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Abstract: In order to solve the problem that the mechanism of gouging wear of rocket sled is
unclear in hypersonic operation, based on the finite element-smoothed particle hydrodynamics
(FEM-SPH) method, a three-dimensional rocket sled slipper-rail model is constructed with
ABAQUS finite element software. The FEM-SPH method is a new simulation method which can
not only ensure the calculation precision. but also overcome the distortion of the mesh. In this
model, the slipper and rail are made of Vascomax 300 steel and AISI 1080 steel, respectively, and
each has its own material properties. With the heading speed set at 2 000 m/s, the vertical speed
at 2.5 m/s and the temperature at 673 K, the evolution of slipper-rail gouging wear at hypersonic
speeds is simulated. The simulation results show that the gouging wear is the final teardrop-like

corrosion pits due to continuous damage of the slipper bottom caused by the embedded structure
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between the slipper and rail under high temperature and high stress. Further analysis shows that

the probability of gouging will increase with the increase of vertical velocity and temperature.

When the heading velocity is 2 000 m/s and the initial temperature is 673 K, gouging will occur if

the vertical velocity exceeds 1. 50 m/s. When the heading speed is 2 000m/s and the vertical speed

is 2.5 m/s, gouging will occur if the temperature exceeds 293 K. The research results not only

help identify the mechanism of slipper-rail gouging wear, but also provide new theoretical support

for the safe launch in a hypersonic rocket sled test.

Keywords: rocket sled test; gouging phenomenon; finite element-smoothed particle hydrodynamics

method; vertical velocity; temperature
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Table 1 Johnson-Cook model parameters for slipper and rail

B A/GPa B/GPa C m n T./K
Slipper(C300) 2.1 0.124 0.03 0.800.3737 1685
Rail CAISI1080) 0.7 3.600 0.17 0.250.6000 1670
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Table 2 Damage criterion parameters for slipper and rail

4k D, D, D;, D, D
Slipper(C300) —0.09 0.27 0.48 0.014  3.87
RailCAISI1080) 0. 70 0. 36 0.17 0. 250 0. 60
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Table 3 State equation parameters for slipper and rail

w1 AL co/(kges ) s Iy
Slipper(C300) 3. 980 1.580 1. 60
Rail(AISI1080) 4. 605 1. 456 1.65
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Fig. 3 Corrosion pits of gouging wear
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Fig. 10 The different vertical velocity results in the topography

of the bottom of the gouging slipper
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