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Abstract: The classic sled—type landing gear is difficult to take off and land in challenging terrain, with the wide-
spread usage of rotor unmanned aerial vehicle (UAV) in both civil and military domains. A two-stage buffered
adaptive landing gear similar to a human leg is designed to increase the landing area and application range of rotor
UAV. An adaptive landing gear attitude adjustment strategy is proposed by analyzing the positive and negative kine-
matics of the bionic leg. A bionic four-legged hexacopter UAV landing dynamics model is established, the landing
dynamics simulation is carried out using the multi-body dynamics software simcenter 3D, and the model is com-
pared with the conventional sled landing gear. The results show that the two-stage cushioned adaptive landing gear
in the landing leg style and its attitude adjustment strategy can reduce the roll angle by 95.69% and overload coeffi-
cient by 34.06%. The two-stage cushioned adaptive landing gear has excellent shock absorption and cushioning ca-
pability in complex terrain.
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Fig. 1 Bionic principle of two-stage cushioned
adaptive landing gear

7RS0T BT G D% vh A T LS v R 3 il
PERE , P Ik 220 i 38 25 <8l g 2 X LA A 52 i A
S5 Z 1) B JE FE A, HLA R i 1F 22 )34 4 7T 5

2 EhFREFEE R
2.1 HFRREMEIL

R YT B M A PR % v 3 R TR AR i
ShORAS WA SO B AR bR R AT R X R
T NHUHET G 22 A7 % FR EL U A 2 B AR T 75 30
AL B F O A B PO SRR, AR A bR R R b
0K O0,X,Y, Z,, DUK A2 b5 2 19 i i 5 WL A
OEAVME 2R, LB TR RN (R iR
OX)Y, Z, B 5L S E B A B R AR AR R L1
AR L A 3 TR .

K2 LKA AR R
Fig.2 Body coordinate system

K3 LR AR R

Fig.3 Single leg coordinate system

2.2 HBRRIEZHFEE

12 By 2 1F fif 1R BRLBR AL AR 2R O M AR TR A OC
AR BER R R e AL R IR BB K AB Y
LR EE R 0, R BB EE BC O L, TS £
FER O, BB CD N L, BROCTT AE N 0, TiE
3 Jo AALAE 25 vh Bt I BB A 2 A, 8 6 AR
B T B W S T ST e g, M o — K
B K BROCTT A4 Bl 5 & A= 5 gl | i fe 2 A5 B
BOAN 25 BROCT 1 AR B2 A2 AL, A G2 o 4 4R Ol 1
B 9% vh 4% JC R 46 s hn A AT R o R SR AT R AL Sy
— R ERR, Y02 N, 2 A bR
(v, 2)o

y=1[cos0, — [ysin0,
z=/(sin0,+ [,+ [;cosl,

TE 5B AL bR & v, 308 Bl 02 IR B B 2 A i
0 39 2ok LTI LAAR B0 JE g ) 57 25 R SR fige B S 4
ST R A BE LA I Ok 45 ) 8 OC Y % Bl 58 I SE L

(1)

X 1) 2 v 05 A2 ) o
WO AL N

0, =T tanfll —
2 2

‘,1112+22+y2* l,*— 1" — 20,0, cos 0,

cos
20, /y"+2°

(2)



48 iz TR

%15 %

AR P A7 DU 3 8 25 K 1y as sh LR, Bl sh oG Y
B DY Y 1 A

0,=——10, (3)

2
2.3 MREHBENEZRRIFERR

A CAn Bk £ L M50 A5 ) 1 H R B0 AT LA
T Ao 2 0 FH AE R 2 R AH X 3 AR O A AL
I 52 24 1l TV KBRS L AL S PSS B B 22 R
ARSI . B2 N5 em Ji M b 1570 75 2 A
LA AR AL AN ] 4 R

P

—_— —_—
'

i i

(a) o BEZERLEL

T :gl-—‘—‘
ey

(b) R AR

B4 S AMIE L

Fig.4 Simplified models for complex terrain
BT LA ] AR R AR SCER Y — ol R
LIS VAR, A 2 DR UE A Bl IR O A S ]
] il HALAR R Fp KSR S . 7R B fE b, T
N AHLAY F2 7K 181 45 1 55 AL b &R K P TR 5
£, AR R B AL bR FR B A AR (2, y, 2)0 3 S
iR T A TR AR IR M P B I F ALK B
e H R R A Y,0,Z, N is 3, HIE
HEMAITT Z MR R S EORA, R RARr
MR (2, y+ Ay, =+ Az ) LUE R AR FN ) 22 P o

3 EHMhHFEER
3.1 EgEAEER
1% G i AXOR 75 20 2 e 3 e AHLALIER I A9 [E &

S AL A T X A2 24k Y I i 0 vk S B Y AR TR
I 3 Bl o B uF 15 2 A RS 7 Sl 5 R R RS
5 s

= / g
< Lo
S

(b) f et vk 25l ) 2 i il
B 5 g Uk 4 L5 Bl i 1
Fig.5 A traditional skid landing gear landing model
LA 30120 o 26 P
A=H—hcosf+[sind=0
N,=H—hcos@—[sin0=0
K H A BER T AN O s B 7K - 1l 1w A 4% 52
ECES 5 b 2Ry SO T MILAAR Bl ) 2 4% G A =X V8 2RI T
B IR B 5 R RS T AR IS R R — 2 5 0 3R TE AL
B9 TR B A0 5 Oy Ay 43 0l O T A T AR BE S BT R
PR
EE NIV R |
mL=f, + f,
mH=F,+F,— mg
Jo0=fi(hcosO— Isin@)+ f,(hcos@+ [sind)+
F,(hsin@—+ [cos0)+ F,(lcos@ — hsind)
(5)
K om RHEE T AL BT & L R O SAEK V1
T b 0 52 a0 B 22 0 3 4 IS BB 4 5 A BE B 5 U,
Sy Jie 3 I AN ALSE i B0 Ho3E BT s 2 i il
AN L F ) F o WIS 1 A 52 B i T 104 125 1] o
A 1o S P T AR S B 0 D) 1) BEAEE )
FiFo 5 A0 A 2R BAR R

(4)



553 4 JEV AR A5 7 A DU S E R TE A ML I N 25 I T R A T 49
F, >0 (i—1.2) (6) FE 1) R X 1 B

1= ’ 3 S

AZ=0 X (5) A7) AT g0, PS8 b 3 R Y

3.2 WMAEHEENEELE

W6 2 2% wh E i R T 2R A TR 2% b IR s T
DL B 98 Y BE 3 4E A SE B U A SRR R B o R,
& B HLAN 1K 6 JF 7 .

(a) PIZEZE A 25 A 7 2R 46 Bl s IR

- .f — _; _— — '[
. & F, @
r, (Y] l/,' (
X =/ {
// r:
‘\X\L’m’n F,

P T
Lo g

(b) P24 22 uh [ 165 N7 A 7 28 2y ) 24 g A

6 2% 2wl 9 O D S i S A i A5 T
Fig. 6 Two-stage buffered adaptive
landing gear landing model

i P8 b 32 B A A Al LR R

M=r 5(F 4 f)
o (7)
F:mg—f—Z(F,-f—f[)

3 s, Ry i B E BT B O 4 2R A5 m A T
BN AR F M f=f+ f A 5 32
S (3 1) ook 0 A D) ] EE 4 T
2z vh A% T SO — W SR R e R G, B R
T 2 7= 20 0 R R A R, — S R B S 2
2 [B) AR X 32 s i = A 0 st 7, 55 — A 2 i A
BREE P AR R BELE T R BB 0] LLRIR R
F,=Ké+ Cv (8)
P F oG oh 8877 W 1 s KON PSRN 50 h &
8] 45 76 ZE A AT A% 5 C PR e R By M ER 516

2R ki Bl )y 2 45 e A U V% R A R IX 5
TE T A% Gt A R I 20 [ 5 i # 20  BORE 3 o N
BILTE 180 X5 AT: fo] 11 T 55 JES 3 1) JE AL BT 0 19 2K Jt R
Zegg— A, 00 0 20 2% w3 R 9 A T XA
[ 1% AT AR Hfs 12 A A 10 3t 1o 2 K0k A i
IO ] S P AR S, DR O A A% SRR A A2 s 2 G
AL 9 R 4 2 — A AL B M, fRAIE T P2 2%
i 3 O RS v R H. o 4 A 3 A R 3 ) e

A 2R v 28 A 5 b Tk A il Ok AR HRE
TP 2% vh 3 R VR AR A R A L ]
VLI i 22 w2 T 46 47 2 R 35 3 1R AR 1RE Y
S:H]8

4 EBEEMEXESH

T o3 AT P 4 2 vh A 3 R AR T Xt A2 2%
T2 I} 19 45 i R E , 23 501 %) A% 5 A SR 7% 48RP 4%
G w1 RS v AR AT e B 22 RS b I
vE R Ho A S 3R B M T ik 1) ol ) R
PLE 1 09 PO, BLATR 5% £ 1% X, Bl E 77 1) O I, e
FLIC AL A B9 3 B T 2, Bl B8 27 18] R IE

4.1 SEEHE

1E simcenter 3D 8l JJ 54 V7 5 em 5 E
25 1) M TSR o3 i) S A T % o I R VR AR
H A% g 4 2R 7 48 R P00 IE 32 T8 AL, A7 5 Bl
FER 2 m/s & =il sh 05 B L gpe Ui 75 42
59 2z v 1 3 7 R Ve SR AE R R 25 MR 3 BT )
o AR AR B LR R e A RN B0 TRE 1 AR A il 26
B 7 H s o

10 -

— e
e — PIRGEN EE AR
& 6
W&
&
= 4
h
N
2f \_ l'"|
HE AN
""’I l\’l’ \I’ 1 1 J
0 0.2 0.4 0.6 0.8 1.0
i)/
(a) 13 R HL



L 515 %

4.2 HEMRE

£ simcenter 3D 2 J) S 8 R 7 1578 M Y
EE R R I S W NETE & L S Brg I o IR
Getd R TE 4L 3 TC AL, HEAT 4 B N 2 m/s
RIS S, EomURER S MRS
T B R VE 4R A A Y T 3 a2 R R

50 it
6 -
Sy N — W & BT A
Iy A
4 -.; \'\ ! e -
— [
[N E N
ERR IR
H [
wonoW
. ]
1
!
Y
_1 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0
I} [/
(b) HLIARTRH i
1.0
—— AR
05k i\ — PR L SRR
i “\
A ~
~ i N
2 y oo/
E —osf
i
o[
-5
_20 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0
G

(c) JFi i

P75 cm iy 3 22 M T8 35 B ASE 0L 2 3t HE
Fig. 7 Comparison of 5 cm height difference

terrain landing simulation curve

M 7 (a) 0] LAE P8 2% b [ IS Rk v 48
14 2 28 2R B e KAB AR 3R T 1% ot =S 7 ZR B AR T
21.79% , HUA Bk V% 42 g M 3 4 5 WKL 7(b)
R LA 0 2% o 3 N A Y5 28 7 25 Bl ) ML A4
R MM TSRS AL T 95.69% , H
AR NEL 7Cc) AT LA Y« T 9028 vh 1 35 Ak
Vh 4R R s ok b S E 3 TG N BT A Ak £ B S
AR T4% Gt =R 5 4L AIR 1 96. 97 %0 .
1% 55 e R 74 40 RN I 9L 2% v [ 3 I A R AR TE
5 cem i B 22 OB 3 Bl ok 2k R B HLAATR B A
I fih by 2 551 0T O R R e K(E P 25 B LA 2 1
iR
Fl 2 M A 4 SRR L

Table 1 Comparison of altitude difference
terrain landing results
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