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Abstract: Carbon-fiber reinforced polymer (CFRP) composites are used as skin materials for fourth- and fifth-generation fighter jets
owing to their superior properties such as high specific stiffness and strength, and light weight. To ensure the reliable performance and
extend the service life of aircraft skin, protective coatings must be coated onto their surfaces. Advanced jet-fighter skin coatings are
exceptionally susceptible to delamination, blistering, and spalling because of the extreme environment of supersonic flight. These not
only reduce the service life of the aircraft skin but also undermine the jet’s ability for covert attacks. When this happens, the damaged
coating should be removed and replaced in a timely manner to ensure the security and reliability of the aircraft skin. To address the
problem of the efficient and nondestructive removal of polyurethane organic coatings from aircraft CFRP skin surfaces while
improving the adhesion of repainted coatings, thermosetting plastic particles with medium hardness and angular shapes were selected
as abrasives to remove damaged coatings from the CFRP skin to ensure their service life. To illustrate the coating removal mechanism
by plastic abrasives, an interaction model between the particles and coating material was established based on the Hertz contact theory
to quantitatively analyze the normal and tangential contact forces of a single abrasive on the workpiece. The particle velocity model

was established to study the abrasive erosion behavior of coatings under different erosion angles, and investigate the effects of the
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plastic abrasive jet erosion angles on the erosion surface morphology, material removal mechanism, material removal rate, surface
water contact angle and surface free energy, and the adhesion of repainted coatings. The results show that the erosion mechanism of
plastic abrasives on the coating is plastic deformation removal. The erosion modes of abrasives on the coating are slip rubbing,
plowing, and cutting at angles of 30°-50°. At erosion angles of 50°-70°, the erosion mode of the abrasive on the coating is a mixture
of cutting and squeezing. At an angle of 90°, the erosion mode is shear and squeeze deformation removal. The cutting path of a single
abrasive became shorter with the increase in the erosion angle, and the material removal rate decreased. Within the selected erosion
angle range, the removal rate of the coating reached a maximum at 30°. The surface roughness and free energy increased and then
decreased with the increase in erosion angle, and reached a maximum and minimum at 70° and 90°, respectively. The opposite is true
for the surface water contact angle (wettability), reaching a maximum and minimum at 90° and 70°, respectively. The adhesion of the
repainted coating improved at an erosion angle of 70°. The adhesion improved by approximately 28% compared with that of the initial

coating of 3.21 MPa. This paper provides an alternative to chemical stripping or hand sanding for the efficient and frequent removal

of aircraft CFRP skin coatings, while improving the adhesion, reducing costs, and protecting the environment.
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Fig. 1 SEM images of the coating surface before and after plastic abrasive erosion
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Fig. 2 Schematic diagram of the interaction

between abrasive and workpiece
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Fig. 4 Schematic diagram of abrasive jetting
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Table 1 Parameters in mathematical model

Parameter Value
Air pressure P/ MPa 0.4
Standard atmospheric pressure P,/ Mpa 0.1
Absolute temperature 7/ K 293
Inner diameter of nozzle dy / m 0.008
length of nozzle Ly / m 0.035
Erosion angle 6/ (°) 0-90
Air Density pa / (kg / m®) 4.806
Air resistance coefficient Cp 0.5
Specific gas constant ¢/ (J « (kg * K)) 278
Abrasives Diameter / pm 725
Abrasives density p, /( kg / m’) 1500
Abrasives elastic modulus E, / GPa 2.94
Poisson ratio v, 0.35
Coatings density p. / (kg / m®) ~1400
Coatings elastic modulus £, / MPa 457
Coatings poisson ratio v, 0.376
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Fig. 6 Material removal rate at different erosion angles
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Table 2 Efficiency comparison of PAJM and HS

Technique Effective removal rate / (10> m?/ min)
PAIM 2.8-20.4
Hand sanding (HS) 0.16-6.50
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