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Abstract: In order to develop the ability to analyze the gouging effect of rocket sled test with high
confidence level, a simulation and verification study on gouging effect of hypersonic rocket sled
was carried out based on real gouging data in orbit. Firstly, the parameter description of typical
gouging phenomenon was obtained by the analysis of real gouging data of rocket sled test in or-
bit, and the closed-loop verification of gouging mechanism based on adiabatic shear theory is com-
pleted through the detection of chemical composition and metallographic microstructure. Second-
ly. the Johnson-Cook constitutive model parameters were obtained by static tensile test and Hop-
kinson bar test based on the principle of high temperature double synchronization. Finally, the
simulations of gouging effect under three vertical speed conditions of 1. 75 m/s 2. 00 m/s and 2. 25 m/s
were carried out using material point method. The simulation results in terms of gouging mor-

phology were basically consistent with the ones obtained by real tests. The comparison between
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the results of simulation and real tests shows that the consistency between measurement and sim-

ulation is the best when the vertical speed of the slipper is 2 m/s, and the deviations of the length

and depth of the gouging pit are 1. 8% and —3. 9%, which are not more than 5%. The applica-

bility of the material point method in analyzing gouging is verified. The method and parameter

value can be used as a reference for the gouging safety evaluation in the design stage of hypersonic

rocket sled test.

Keywords: rocket sled; gouging effect; material point method; rocket sled test in orbit
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Fig. 1 Typical gouging phenomenon of rocket sled
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Fig. 2 Diagram of a domestic rocket sled test system
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Fig. 3 Gouging phenomenon of a domestic rocket sled test
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Table 1 Johnson-Cook constitutive model parameters

S U71Mn 30CrMnSiNi2 A
A/MPa 871 1529. 65
B/MPa 329. 710 471.747

n 0.425 0.123
C 0.018 6 0.0109
m 1. 260 0.758
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Fig. 7 Diagram of material point method
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Table 2 Chemical composition comparison of U71Mn rail

between test and standard

102 _ Jrig g Y0 -
B YB/T 5055—1993 FREfi
C 0.735 0.65~0.76
Si 0.227 0.15~0.58
Mn 1.296 0.75~1. 40
P 0.017 <0.035
0.006 <20. 030
Cr 0.029
\% 0. 005
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Fig. 11 Irregularity characteristic curve of rocket sled track
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Fig. 12 Gouging simulation process of rocket sled test
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