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Pressure Measurement of Cartridge in Small Chamber Using Hopkinson Pressure Bar
XU Zhi-yu'?, LI Xiao-ming', TAN Yong-hua®*, HU Pan', LI Yong-feng', DONG Wan-feng'
(1.Xi'an Aerospace Propulsion Institute Xi'an 710100 2. Science and Technology on Liquid Rocket Engines Laboratory,
Xi'an 710100 3. Academy of Aerospace Propulsion Technology , Xi'an, 710100 )

Abstract: In order to acquire output pressure of cartridge in real small chamber of pyrovalve, a Hopkinson pressure bar was
designed to measure the reflected pressure of blast wave. The Hopkinson bar gage made from M250 material can be reused and
can detect limited pressure of 1 900MPa, and the maximum frequency is 125kHz. Finally, a kind of aluminum/ potassium
perchlorate cartridge was tested in a 1mL chamber with 0.75mL free volume. The output pressure performance is that, peak
pressure 147.5MPa, rise time 6.8ps, and equilibrious pressure 104MPa. The equilibrious pressure is about half lower than the
predicted value by transitional standard closed bomb test.
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Fig.1 Principles of pressure measurement using Hopkinson bar
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Fig.2 Sketch maps of measuring reflected pressure of cartridge
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Fig.3 Picture of the Hopkinson pressure bar measurement system
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Tab.l Parameters of the Hopkinson bar material 18Ni

pw/MPa  E/GPa  Cy/(m's™) u
1 900 190 5000 0.27
d=8mm 125kHz
L=500mm
2 Gl G2 L=150
mm L,=250mm
140ps  100us 30us
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Fig.4 Comparison of the signals of the two strain gauges
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Fig.5 Load stress histories of the cartridge
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Tab.2 Output pressures of the cartridges in ImL chamber

/MPa
/MPa /us P12 P23 Pia
17 155.4 6.7 101 104 102.8
2* 148.7 73 96.3 104 101
3* 156.9 8.3 82.4 106 101
4 140.8 5.7 84.7 104 98
5* 135.6 6.0 110 102 99.7
147.5 6.8 94.9 104 100.5
9.2 1.04 115 14 1.8
/% 5.0 11.7 9.6 0.77 1.3
27mL
(7.4+0.6)MPa pV=const
(199.8+£16.2)MPa
2kHz

104MPa 2

[1] A Dibbern, W Sipes, M Hagopian. Implications of dynamic
pressure transducer mounting variations on measurements in
pyrotechnic test apparatus[R]. AIAA 2009-4992,2009.

(2] ; s

[J]. ,2017(6):45-48.

[3] R D Dick, J] D Williams, X J Wang, et al. Measurement of
pressure from explosives in a closed chamber and the free
field[R]. ARL-CR-309,1996.

(4] s ;

[J]. ,2007,28(10):1 257-1 260.

[5] M A Groethe, S HMcDougle, R L Saulsberry. Measurement of
debris in the flow from pyrotechnic reactions using an instru-
mented hopkinson pressure bar{R]. AIAA 2008-4800,2008.

(6] . , M.

,2013.
[7] , , , . M].
,1983.

[8] Huang Zhengping,He Yuanhang. Explosion measurement tech-

niques[M]. Beijing: Beijing Institute of Technology Press, 2005.



