) the

electromagnetic railgun installed on the "Ocean Mountain" test ship 1461,
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Bl 11 HEPERER RS, (a) REEFEDMPERBER RS, (b) & EGF B PUERER RE057.
Fig. 11 Electromagnetic railgun demonstration system. (a) The US Navy Electromagnetic Rail Gun Demonstration System,

(b) the US Army Electromagnetic Rail Gun Demonstration System 71,
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Fig. 12 Speed curve. (a) CQ-4 device drives the speedeurve0f the flyer, (b) CQ-4 device drives the speed curve of the thin

altminum flyer (331,
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Fig. 13 Explosive strong detonation driving device. (a) Phot e multi-stage driving test device, (b) Diagram of the multi-

stage series-charged driving test device [61-63],
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Fig. 15 Penetration test diagram. (a) Target, (b) experimental apparatus, (¢) projectile ¥4,
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Fig. 16 A liquid gas phase change emission device, an ultrathigh speed impact test device, and a testing method thereof [831,

REWSHZERFBEARBES ERBZERS, EHEEARERFEAEASEZM. H%, CO»TER
K (44 g/mol), & mTHAMTHEHL2 g/mol ARSI 4 g/mol. TEAFNEESEI%MHT, L
JOR (1) 78 T8 5 A R (P T AR BRELs NETT COL 8 (29 260 m/s, #iH ) TR TEAAER
o RMARA PR TS AR Oy AR T A BRIk, AR R e AR AR AR B
1%, TIRMIWIIGIRIE . spdeem . INHGE 2 SARAR = B REE SHN RN BN B 2 520 ) B JHd 2
HIEEET), FEEHMEEEDOL. FRAERE, AR RSB E T A, RAES
PSR AL e R0 T RS PR LSRR E TR 75, TAEIE SR IRPBR =ik (>3 km/s) [RIHES T,
AT 75 1 Bh S B AR A SRR AR T B9,

Bt BN, AR B R AR — R AR E R TR, E AL B 2 R AR
FHAL TR ARG, AT AE— e FEFE b sk NS iy F ik s e, FRAIG PA il R e Le, 327t
RS SRS CFD SR P A AR 3l /7 2 A 34T A s ks 4 S50k, R RN 38K
SMIRETTFE (U Peng-Robinson /5 #2) I Lee FHASKR Y (477 L7 vAUS), AT A RUTINAS [ W) 46 5
Mt skt T E- T 2e, ASEAA R RS = REI VIR ES RN, fEAHE
FEHRPEZ B EZ AR, AR A R AT Y I, B AR s 7 Jik sl ot 3ok g 2 55 1 1) 5
W (851, 3@ DA E P VERIE R U 7 ROR I CAR R R, RAE A AR ok FE 07 JUAE AL L RS AR s 5 T 7
R

5 HFRS5RE

ALRGERR T ARSI B A ARERAS . HURARE T AE AT S AR A S DU o i R iy
TS BOR MR R RBUIR 5 SRISRE 1. 3R 2 s T ARl ey i b ol A S R 1 e 70 A
16



[CES

Yoo R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

BORKF 2 B AL, XTLE TR ARSI AR BRI FTER L, i 0.3~10 km/s 3

FEVaE, (B=REME R D5 % L

L
T He

KT PR AT IA 10~12 km/s B F, {EAE S

PR 9 5 25 KM TR B A B S A BE R I 16.45%, & R ST EEIZ ELI 2N 13.81%~16.45%, 45

PN B e A MR AL

=

VR SR N INESE, SEPR A Ul LB AR,

YN
R Lk dE

+He

I HSER 22 G MR S OR IR ZE); WA RE SERE A AR O I 2 18 k/s DAL, JERIE IR, H
BRI E AR IEUR s AR RS A CO AT, MEIAR, ARSA . w H A K i 4%
AL, OAE 650 kg #AA LSCHL 109 m/s K, (HYBEERVEAL . AT mE b drslds BoR 51
32 € - g - o SR DR DU 247 JE A B R3SV E R AR B 22, SIZBe i P v 75 AR 1K s ) T P2 R
B pE . EEMER AR R IT SR G R S H A/

R 2 AN BOR HEL
Table 2 Comparison of High Speed Launch Technologies

Maximum

Launch Technical features (adyantages Applicable
speed Energy source L. .
technology and limitations) scenarios
/(km-s™1)
Advantages: pneumatic\drive,
mature, stable, repeatable, wide .
Wl Space debris
range of projéctiléymass and i )
simulation,
geometry .
) L\ o material impact
) adjustability, Eimitations: three i
Gas-driven . . testing,
high-pressure ‘stage structure is complex; .
launch 10 ) penetration
gas hydrogen is flammable and i
technology ! o experiments,
explosive; DDT mechanism is o
e scientific
complex, with significant
i . research and
challenges in combustion .
» teaching, etc
stability control and hydrogen
safety issues.
Advantages: electromagnetic
Isi der, high .
propulsion, no gunp.ow er, hig Remote strike,
overload capacity, fast )
. . . ) shipborne
) continuous firing potential, high
Electromagnetic ) . weapons, high-
theri lect " theoretical velocity
energy gatherin electromagnetic
jy g. . g 4S5 & ceiling. Limitations: severe rail frequency
and emission ener, ;
technol &y ablation and armature melting at launch, high
echnolo
& high currents; barrel life only a overload
few shots; pulsed power supply resistance
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Advantages: energy focused,  Ultra high speed
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Chemical energy ) speeds (10—12 km/s) with gram- simulation,
. chemical .
emission 12 level fragments; compact device spacecraft
energy R .
technology structure. Limitations: single- protection

use only (destructive test); high

blast overpressure; severe

testing, material

limit response
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gaseous and particulate research, one-
contamination. time high-
energy
experiment

Advantages: environmentally
friendly (CO;, is non-toxic, non-
flammable, and inexpensive);
simple structure; low
experimental cost; reusable;

wide pressure regulation range; Research on
gas temperature below 300 °C new launch
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Liquid gas phase No data liquid gas ablation. Limitations: CO5 miniaturized
change emission available phase transition molecular weight is large, (44 platforms, low-
technology energy g/mol), resulting in low'somic cost

velocity, which fundamentally experiments

limits the theoretical‘welocity and teaching

ceiling; phase-ehange process verification
involves complex non-
equilibritm kinetics, making
precise pressure control and
shot-to-shot velocity

repeatability difficult to achieve.
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Abstract: With the increasing demand for deep buried reinforcement targét \damage and engineering
structure protection in the fields of national defense security and high-end equipment development, efficient
driving launch technology for high-speed impact testing has become the cofe key to supporting research in
related fields. This article systematically reviews the reseateh-ptogress of high-speed impact testing
technology, focusing on the principles, development status, /exp€rimental capabilities, and technical
bottlenecks of various high-speed driving technologies/suc¢h as gas-driven launch, chemical energy launch,
and electromagnetic energy energy gathering launch.\[t’discusses in detail the application prospects and
existing problems of various launch technologies.in the figlds of deep buried reinforcement target damage
assessment, space debris protection, and materialh\dynamic behavior research. On this basis, the emerging
liquid gas phase change emission technology was highlighted, and the speed potential, energy sources, and
technical characteristics of different emission technologies were compared. The four-dimensional
contradiction of speed quality repeatability .,environmental protection faced in current development was
pointed out. Future research should fecus‘en multi-source energy collaborative driving, artificial intelligence
closed-loop optimization control, application of new working fluids and structural materials, and construction
of high fidelity experimentdl/numerical coupling verification system to promote the development of ultra
high speed launch technology towards higher speed, higher repeatability, and wider application range.
Keywords: high-speed, impact/testing technology; light gas gun; chemical energy launch; electromagnetic
energy focused launehy liquid*gas phase transition
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