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Analysis of Motion Accuracy Reliability for Landing Gear Retracting
Mechanism Considering Clearances
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Abstract: With the increasing complexity of aircraft landing gear retractable mechanism, the effect of multiple
structural clearances coupling on the motion accuracy of the mechanism is more significant. The motion
accuracy reliability of complex mechanism presents the characteristics of high nonlinear degree, many
influencing parameters and small sample size, so it is very difficult to study. For this problem, this paper
proposes a method for analyzing the motion accuracy reliability of the mechanism by combining theoretical
analysis, dynamics joint simulation, and clearance wear. Firstly, a dynamic model of the retractable
mechanism considering seven structural clearances is established to study the independent and coupled effects
of structural clearances on the retracting accuracy. Then, the analysis model of the structural wear with the
increase of retracting cycles is established to obtain the change rule of clearance, and then the reliability
analysis model of retractable mechanism motion accuracy with the change of retracting cycles is established.
Finally, based on the adaptive Kriging surrogate model, the reliability of the landing gear retractable
mechanism is analyzed, and the variation law of reliability with retracting cycles is provided. The research

results show that the structural clearances at different locations have varying degrees of impact on the motion
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accuracy of the mechanism, and the probability of mechanism failure shows a trend of initially stabilizing and

then sharply increasing. The proposed analysis method provides an important analytical means for the motion

reliability evaluation of complex landing gear mechanisms.

Key words: landing gear retractable mechanism; dynamic simulation; clearance wear; Kriging model;

motion accuracy reliability
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Fig.1 Diagram of landing gear in the down and locked

position
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Fig.2 Functional block diagram of the landing gear retract-

ing system
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Fig.3 Schematic diagram of clearances in the landing gear

retractable mechanism
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Fig.4 Schematic diagram of multi-spherical contact

hole-shaft clearance model
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Table 1 Parameters of retractable mechanism in various

structural clearances

N EBRAR/N/ X i/ ZHmE i/
[i] B2 A5 Bmm %mm %mm
0.2 —0.088 5 —1.009 0
1 0.6 —0.169 1 —1.384 9
1 —0.2494 —1.760 4
1.4 —0.329 5 —2.1358
0.2 —0.087 3 —1.003 8
i 2 0.6 —0.165 3 —1.367 9
1 —0.2430 —1.7314
1.4 —0.320 6 —2.094 5
0.2 0.004 1 —1.049 3
B 3 0.6 0.117 2 —1.507 7
1 0.2301 —1.964 0
1.4 0.343 0 —2.418 3
0.2 —0.066 7 —1.030 8
i g 7 0.6 —0.1016 —1.450 3
1 —0.136 5 —1.868 2
1.4 —0.171 3 —2.284°9
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Table 2 Results of coupling structural clearances of the

retractable mechanism

MR E 1 e SRR ZahES i
mm mm
1 2 —0.5980 33979
1 3 0.064 9 37153
1 4 —0.3130 — 23033
1 5 —0.3151 99849
1 6 —0.3275 21619
1 7 —0.4521 35772
2 3 0.074 2 36731
2 4 —0.3039 — 292616
2 5 —0.306 0 99433
2 6 —0.3192 — 91240
2 7 —0.442 9 — 35353
3 4 0.358 6 — 95794
3 5 0.356 2 95597
3 6 0.344 5 24478
3 7 0.220 0 —3.8559
4 5 —0.0190 11514
4 6 0.015 0 14614
4 7 —0.154 9 9454 4
5 6 0.002 1 —1.4122
° 7 —0.156 8 24371
6 7 —0.170 8 23120

(a) Three-dimensional graph of X-directional displacement
with respect to changes in coupling clearance
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(b) X-direction offset varies with the coupling clearance change
in the projection image
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Fig.9 Variation of displacement in the X-axis direction

under clearance coupling condition
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(a) Three-dimensional graph of Z-directional displacement
with respect to changes in coupling clearance
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Table 3 Variable parameters of example 1

TS HL ¥ bR 22
T 5 0.5
X, 2 0.2

x4 HHNFEFETEERI
Table 4 Comparison of calculation results using different

methods for example 1

x5 EH2TESH

Table 5 Variable parameters of example 2

VAN 5 A i 22
x 2ed 0.08
x5 12 0.02
xy 9.82e—4 0.06
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