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Abstract: In order to resist to the severe thermal-vibration environment caused by the coupling of high-
temperature flame, solid particle erosion, and random vibration of solid-liquid bundled launch vehicle, a new short
carbon fiber reinforced methyl silicon rubber composite ablative coating is developed in this paper. First, the expensive
phenyl silicone rubber is replaced with the cheaper methyl silicone rubber as the film-forming agent, by which the cost
is greatly reduced. Then, zirconia ceramic microspheres with 60% porosity and 80 MPa compressive strength are
filled in to reinforce the insulated layer, spiral ceramic fibers with high specific surface area are introduced to
strengthen and toughen the ablative layer, and MoSi, with the emissivity of 0.85 in the near-infrared band is used to
heal the cracks in the radiant layer. Finally, thermal-vibration ground tests are carried out and analyzed. The results
show that, compared with the mainstream ablative coatings, the back temperature of the developed thermal-vibration
resistant coating is at least 45 °C lower, and the mass ablation rate is reduced by about 38.5%. The thermal-vibration
resistant coating is applied to the Long March 6A rocket, and the successfully first flight verifies its good thermal-
vibration protection performance.
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Fig. 1 Three layered structure of the SR107 thermal-vibration coating and its function mechanism
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Fig.2 Core functional fillings and their micromorphology of the SR107 thermal-vibration coating
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Tab.1 Design states of the three groups of thermal-vibration test samples
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Fig.3 Thermal-vibration equipment layout
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Tab.2 Random vibration test conditions of the thermal-

vibration tests
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Fig.4 Thermal-vibration test conditions
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Fig.5 Temperature curves of the thermal-vibration tests

for three coating samples
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Fig. 6 Back temperature curves of the SR107 coating

samples in the thermal-vibration tests
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Fig. 7 Typical ablation morphology of three groups of coating samples after thermal-vibration tests
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Fig. 8 Flight telemetry data of the inner wall temperature

of the booster structure of Y1 rocket
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Fig. 9 Debris morphology of SR107 coated structure in

the booster landing area
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