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Research progress on sand erosion resistance of high-performance composites
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(1. Center for Advanced Low-dimension Materials, State Key Laboratory of Advanced Fiber Materials, College of Materials
Science and Engineering, Donghua University, Shanghai 201620, China; 2. China Helicopter Research and Development Institute,
Jingdezhen 333001, Jiangxi, China; 3. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 4. Institute of
Advanced Technology and Equipment, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The application of high-performance resin matrix composites in helicopter structures is critically challenged by solid
particle erosion (sand erosion), which undermines structural integrity and limits service longevity. This paper systematically reviews
recent advances in sand erosion damage of resin matrix composites. The fundamental concepts and theories of erosion are first
introduced, clarifying the physical nature and primary failure modes. Key factors governing erosion resistance are then synthesized
from three aspects: intrinsic parameters (material formulation, microstructure, and interfacial adhesion), extrinsic parameters
(particle kinematics and impingement conditions), and environmental parameters (temperature and humidity). Experimental
discrepancies arising from different testing protocols are critically compared. Current erosion testing standards and apparatus are also
assessed for their applicability and limitations. Finally, in view of existing research gaps, future efforts are reccommended to focus on
multi-factor coupling mechanisms, damage evolution kinetics and life prediction modeling, and the design of novel erosion-resistant

materials. This review aims to provide a theoretical foundation and technical reference for the reliable application of high-
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performance resin matrix composites in helicopter structural components.
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Fig. 1 Erosion mechanisms of solid particle (a) wear at low impact angle; (b) surface fatigue during high impact angle, low speed
impact; (c) plastic deformation or brittle fracture during high impact angle, medium speed impact; (d) surface melting at high impact
speed; (e) macroscopic erosion under secondary effects
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Table 1 Comparison of standard parameters of solid particle erosion test

[44-47]

Standard number Solid particle

Erosion parameters (diameter, velocity, flow rate)

MIL-STD-810G-

2018 Blow sand: quartz sand
Fall dust: quartz sand, silicon powder
MIL-STD-3033- Quartz sand
2010
ASTM G76-18 Al, 04

GJB 150.12A—2009
Blow sand: silicon powder
Fall dust: quartz sand, silicon powder

Blow dust: porcelain clay, quartz sand, silicon powder

Blow dust: porcelain clay, silicon powder, quartz sand Blow dust: <149 pm, 1.5-8.9 m/s, (10.6+0.7) g/m3

Blow sand: 150-850 pm, 18-29 m/s, (2.2+0.5) g/rn3
Fall dust: <105 pum, <0.2 m/s, (1.1+0.3) g/m3

240-550 um, (222+10) m/s, 30-50 g/m’

50 um, (30£2) m/s, (2.0£0.5) g/m3

Blow dust: <149 um, 1.5-8.9 m/s, (10.6+0.7) g/m3
Blow sand: 150-850 um, 18-29 m/s, (2.2+0.5) g/m’
Fall dust: <105 pm, <0.2 m/s, (1.1+0.3) g/m’
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Table 2 Sand used in erosion resistance tests

[21, 48]

Sand type

Description of purpose

Angular Al,O; particles, 50 pm

Suitable for studying erosion performance of materials under high-hardness

particle impact, particularly for testing cutting resistance and surface hardness

“Foundry” sand, size distribution 177-250 um

Suitable for erosion wear testing under simulated foundry sand conditions

“Golf course” sand, size distribution 177-250 um  Suitable for erosion wear testing under simulated golf course sand conditions

Afghanistan theater sand simulant, size
distribution 45-250 pm (<100 pm accounts for
about 75%)

Ottawa quartz sand, 20-30 mesh

Suitable for erosion wear testing under simulated Afghan battlefield sand/dust
environments

Suitable for standard erosion testing, offering good particle size uniformity and

test repeatability
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Fig. 2 Three main types of solid particle erosion testers (a) falling sand abrasion tester' ;
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