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Tribological Performance of 316L Stainless Steel Sliding Against CF/PEEK with Bionic
Non-smooth Surface Under Seawater Lubricated Condition
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Abstract: To explore the innovative mechanism to reduce resistance and anti-wear for slipper pair of high pressure seawater
axial piston pump, different types of bionic non-smooth units were processed on the surface of CF/PEEK specimens using
CNC machine tool. The tribological performance of friction pairs with 316L stainless steel under different normal loads were
studied. The results show that abrasive wear and adhesive wear are the main forms of smooth surface friction pair. The friction
coefficient fluctuates with time and stabilizes at 0.05-0.09. The temperature rises and the wear rate is high. Pits or holes can
store seawater and wear debris, which helps producing hydrodynamic lubrication effect and reducing abrasive wear. The main
wear form of friction pair with non-smooth surface is plowing effect and the friction coefficient stabilizes at 0.02—0.06. The
temperature rises and the wear rate are low. With the increase of normal load, the transfer from CF/PEEK to 316L caused by
adhesive effect is accelerated, the friction coefficient and the specimen temperature rise, the wear rate drops and its downward
trend gradually slows down.
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Table 1 Property parameters of 316L stainless steel

Density / (g-cm™) 8.03
Elasticity modulus / GPa 206
Brinell hardness / HB 230
Elongation / % 30
Thermal conductance / (W-m™"k™) 16.3
Coefficient of thermal expansion / (10°-°C™) 16
Tensile strength / MPa 620
Yield strength / MPa 310
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Table 2 Property parameters of CF/PEEK

Density / (g-em™) 1.4
Water absorption (24 h) / % 0.06
Rockwell hardness / HRR 107
Heat distortion temperature / C 315
Coefficient of thermal expansion / (10°-°C™) 1.5
Tensile strength / MPa 220
Bending strength / MPa 298
Compressive strength / MPa 240
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Fig.1 Configuration and surface morphologies of friction pair
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|1—Hydraulic loading system; 2—Tension sensor; 3—Computer;
4—Motor; 5—Spindle; 6—Upper specimen fixture, 7-—Seawater;
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Fig.3 Schematic diagram of MMD-5A friction and wear tester
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Fig.6 Linear dependence of average friction coefficient on load

for different types of friction pair
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Fig.8 Wear rate of specimens for different types of friction pair
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Table 3 Wear rate of specimens for different types of friction pair

(107 mm**MPa"-m™)

Different Load, p / MPa
friction pair 064 095 127 159 191

Upper 8.7 4.5 22 3.3 1.7
Bottom 760.6 503.5 3783 3522 56.1

Smooth surface

Hemispherical Upper 4.6 4.7 4.1 2.4 1.9
pit Bottom 679.9 4148 361.1 2674 220.2

Upper 7.1 5.2 2.5 35 1.5
Cylindrical pit

Bottom 674.9 456.6 340.7 2619 2284

Upper 72 76 29 33 32

Conical pit Bottom 6387 4244 349.6 280.0 221.1

Upper 54 49 33 16 3.1

Throughhole 1 o om 7748 568.1 3994 2916 2692

Elliptic Upper 2.1 2.5 1.8 0.9 1.1
cylindrical pit ~ Bottom 682.8 473.1 3158 250.8 249.9

Upper 49 07 17 12 29
Bottom 6512 429.9 371.6 299.3 246.4

Tri-prism pit
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(e) Color image of CF/PEEK
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(f) Confocal image of CF/PEEK
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Fig.9 Worn morphologies of smooth specimens
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Fig.10  Worn morphologies of specimens with hemispherical pit
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Fig.11 Worn morphologies of specimens with through hole
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Fig.15 3D worn surface morphology and height variation curve of the bottom specimen with hemispherical pit (p=0.64 MPa)
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Fig.16 3D worn morphology and height variation curve of the bottom specimen with hemispherical pit (p=1.91 MPa)
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