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High-speed raindrop impingement damage of composites
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Abstract: When an aircraft flies over the cloud at high speed, the front surface will be eroded by raindrops. In this paper, a
single waterjet impact test platform was established based on the first-stage light gas gun in order to conduct the rain erosion
tests on materials. Its principle was that the gas gun launches a metallic projectile to impact the water storage chamber sealed
by the rubber piston, and then the liquid was driven from the small nozzle to form a high-speed waterjet. The apparatus could
generate stable waterjets with speeds of 200—600 m/s, diameters of 4—7 mm and a smooth circular-arc head, which simulated a
waterdrop with the same diameter. A series of single waterjet impact tests were carried out on a symmetrically cross-ply
carbon-fiber-reinforced composite (CFRP) laminate under different waterjet velocities and diameters. The results show that the
typical damage modes of CFRP laminates impacted by single waterjets are as follows. The impacted surface is depressed, and
the surface damage consists of resin removal, matrix cracking, minor fiber fracture and fiber exposure around the rim of a
central undamaged region. The internal damage range gradually expands from the impact surface to the bottom ply, mainly
composed of intralaminar matrix cracking with a pyramid shape and interlaminar delamination with a diamond shape. Both the

surface and internal damage are more extensive in the longitudinal than the transversal direction, thus presenting typical
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anisotropy due to the anisotropic elastic and strength properties of CFRP materials. With the increase of waterjet velocity and
diameter, both the surface annular damage and internal damage expand outwards, and the damage areas also increase
correspondingly. Compression and release waves of water hammer pressure, shear stress of lateral jetting and interaction of
stress waves are the main mechanisms leading to damage and failure of composites impacted by waterjets. The area of the
undamaged center of the surface can be predicted by multiplying the contact boundary diameter of the water hammer pressure
by a dimensionless damage function.

Keywords: liquid-solid impact; waterjet; CFRP; rain erosion damage
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Table 2 Damage results of CFRP samples impacted by waterjets with different velocities and diameters
i PR V(mes™) S EARd/mm D,/mm D,/mm L/mm L/mm S, /mm?
1 300 5.7 0 0 0 0 0
2 343 4.9 0 0 0 0 0
3 343 5.7 0.74 2.07 2.004 2.406 3.139
4 386 5.7 0.89 2.25 4.431 3.302 10.138
5 407 4.9 0.75 2.26 1.886 2.484 3.398
6 407 5.7 1.18 2.9 5.303 4.699 17.049
7 428 4.9 0.96 2.39 4.636 2.897 7.776
8 428 5.7 1.41 3.02 7.103 5222 25.113
428 6.7 1.50 3.27 9.154 6.147 31.531
10 471 4.9 1.05 2.49 4.454 4.301 15.379
11 514 6.7 1.59 3.54 11.935 7.246 45.216
12 557 4.9 1.51 2.76 12.024 8.049 45.173
13 557 5.7 1.80 3.63 12.579 9.732 75.772
14 557 6.3 1.90 3.77 13.673 10.963 88.678
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Fig. 11 Variation of damage quantification parameters with waterjet velocity under two jet diameters (4.9, 5.7 mm)
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Fig. 13 Variation of damage quantification parameters with waterjet diameter at two jet velocities (428, 557 m/s)
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