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Abstract In order to describe the lateral vibration of the landing gear caused by landing of launch vehicle, an
equivalent model for the excitation of landing impact is proposed. In this model, the excitation is equivalent to the
superposition of impact excitation and steady excitation. Secondly, the bending vibration modes of the landing gear
are established by the assumed mode method, where the coupling term of the longitudinal deformation caused by
transverse deformation is included in the expression of bending vibration. The dynamic response, excited by the
landing impact, is solved by the mode superposition method, so as to obtain a semi-analytical solution for the
problem. The real product experiments of vertical landing impact show that the proposed model is able to
accurately describe the lateral vibration and maximum moment of the landing gear. Finally, we analyze how the
parameters of the configuration and strength of materials affect the landing gear using the proposed model. The
result can guide the parameter design of the landing gear in the engineering implementation.

Key words reusable launch vehicle; landing gear; touchdown impact; vibration; theoretical model; parameter
design
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Fig. 7 Device of landing leg impact experiment
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Table 1 Parameters of equivalent model of the mean leg

s L/ m rii/m x1;/m my;/ kg
1 2.206 207.5 2.206 107.8
2 2.020 195 4226 99.4
3 2.020 182.5 6.246 91.6
4 2.368 170 8.008 110.4

984

HEAT PR A i v il SC 8, 3 A R AR T v B R 5
flk b

PRIV S5 T, pR ey T AR A5 14 fiok b ek 4 €]
87w, T[] 2 5 A i S SRR LR 2 . F 5] 8
AL, S8 1 b B2 R 1.490 m/s, SEH 2 o ik
MR 2,658 m/s. Hi ARG N R R, BTN
PR RE TH] 55 BT AR ) A AE R4 ), 5 OdfE L 5 S
B RS A B, i =(6) AT AR S T R
N=154.9 kKN, &l 8 ] W55 1 Hhofin st 24 24 83.1
m/s?, SCE 2 R 167.6 m/s?, T I EE 45 7 ) 5 Wi 4
Ko B, TH5 2 B BR 4 2h ) 2% Ry B, 5256 1A
S 2 N B a 43 B 83.1 Fl 167.6 m/s®, I
FERE R 0S5 B a=0, %1 17 45 B A58 45 04 407 & ek
JE, FHT RS 1 4R 0 AR A
3.2 BgEB 5 Ig A REIXTEE 9

TR I A i B i 2R (3) B 2R (4) By i
U A B, 20 (3) H HCE B A il b o B v =2.658
m/s, & F1 4 B B I cosa/sin’ar vy /1,7=0.057 rad/s’,
ZE B E /N T allsina=11.8 rad/s®; 4 &I
84 2.3 10 *rad/s®, K& BEIH A N 9.76 rad/s>,
B W P T2 38 /N T AR A A W R I, 3 B 5k o 3 A
EEHMN.

v/(mst)

(b) SEH2

v/(ms?t)

—=-167.6
dt

0.8 0.9 1 1.1 1.2
t/s

8 fliEENELR

Fig. 8 Measurement of the touchdown velocity
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Fig. 9 Results of experiments and equivalent model analysis
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Table 4 Maximum moment of the measured section (kN-m)
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Fig. 10 Leg weight under different angle S
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Table 5 Configuration parameters of typical strength
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