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A brief introduction on NASA’s two stage light gas guns
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Abstract: With the increasing frequency of human spaceflight activities, space debris popula-
tion is increasing year after year. Nowadays space debris impacts are more and more dangerous to
astronauts doing extravehicular maneuvers and to high-pressure vessels and toxic aerospace mate-
rials carried aboard spacecraft. The protection strategy against the impact of millimeter space
debris is mainly by shielding. In order to design effective shielding for spacecraft and to evaluate
the risk posed by debris and meteoroids, we must be able to perform tests in the laboratory.
Hypervelocity impact testing has some extreme requirements. The core of the problem is to find
a way to launch projectiles at speeds more than seven times faster than the fastest bullet, to
measure how fast the projectile is traveling before impact, and to take pictures of impact event
that lasts only a few microseconds. Launching projectiles at velocities high enough to simulate or-
bital debris impacts requires some remarkable equipment called “two stage light gas gun”. The
technology is one of the most important factors in the improvement of experimental ability, and
therefore it is considered as a significant indicator to evaluate the experimental level of a laboratory,
or even a country. National Aeronautics and Space Administration (NASA), the leading agency in
the aerospace area in America as well as in the world, is supported by several laboratories with
the ability of performing hypervelocity impact tests, where the two stage light gas guns play a
critical role. The White Sands Test Facility (WSTF), located at remote desert foothills of New
Mexico, works in close partnership with NASA Johnson Space Center Hypervelocity Impact
Technology Facility (HITF). HITF determines the risk of spacecraft posed by space debris, and
then designs spacecraft shields based on probability of impact and spacecraft geometry. HITF
also builds and sends target shields to WSTF for ballistic-limit, verification testing and accordingly
analyzes the results. Other spacecraft materials and components are targeted too, as well as toxic
and explosive cargo, including fuel. The WSTF Hypervelocity Impact Testing Program assesses
candidate shield materials with the help of two stage light gas guns. These guns shoot projectiles
at hypervelocities up to roughly six times faster than the fastest rifle bullet, and mimic the impact
of real space debris traveling at even higher speeds. Some other laboratories in America also present
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a remarkable performance in improving the ability of two stage light gas guns, such as NASA A-
mes Research Center, McDonnell-Douglas Corporation, General Motor Corporation, Naval Ord-
nance Laboratory, and United States Naval Research Laboratory.

Key words: hypervelocity impact; space debris; two stage light gas gun; millimeter projec-

tile; spacecraft shielding
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Table 1 Two stage light gas gun indicators of Ames

d(mm) m(g) v(km/s)
5.6 0.045 11. 30
5.6 0.076 9. 84
7.1 0.163 9.24
12.7 0.941 9.46
25.4 7.418 8. 44
38.1 15. 205 9.07
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Table 2 Two stage light gas guns in other American agencies
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7.6 0.21 8. 84

12.7 1.00 9.14

19.1 10.0 7.62 Douglas & #% $i 17 7\ &)
31.8 10.0 7.92

31.8 25.0 7.31

5.6 0.0533 10. 80

20. 0 3.73 9. 90 GM i@ FR %A H
60. 0 87.0 8.90

12.7 1.30 8.17

32.0 73.0 5.55 NOL 1 7 W WF 5 %
50. 8 82.0 6. 89

7.6 0.41 9. 20

21.0 5.20 8.00 NRL [ 37 #F 58 5L 56 =
63.5 253.0 6.16

2 NASA ZHBRESMENEFTE

T e A oy S 56 R SR g3 A 4 AR R B 4 fE
O3 I SRR o AR . NASA 2=k %
SR A« PO T e XS I i A
R AR 7 4
2.1 BHEMET %

BV I 1o ) B T 7 R S Ak B AL O
Jedw CWLE 5) o S 6 vp P06 I i o 7 A 06 3 1Y
IR [ [ B A+ 0 R0 4 38001 i 18] B B9 O o IO AT
PRALHEE v=d/ Az, 3% PN J5 3k 0 UK Bl Y
PRSI ANTE T P Dy b 55 L Tt ) 39 AL i i )
ARFEER I ] A 't L A2 31 0 TRy R 0
LA A U fE S

5 ROt e B

Fig.5 Laser diagnostic Tools
2.2 XHE&MERE
LR A — A X OB X, XA
PRI s T I 5 10 % S AL P52 B b I Y TR DG I ]
240 500 AL B 38 5 AN A XA T B PR SR N Dl s

] o 3 3ok B6F [ ) B 245 5 6 R bl s iy AL RATER
B B A] RS L R TR
2.3 BEEFGYNERTE

T $i o7 Ak BT 3 1 R e B R P, 3 ) A
LB PRI IAR 2 8] AL #% 45 G AE LA $8 B, AT R
RO RATRR AR . ¢ T SRR AL R SCR A
@A,
2.4 HEEBRWERAZE

B LA B A28 07 ¥R A0 55 B R e B 5 v e o
b TG S 36 A TR SR % D R 5 9k R A R T R
T NV 5

HLPRER R DLER BE o "RAT 19 35 AU HI i 5 42 AR B
Fefol s SR JE AR UGB 3 BB R B PIAR R . A B LAl
FONAE il B AR R BB A (5 S o 38 e [a] [ B
Ar BURHE I O . Z BRI B
B 0 L 5 R FH R i PREE A m) T R AU

R R I T AR B I R AT B AR L R IR A
ST A TSRO RAT T SRR G R AT ZE R
A 1 A A A R A PN U R R A T SRR
S ISR v i o oyl 1 = N = S E R (B E
BRI 1) B Pk s el AR R AR I U SR Y
1637 5 B A 0 A v i 38 i AR AR AL . AR R AR
st 221 B Sy S A 1k G BR AG B Z Ll A A ROl RAT I
7 EREZANWA S ENAF S AT T L
B AT (] o T i VR R SR AL AL S AR B R
AN TevE I . X A Oy A S T/ iR R
S BT REATE R ST B P AR G R A 2R ER
i,

X TR AR AW H R G AT AR O v i AT
TN S B 530 AL PN 722 26 /N B AR T) B ) 3 P A
BEREIS . 0L I R P I R RE 2 A0 4R B v A R
MRS o XA T 2T SE IR AR L H R 5 i IR
LI AR

3 NASA 8BS HEBRE=IER

3.1 XFXARERE

e R T S g A s R AR TR R S AR
R B . X OGN BEAH P TR 56 AL Y 52 AR
PR [F Tl b = i et #& . & 6 Jy HVIT
SEEE R AR XOGIRDEAHAL. Z R
BAWERT 34 XAk EE, — 4 LERE
i 100k V, 5 Ul AT Jy 1) 2 L, T O o o hL R
FIE S8 5: 71 4h 2 A TAER Ry 300kV & 5 4
WA N, Tl daE .



54

FRIE: NASA Z iS4 103

K6 XOGRDEAL
Fig. 6 Flash X-Rays

K7 S E b s ge Y X Ot N D B 25 B A1 408 21 1Y
FAR 6o FOILTE 7 (] AR ke R A
o AL/ s

B 7 XOGINEAHPLIE SR 1A R

Fig.7 A laser-illuminated shadowgraph sequence

3.2 BREEGMN

it v A A AL SR T IR B A /s, i T
52 4 3 e A 2 ) Y BRI e R AR LA TE A
HELARIRIL ok . H R & o B AR R A TE L
R R SRR A B I ] R R . PSR TR
o R ALAEAT 3 - Cinema AHAIL A 852 2 0] 3K
— T/ s 5 ZLAMARBIL 47145 2 B8 AT 3k 7 T Wi/ s 5 B
FABIL 0 55 B2 T 3K 2 A2/ s

BT LB % 45 NASA JSC =8 a] ol gt 17
R A g A T DL S G, A 56 [ 1SS i
K KHL.EMU (Extravehicular Mobility Unit) fl 1 ]
TE L7 7% % 55 (Long Duration Exposure Facility) 4§
BB 7 St R R T E AR

NASA H iy 1E 72Xk 2N M8 il kR il 47 1
HEATPEAR M IOUAT: 55 v s 0T 3188 A R 19 it 2 A ok

AR 4 4 P B I 2 AT A3 A o B A T R BH R A
B AT IE 70km /s, Mok B T8 TR 45 19 S0 2 A
RIS 240km/s, ARSNGB BE A X R 1
[SRE Ll RV i s o TN S s o 7 S R B
NASA B4k 2 K J i v o 4 o Hb 1o A 40052 56 g )
T A H T RAT: 55 114 2 e 25 SE A
4 REEXFHEIESEELTIER

RER

B A % A R Sl 1) 6 R TR R A 4 4 Bl 4
TAEREZYEH 235 MY . R g8 B b2 B K B
P18 0 T Al 75 AR S ORI e R o B 4 il
W5 L S R 5 e 8 v U o 2 30 /K7 B S Tl
3 (1 7] 7

BRI H AT E N Ah S Oy T Y R S ik
B o A S AR i B AR BT R S 5L T
8 RSE TR ARRURE R i B 4 55 5 L3 AL RE 0 A A
AR Jom B BE A /N L T T AR AR B e B . TR
TR SRR AR A RO S 1 g R SR R A

AR R F [EE] e 43 o b T ASE A0 S 56 R T AS
JIE e A e R s DR =3 e LRI | s i S Y T
NG L7 BTN I N s [ 5 % N
FEHT W RV ol K2 DA K [ 23 ) 5 AR F 5 B 55
T AL SE A G M A5 g e o e A AL S
Wik, RE-ZHRBERBRIODBRERKREZAHET. 6~
50mm 2 [a] , & s B — e 8km/s LARYY L SR H
I R g A T S A S AN R S e
HE—2 58 . e I T SR R A TR

MR M H A AR5 5K em/mm RO 28 [A] #8 F (19
LR A5 B 4 A S A 5 28 [ 5 B 47 B AR 1 v A
G5 AR, TR ] 2 oK G B AL KR I B R 0 S
AT o F B BT TR, fERKE
JeHp R N A I R M AT e A
RT3 B M & SRR . B R AR R
JEdE 2 8. Skm/s; FF B R R #UEE 10km/s DL |
BAL R B BRI ZT s BF o = Mgk AR . A
R [ 25 R S Wil i AR o B80T R R B AL
TR 25 ol B A ) e AR
5 & it

Bl NI RAG 2l H 5 400 %, 2 (R0 Jr S hr
BRI BTz B — B ER, Hop,
TR LG B R W 5 A R e T B R o T
S RE A A EEAE M VR B BRR S5l i



104

S 9
S S AN

7

2,

5 (2014)%8 28 %

i, NASA 1y 52 5 fiE 7 Ab T 3% 6 3k 9 e Hb i, %
NASA g M ¥ & R A7 P8 OF 2 Hr » mT O 3 [ AH
PSLIVAY QS ik RV KIE

P d ¥

(1]

2]

(3]

[4]

(5]

(6]
(7]

(8]

9]

Christiansen E, Achilles C, Hyde J, et al. MMOD impacts on
1SS airlock shields[ J]. Orbital Debris Quarterly News, 2011,
15(3): 5-6.

BT, RESRAE GRS REERT]. BRI 5
T, 2008, 25(3): 237-242.

Tong Jingyu. A review on spacecraft environment experiments
in China and some proposals[J]. Spacecraft Environment Engi-
neering, 2008, 25(3) . 237-242.

SEAEIE, Wiz, sKICIE . S5, AR AR A3 ) 0 R ) g < B 4
ML), AR B LA, 2007, 24(3): 125-130.

Gong Zizheng, Yang Jiyun, Zhang Wenbing, et al. Spacecraft
protection from the hypervelocity impact of space meteoroid and
orbital debris[ J]. Spacecraft environment engineering, 2007, 24
(3): 125-130.

M. NORZHREBEIT S LSRR ID]. BT
K2, 2008.

Tian Hui. Study on launching technique and design of small two
stage light gas gun[D]. Nanjing University of Science and Tech-
nology, 2008.

http://www. nasa. gov/centers/wstf/pdf/342062main_ R2K307Feature
NASALow. pdf[ OL ]

http://www. nasa. gov/centers/wstf/home/index. htim[ OL]
AR, W HOR A R A o S P g RE S 5 W T LD KR
W Tl K2E, 2007,

Li Zhan. Research and application of measurement and control
technology in hypervelocity impact experiment[ D]. Harbin In-
stitute of Technology, 2007.

MK RIS R AL R E R RO D] BR
Ll K%, 2008.

Deng Yunfei. Research of measurement and control system in
two-stage light gas gun hypervelocity impact experiment[ D].
Harbin Institute of Technology, 2008.

Wi, TG IE RS ) BE AR e A K e R T ]
K TFE, 2006, 23(1): 16-22.

[10]

(117 Mgk, . B,

Yang Jiyun. Simulation of space debris hypervelocity impact u-
sing two stage light gas gun[J]. Spacecra{t Environment Engi-
neering, 2006, 23(1). 16-22.

K SCEE. i B 0L 2 ] R I AR [T ] R BB T
., 2006, 23(3): 138-149.

Zhang Wenbing. Dynamic geomagnetic field simulator on MEO/
LEO[J]. Spacecraft Environment Engineering, 2006, 23(3):
138-149.

S i I T R O I IR 4
ALI]. S8k Jy% . 2005, 19(2) : 35-39.

Liu Sen, Xie Aimin, Huang Jie, et al. Laser shadowgraph for
the visualization of hypervelocity impact debris cloud[ J]. Jour-
nal of Experiments in Fluid Mechanics, 2005, 19(2): 35-39.

[12] http://www. nasa. gov/sites/default/files/files/ GunsofnasaALL. pdf

[13]

[14]

[15]

[16]

[OL]

KBAG, PEFH . SRHRE, S5, R I o A A S e S 0 A
L] B EY 4, 2012, 26(6) : 621-626.

Zheng Wei, Pang Baojun, Peng Keke, et al. Hypervelocity im-
pact experiment and simulation for ejectal J]. Chinese Journal of
High Pressure Physics, 2012, 26(6) . 621-626.

O KSCHE, ESR, SF. A LMD deat: T ETA
fRAt . 2007 88-91.

Du Heng, Zhang Wenxiang, Pang Baojun. et al. Space debris[ M.
Beijing: Chinese Astronautic Publishing House, 2007 88-91.
Shannon Ryan, Eric L. Christiansen. Hypervelocity impact tes-
ting of advanced materials and structures for micrometeoroid
and orbital debris shielding[ J]. Acta Astronautica, 2013. 216-
231.

FEHIE, Wakis, AR, 4. CAST 23 a] i Al & o i o i 36 F
FEikRELT]. MR AR FFBE T/, 2009, 26(4) . 301-307.

Gong Zizheng, Yang Jiyun, Dai Fu, et al. M/OD hypervelocity
impact tests carried out in CAST[]]. Spacecraft environment

engineering, 2009, 26(4): 301-307.

EEEN:

FERAF 1989, %, BIILIE /RIE N B+
WEFET5 Il i 28 F MR 5 HR . @15 b
- BA VT A8 W R B T WA R Tl K24 B 2
2C #:(150080) , E-mail: 779208564 @ qq.

com

(Ui 4 48)



	18 ‰˝¹
	18 ‰˝¹-1
	19

