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Mechanical model of locking mechanisms of folding wing for spacecraft
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CHANG Hanjiang, CAI Yipeng, LEI Bao

(China Academy of Launch Vehicle Technology,
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Abstract: To model the plug-in locking mechanism, the plane strain assumption and superposition
principles were used for dimensionality reduction and simplification, and an analytical model of
connection stiffness considering the effect of gap was established. Firstly, the energy method was used to
solve the indeterminate problem caused by contact friction, and the normal and tangential contact forces
were obtained. Then, the equivalent contact stiffness was calculated by using Hertz’s theory, and the
bending deformation of elastic pins was calculated through beam model. To validate the applicability of
the method, the analytical results were compared with the experimental results from the reference paper.
Finally, the parameter influence analysis was carried out, and the effect of load and clearance on
connection stiffness was proposed. The results showed that when the load changed from 20 N-m to 50 N-m,
the connection stiffness of the locking mechanism increased by about 3% —5%, demonstrating a hardening
spring nonlinear effect. With the increase of the clearance, the connection stiffness showed a downward

trend, owing to the fact that the fit size affected the relative attitude of the elastic pin and the hole.
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Fig. 1 Schematic diagram of folding wing and hinged-locking mechanisms
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Fig. 2 Finite element model and Von Mises stress results
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Fig.3 Equivalent model of pin and hole for contact analysis
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Fig. 5 Plane model of hinged-locking mechanism
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Fig. 7 Theoretical and experimental results of Fy,
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Table 1 Theoretical and experimental values of the support reaction force under different loads
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! Frit/N  Fpig/N &/% Frit/N - Frig/N &l% Frot/ N Fyoe/N &% Frot/N  Frop/N /%
0.13 19092 188.01 1.55 528.50  526.04 0.47 21.14 20.19 4.72 40.50 37.00 9.46
025 195.08 188.54 3.47 528.48  526.67 0.34 28.34 22.92 23.67 62.57 58.86 6.31
038 19515 193.31 0.95 52849  522.06 1.23 33.89 32.47 438 84.66 80.60 5.04
0.50 18499 189.95 —2.61 501.04 520.52 -3.74 35.31 37.15 —4.96 95.65 106.12  —9.86
0.62 183.71 187.31 -1.92 528.59 516.84 2.27 40.31 37.50 7.50 128.86  121.87 5.74
0.75 182.24 188.50 —3.32 489.41 508.11  —3.68 4524 47.62 -5.00 135.11 14517  —6.93
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Fig. 10 Moment vs. rotation angle curve under different

clearances for three-point contact type
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Fig. 11 Moment vs. rotation connection stiffness curve under

different clearances for three-point contact type
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Table 2 Connection stiffness under different loads and

clearances for three-point contact type

N-m/rad
[A] B d_/mm
M/(N'm)
0.4 0.8 1.2 1.6 2.0
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Fig. 13 Moment vs. rotation angle curve under different
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Table 3 Connection stiffness under different loads and

clearances for four-point contact type

N-m/rad
MI(Nm) [A]B d/mm
0.4 0.8 1.2 1.6 2.0
20 14027 13320 12493 11479 10171
23 14107 13419 12587 11590 10266
26 14215 13506 12680 11669 10345
29 14299 13580 12756 11750 10419
32 14371 13656 12824 11820 10486
35 14437 13722 12893 11883 10547
38 14498 13783 12954 11942 10603
41 14556 13840 13010 11997 10656
44 14609 13893 13062 12049 10705
47 14659 13943 13111 12097 10752
50 14707 13990 13158 12143 10796
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