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Fig.2 Schematic diagram of stability of landing mechanism

////:\\\\
rl\h\\
)
R

1 2
WZﬂW%m(E) (1)
2 n

H T 4 A IR ] A ol 2 A i 2 T A L T 2 T £
S U 8 O B B ML R il feE B ERS E Bl LAA EE
BN GIE IR P REA R R R B S S S
BARK.

il (D) SR et S AR R R, WE3
Fios, TR REBER = 1. 3 RATUR 0 S8 i AR B 2 i
AUAE) 50 18 7 o IS, i ML) R 3 3
A TR RGN E A K o 26T DL EARBL, BANE
BALA B B RS B U BORTE R, X R A
HURE SEHE R win ks B4 38 BEATLAG R 3 d K RITTT 17)
A A Bk 7 BLR [ U SO 4 R,
FLR IR EIR TR I3 AT 0T L PR SCHE RS SE T AR 55K

30 ¢ 1 0.50

1 045
1040 §

* 035

B3 SRR, R SHEAN S R IR
Fig. 3 Relationship between support area, efficiency and number of
mechanism

2 BREAAMELE T SIS i

2.1 BRI RILRE SR

BEAN 5 Bl DL AT AL A A XT38 3 KT D P TR
PR, DAY SR HCF T ] P S A R 8 AT 3 LR A 2R
Bro PR TARIE B3 24 T3 H d A
NS A W) o X3 A T 2 A R LA HEAT
MRS BT, MR 518 BT Z AR LR, W]



472 PRI 2 (R3S

20224F

AP DY A AL IS Bh B 5 2
f=3x=2y 2

Zx,- =x 3)

Horr: x NUIZ )5 AR50 OFUR 0 41 2 R BT A5
BRR) 5 yNIBshEIEL PR ¥ 4 2% R U0 H0
B 5 x NEAN SR, =1, 2, 3, - %
TR NTRIRAE s AN 7 2Rk B BH

FH B FIRR L 2 T 15

D ixi=2y 4)

v=y—x+1 %)

Horbre VNI FR AN B R IR A B B . D G £ Bl B

BRI 20 BN I S T R A i B AR A AR T S 1k

Ky = 18y = 2P0 Bl BR AL BT 5o SRV #K

B RS IS S, DA X BT B

ZURMITOR, B DREm AR PIHRGA H L

WONf=40 25 EAAX RSN 5, R 1R .
®1 BMHMERIITAR

Table 1 Topology analysis scheme of landing mechanism

f v y X2 X3
4 1 4 4 —
4 2 7 4 2

SR FA MUK IV i T 0T 6 Bt LAY 9 0 25 R E AT 70 T
SR B B TR RS L T, BRI —Nie
2o HPEART I, 56 A A Bl ATLAA) D R [0 41 4T R A 1
v=1MUAFE— MR 0, Rl ARIG T 30y = 2/
28, LRI BR AR 4N S SR A 54N I BN EIH R, X
[ oM e s 57 12 SR AL k. XUEl R BRI AR
PRV N 7 2 AL A, BEESENME K
o R LUSETHE R ML AT St ASCA %8
WY = TRIHLR 5 [B] B R G 7 2 -

W v=1 Q
@ Hft

B4 HEEHUHIERE

Fig.4 Embryo diagram of landing mechanism

22 EFEHAEAEES RR
VU 1 DY 3 2 ) 4L B B [ i A b AL A v >R i
EITE X DUREIIL G, LAk b5 i s T ey @l o )
AE RN PIHACE FEA R (R) 583

gl (T PIMER. B PF4 98 BT wi i, T
P 5 7~ 4 o T T 32 280 K 3 LR (] 35 Bl AL A Ji R A
Mo HARI PR3 NREIE, 72 SRR Bt By A
Hatlk, CLEimBet v, WSR3 2 &
PG, M3 IR A BRI, Sl I3
A = IR AR S . RIA 3 S F2 2 10 D e B i
R, M3 5M4 2 Bt SRR .

(a) MRZRIETMV RS (b) “HRBHRME” (o) “MEEIS” () “Hiksi”
(New Shepard) (Falcon 9) (New Glenn)

El5s EHRUIE T RE

Fig. 5 Schematic diagram of configuration of landing mechanism

4R- | 54R- 11 RS RNE A, RIUE T BT
AR IR Z 04, BN AR T I R =R Ak
Hizh 11, B E &3 1A 2 . Blue Origins 7] fiINew
Shepard ‘K #i K FH4R- [T HLAGHEBY,  AH S b AE A 3888
XT LA A B LG R B VR B ). E/RTE Tolk
K BRI R AR T MU R, AH N b 75 48 4
FLAR] IR LA B I B AL R I BR YR . 4RTT RIE TR
BT X R E WL, FENL R IT BRI, I8 2R
PRI S22 m B0 E], SEELE G B E B
WURE 0y AR ek 25 4™

IT3RA— BRI 53N LRI M e, #
FEIB T 1 522 18] HLAS R i 72 o ml oK
FIHERHL B S H ), SEERNAT B S REIT.

3RITHW N — MR B E] 534 ) Bl I WA % 2,
EREEE T 15418 BahRIAF] 1
PS4 (8] () AT 3 #3 Lh S [t LA £ R g 78
R4 R B AR TSR], BRI S
iR T 2 S B ], AR B A AR AR A B



%50

FoofE, 5. BECKHEER FE U UL S it 473

3 EFENAAITIRA Ri%T

3.1 EFENAIEER S Rt
HRENMTIRIU 77 R B A K6 (a) B, &
TR FERE. BIBE. HEF. DR E AL K. —
ok BRI 2% B BR2H B LR = BRI 188 4, 4N Tt L
IS BAEFARIL A, WEe (b) Fia. ZERL
FTE K EF BT B A B U B NG AR SR T, DA/ 2
SRS, TR Bl T ATLAG R T LASR R R i B (1
BAARUENE. ERR FImAIET A LRE, e RE,
FHR R i 5 R T AL R B R A s BRI b
5055 B TR RUERE: BB E 5 PR,
—FORIE AT L N BRI B AR, ST ARG
BEE, MR T RN E, N3,
F B FHAFEPIRESS T . &350 2 HAHEEH,
RER I A 32 A [ B =3 R Py S04 4 B 2 ) ) v o A
5 Bl MUAA) 1 8 T 3 2 DA R S 3 A DR 245 a1 7 B
o AR AL TR AS I, =R B3 B 2 H b

) 25% I

% i ik
iy
HE ' ]
B T U BUSTEEH E )

— 75%EH

R, JF BT B L 0E 060, R 2 Mk
Hi R s, PR BRI . E KT R
BT, R ) RHERT [ A B i, JF
Gew i b SR s (7 I R A o A e Bh S
RN SO T e . MR B R KB R A, MBI
OSSN RN EBR ALV, TRRBBUR, B RGH
RS, TR SRS . e A A A
Mo, ZEURBBA G, BRI R R A AR KIS I

s
FR
Fil i
HEFF

(a) IEFLIE (o) HHLE

Ko HREHMARTEE

Fig. 6 Schematic diagram of composition of landing mechanism
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Configuration Optimization and Design of Vertical Landing Mechanisms
of Reusable Launch Vehicles

LI Yuanheng', ZHANG Hongjian', SONG Zhengyu’, ZHANG Ling', WANG Chen', MA Hongpeng'

(1. Beijing Institute of Astronautical System Engineering, Beijing 100076, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: Research on the scheme of the vertical landing mechanism of the launch vehicle was done and the design schemes of

different landing mechanisms were analyzed and optimized through such methods as graph theory analysis and topology analysis.

For a high reliability, the mechanism scheme of a single closed-loop chain was determined. To achieve the goal of a high efficiency,

the relevant motion pair selection scheme was determined. Considering the simplification of mechanism energy and other factors, a

new design scheme of landing mechanism based on mortise lock was proposed. The research results can provide reference and

technical support for the development of the vertical landing mechanism of the reusable launch vehicle.

Keywords: launch vehicle; landing mechanism; configuration design

Highlights:

e A comparative analysis of different mechanism configurations of the launch vehicle was carried out by using the method of graph

theory.

e A configuration design optimization method for the vertical return landing mechanism of the launch vehicle was proposed.

e A design scheme of the vertical return landing mechanism of the launch vehicle was proposed.
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