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Abstract

In this study, a hybrid control method that adjusts for the existing force control technique has been
presented for consideration. The proposed hybrid control technique does away with the chattering phenomenon
occurring in existing force control technique and provides high shock absorption efficiency. In order to design
the controller for the landing gear with MR damper, the equation of motion of the landing gear was derived.
The hybrid controller was designed after constructing a simulation model using Recur-Dyne, multi-body
dynamic analysis software. The hybrid controller can reduce the maximum strut force and displacement based
on the skyhook controller, and is able to get the high efficiency by making it work for the additional force
control technique. In addition, an effective switching control technique and input shaping technique was
applied to prevent the chattering in the drop simulation. Finally, the performance of the landing characteristics
was evaluated throughout the various drop simulations.
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Fig. 1 Schematic of designed MR damper
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Table 1 Design Parameter and Design Value
for Landing Gear with MR Damper
Parameter Value Symbol
Lengtkll{ge’lfdPiston 01 m H
Gap 0.0015 m h
Polytropic Index 1.3 n
Circgrrli?ecreence 0.121 m R,
Air Chamber Area | 0.00212371 m?> Ay
Rod Area 0.0001256 m* A,
Oil Chamber Area | 0.00384845 m> Ay

Piston Head Area | 0.00282743 m?> Ap

Pole Length 0.014 m lp
ViSCOSI;“iltgidOf MR 0.98 Pa « s ¢
Initialpéeigsg?smber 709.975 kPa P,
Initial Al Chamber | 00063712 m? | Vo
Friction Coefficient 0.1 W U
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Table 2 Properties of Fluid

Properties MRF-140CG MIL-H-5606
Density 3.54-3.74 g/em®| 0.872 g/em?
0.280+0.070 0.0122
Viscosity
Pa » s @40 C|Pa » s @40 C

Respond Time < 50 ms -

Operating |, _ 130 ¢ | 54 ~ 135 ¢
Temperature

Yield Stress - Magnetic Field Strength

Yield Stress (kPa)

o

a
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Magnetic Field Strength H (k)

Fig. 2 Yield stress of MR fluid vs. magnetic

intensity
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MR damper
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Table 3 Performances depending on skyhook

damping coefficient

Cory n Max. Force | Max. Stroke
0 81.0 % 25.66 kN 219.5 mm

100 83.6 % 25.11 kN | 218.9 mm
200 84.5 % 2449 EN | 218.2 mm
300 85.0 % 24.07 kN | 2177 mm
400 83.4 % 24.26 kN | 217.0 mm
500 81.5 % 24.52 EN | 216.3 mm
600 79.9 % 2477 EN | 215.6 mm
700 78.3 % 25.03 EN | 214.9 mm
800 76.8 % 25.28 EN | 214.1 mm
900 75.0 % 25.54 kN | 213.4 mm
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Table 4 Performance comparison of MR landing

gear with the hybrid controller

n Max. Force | Max. Stroke
No Control| 80.9 % | 25.66 kN | 219.5 mm
kyhook
Skyhook | a5 g | 24.07 kN | 217.7 mm
Control
Hybrid o0 5 g0 | 9445 kN | 210.1 mm
Control
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HAY ~E= 557 ~E® WHYE 7217k 1.21 kN,
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Fig. 10 MATLAB/Simulink diagram for hybrid controller
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