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Abstract: This paper investigates the effects of wing flexibility on aircraft dynamics during the
entire landing process. A drop-shock dynamic model of the nose landing gear equipped with a
single-rod magnetorheological (MR) shock absorber is established and validated through a bench
test. The drop-shock dynamic characteristics of the MR landing gear of the aircraft with flexible
wings are investigated. Considering the internal structure dimensions of the MR shock absorber
strut, pressure and flow variations, and properties of the MR fluid, a lumped parameter dynamic

model for the MR landing gear considering the MR damping resistance, compressed pneumatic
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spring force and orifice damping force is derived. In addition, virtual prototype of the MR landing
gear is built in Adams/View environment to carry out simulation research under the same drop-
shock conditions as in the bench test. The comparison between the simulation and test results
show that the relative errors in the peak load, vertical overload ratio, maximum stroke of the
landing gear and tire compression are all about 10%. Further, the wing of a certain unmanned
aerial vehicle is simplified as a cantilever beam of uniform cross-section and a rigid-flexible
coupled dynamic model for the MR landing gear considering wing flexibility is established for the
drop-shock dynamic analyses. According to the numerical results, the wing flexibility can reduce
the peak load of the MR landing gear and the maximum stroke of the shock absorber: When the
input currents of the MR shock absorber are 0 A and 1. 2 A, the peak load of the landing gear due
to flexible wing deformation is respectively 0.4% and 0.41% of the total in the earlier stage of
the landing process, and 1. 96 % and 4. 16 % respectively in the later stage of the landing process.
This indicates that a large part of the impact energy absorbed by flexible wing deformation is
released in the later stage. In conclusion, the damping adaptation of the MR shock absorber can
be realized by changing the input current, which can alleviate the impact of aircraft landing and
prolong the service life of aircraft structural components to a certain extent.

Keywords: magnetorheological landing gear; aircraft landing dynamics; rigid-flexible coupling;

wing flexibility; impact dynamics
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Fig. 1 Structure of single-rod MR shock absorber strut
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Fig. 2 MR landing gear drop test system and the correspond-
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Fig. 4 Illustration of MR shock absorber internal structure
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SRR F /N E?@é’éﬁﬁ WARAS S B G TR e

i 2 fTH/mm & /mm
PFEEHE 26 929. 3 1.37 95 66
IRIGLE R 25 027.9 1.28 83 58
HXTRE 7.06% 5.71%  12.63% 12.12%

3 BLEE A Rk 1 E Y R e o A

FAITCNHURE P B 2 26 R 2 il e 45 4
ML R FEMESE R0, EERLETH
B o B AL 0 WIS 2 K UL B WIS Ok T R Akt
AL B B Ry W A 5T o B s 22 W L B ) B P AR O
BN AN S K AL 87 Ak Sy 5 48 it A8 2 [ A
A0 A BT et HR A BIL B AN . TR R R 2 T L
B RLIHCRE AL S 79 00 1) 2 9% 20 S5 800 — iR TR R
gt ka2 AL G & 13 .

% RN

NI TR
AR s A

T%Hé

P13 25 JEATL IR 2 10 1 T 7 AV 2R 2 (A A
Fig. 13 Multi-body model of MR landing gear considering
wing flexibility

87 1 hy 45 T Ak R 0 L B MR Oy R M
LM B 5 2 H A5 AP . LI RS GO
A PEARUT y AN 4R Bl L 3R T a1 Dy = b TR
B AR O PR R AE T T yox L B R AL
) FZATE A AR .

3.1 EFANSYSHWEBERNERSHEST

Adams HA] LI A 52 550 R A AL B R L B
R T S By B T S PR AL 3 s AT FR T AL 3 A AL 1Y
I EE EAT BRI BT LLAE ANSY'S Hhrgdt a7 2 VL3 1Y
A FRITHRL I AT L3S 0 i B b B2, 7R kil 1
WA G SRR B M S fF . AR S i ANSYS
AR s T ST A R AL E A A B o s AL PR L
BERKE R 2 m,E LR HRITI A BEAMS, B g
B A 0.000 1 m?, g3ty 20 Br, B2 ook

http: // zkxb. xjtu. edu. cn

BERET A LN 2 800 kg/m®, LR B EE Sl 8 X 10"
Pa A L 0. 3. 7888 92 55 WAL B [ 5 % 45 4
ST OB A N EA ) B R R ML R AT LA A BT L T
10 PSR % 3 Bin. T 6 By b Nl ikE 3h
B AN L B B AR T AR 10 [ RS A 5 %
5RERN I A BN I UK R BB T~9 B
B 43 006 W T AILEE B HT 3 B A PR AL 4
Bl 14 fiR.
A3 FHALEE 10 HEEME

Table 3 First ten modal frequencies of the flexible wing
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Fig. 16 The dynamic characteristics comparison in drop

simulation between the aircraft with rigid wing

and that with flexible wing
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Table 4 Peak values of the MR landing gear drop dynamic

results in simulation
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