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Abstract: With the widespread application of carbon fiber reinforced polymer (CFRP) in the aerospace
field, studying the friction performance at the interface of CFRP and aluminum alloy connections has
become increasingly important. This study experimentally investigates the influence of surface microtexture
parameters on the friction performance at the aluminum alloy-CFRP interface. The results indicate that
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both contact pressure and microgroove geometric parameters significantly affect the interface friction

performance. As the contact pressure increases from 7.5 MPa to 30 MPa, the sliding friction coefficient

significantly decreases, primarily due to the formation and enhancement of a self-lubricating film. Under

high contact pressure, the microstructures on the aluminum alloy surface embed into the CFRP plate,

creating a plowing effect. The micro-cutting action generates epoxy resin debris that fills the microstructure

grooves, forming a stable lubricating film. The groove depth has the most significant impact on friction

performance, with a groove depth of 31.8 pum significantly reducing the sliding friction coefficient to 0.197.

The synergistic effect of contact pressure and microtexture geometric parameters markedly improves the

interface friction performance and connection strength. This study provides theoretical basis and practical

guidance for optimizing composite material connection technology.
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Table 1 Parameters of laser system

Wavelength/nm  Spot diameter/mm  Power range/ W

Frequency range/kHz

Pulse width/ ns  Focal length/ mm ~ Working mode
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Fig.1 Experimental setup schematics

(a)schematic diagram of laser processing ; (b)schematic diagram of different groove parameters;

(¢)schematic diagram of connection structure ; (d)specialized apparatus for friction testing; (e) friction test setup
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Fig.2 Comparison of friction performance between CFRP and aluminum alloy plates under different contact pressures

(a)typical friction slip curves; (b)comparison of friction coefficients
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Table 2 Friction coefficients of CFRP and aluminum alloy plates under different contact pressures

Normal pressure/N

Contact pressure/MPa  Static friction force/N  Sliding friction force/N  Static friction coefficient ~ Sliding friction coefficient

2168 7.5 826
4335 15.0 1407
6503 22.5 2021
8670 30.0 2507
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1081
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Fig.3 Friction conditions and microscopic structures of CFRP and aluminum alloy surfaces under different pressures

(a)-(d)sliding friction conditions under different pressures ; (e)-(f)microscopic images of post-friction surfaces
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Fig.4 Friction performance analysis of aluminum alloy plates and CFRP plate with different groove depths
(a)typical friction slip curves with different groove depths; (b)heights of microstructure protrusions and surface roughness of

aluminum alloy surfaces;; (¢ )comparison of friction coefficients under different groove depths
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Table 3  Friction coefficients of aluminum alloy plates and CFRP plate with different groove depths under pressure

Groove depth/pm Static friction force/N Sliding friction force/N Static friction coefficient Sliding friction coefficient
19.3 1320 1181 0.305 0.273
25.9 1352 944 0.312 0.218
31.8 1391 852 0.321 0.197
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Fig.5 Friction conditions and microstructure analysis of aluminum alloy and CEFRP surfaces with different groove depths
(a)-(c)sliding friction conditions under different groove depths; (d)-(f)typical microscopic images of friction on aluminum alloy surfaces

(g)-(typical microscopic images of friction on CFRP surfaces; (j)-(1)schematic diagrams of aluminum alloy and CFRP
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Fig.6  Friction performance analysis of aluminum alloy plates and CERP plates with different groove patterns

(a)typical friction slip curves; (b)comparison of friction coefficients
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Fig.7 Friction conditions and surface morphology of aluminum alloy and CFRP surfaces with different groove patterns

(a)-(c)sliding friction conditions ; (d)-(f)surface morphology of aluminum alloy; (g)-(i)surface morphology of CFRP
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Fig.8 Friction performance analysis of aluminum alloy plates and CEFRP plates with different groove distances
(a)typical friction slip curves with different groove distances ; (b)heights of microstructure protrusions and surface roughness of

aluminum alloy surfaces;; (¢)comparison of friction coefficients under different groove distances
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Table 4  Friction coefficients of aluminum alloy plates and CFRP plates with different groove forms under pressure

Groove angle/ (%) Static friction force/N Sliding friction force/N Static friction coefficient Sliding friction coefficient
0 1309 968 0.302 0.223
45 1335 878 0.308 0.203
90 1391 852 0.321 0.197
3 QE-L/P: tric Power University, 2015.
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