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Abstract: [Purpose] To address the degradation of pitch adjustment accuracy in marine controllable pitch
mechanisms caused by wear in kinematic pairs, [Method] a functional reliability analysis method
integrating rigid-flexible coupling dynamics simulation and wear reliability modeling is proposed. A
rigid-flexible coupled multibody dynamics model of the pitch adjustment mechanism is established,
combined with the Archard wear model to calculate wear volumes at critical kinematic pairs (piston
rod-slider, crank pin-slider, and hub bearing-crank disk). Input variables are quantified, and the Kriging
surrogate model is employed to analyze the impact of wear progression on reliability. [Result] Key findings
show the hub bearing-crank disk exhibits the highest wear rate (6.33x10” mm/cycle), followed by the
crank pin-slider (4.97x10”" mm/cycle) and piston rod-slider (2.12x10~7 mm/cycle). The system reliability
decreases significantly with operational cycles, dropping to 0.861 9 after 40 000 cycles, below the +£0.5°
pitch accuracy threshold specified in marine standards; the sensitivity analysis reveals that blade load
fluctuation dominates early-stage failures (19% sensitivity at 10 000 cycles), while piston rod-slider
clearance (5.53% sensitivity) and hub bearing-crank disk clearance (4.91% sensitivity) become critical
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fEZREN: B M (1986—) , B, mP TR MRFRH: 3 ITR.
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factors in later stages (40 000 cycles). [Conclusion] Components should be replaced when piston rod-slider

clearance exceeds 1.8 times the initial value or hub bearing-crank disk clearance exceeds twice the original

dimension.

Key words. marine controllable pitch mechanism; system reliability; rigid-flexible coupling dynamics;

Archard wear model; sensitivity analysis
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Fig. 2 Schematic Diagram of Motion Pair (Continued)
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Dynamic Analysis
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Tab. 3 Distribution Characteristics of Wear Amount
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Tab. 7 Sensitivity Calculation Results of Random Variables

B E010° e
) Op Op O p 4.p, O.p 6.p, d1.p,
1 0.000 9 0.000 6 0.001 3 0.001 9 0.000 9 0.000 7 0.000 6
2 0.004 4 0.000 6 0.003 7 0.009 6 0.001 3 0.001 6 0.002 9
3 0.0151 0.007 1 0.015 4 0.009 3 0.002 8 0.003 4 0.004 6
4 0.040 8 0.013 6 0.0553 0.049 1 0.022 3 0.005 8 0.018 1
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Fig. 8 Schematic Diagram of Sensitivity Results of Random Variables Under Different Wear Cycles
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Tab. 8 Failure Probability Results at Different Wear Positions

I ZEAT-T R s AP - R R k-t
P B R P B RAEE P B RIHR
0.021 17 0.0009 0.049 66 0.000 1 0.063 30 0.0019
0.042 35 0.008 5 0.099 31 0.000 5 0.126 59 0.005 6
0.063 52 0.0143 0.148 97 0.004 7 0.189 89 0.0152
0.084 69 0.076 3 0.198 63 0.016 0 0.253 18 0.084 5
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