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Abstract: In recent years privately-funded aerospace companies have achieved great success in re-
usable launch vehicle design and manufacturing, which have drawn extensive public attention and
driven us to speed up the recovering schematic design and experimental verification. A scheme for
recovering of boosters is proposed, which uses parachutes to reduce the descending velocity and
then uses steerable parachutes to control the drop point, and finally, uses support legs to protect
the boosters while landing. The scheme is simple, reliable and cost-efficient, the subsystems of
which are mature. Further, it can be soon carried for demonstration and testing in a launch mis-
sion. The scheme is proper to be a first step for engineering practice of our launch vehicle recove-
ring. It will provide experience and data for the following recovering study and practice. After per-
forming booster separation simulation, aerodynamic calculation and attitude simulation, it is
proven that the scheme has no effect to the safety of the launch mission, and, the reentry process
is controllable and the scheme is qualified for implementation.
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Fig. 1 Classification of launch vehicle recovering schemes
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Fig. 2 Booster recovering process of Ariane 5
e dE A IL 27m /s,

A B AR BB, B BORAR AR, TR b
IR T S, 5 R R Y ) LR TR % T B Y
R P ) B i b (W LS B4 4R AR, A K
TEAEAE M v& 32 ) LAUJS kBB R K T . 3 A A DLk
IV AR T AT P B AR R U R A TR A R
S5 3z A3 1Y i [T

3 EfEHFEA

LA 01 A R GE A T A A XA A B 1 I
WE 7 2T 24 L SR R ) B R B9 e Jig . R R 3 A
MR HlE M HAERNE 2+ &2, aE%E
10 T 5 R A A R, X-38 R AT AR [l i 3R
ey 36 [ e e AR W OF A0 K, 31 e i ARk
697m*, A & O 11.25t, 45 Bl m B 95 SR N
2.5m/s, ARG R T7 i H R R il
FERBAT . I KA FE AT BRSOk
dg . ZIRBHRI I THA N 1.5 ~2.75¢. X-38
QAT o B RS ] [ S AR L RT3, 3l s T
FELT v SRR, LI 4,

LA [ WA 4 ) AR Y S R R i R 2 A A [l
Wae o o ) 3 <P TR, ORS 9 A A o SRk R R R
iS5, HATX L8R e 2 Mmook, nf RS
IV 32 28 KA B A A I A B SR, B A el i A o
AR LA 25 H R A I S D [ AN .
CRA T, AT LA e (ol i oK BE A 25 il 2 2 R 7
il 1) AL

4 FERKZASFEYKF FREIT

T [ H AT i B AT — 308 2 52 B [l Wi 19 42 280K
5. oIk T bR b A Al KR AT R 5
B, R RBR MR R S S ERE I T
TR, AW B R R K K A A B A 0 Y B

Sl B S
\j WAL

IR P H TR

VB AP FE I
PmEE T >

ﬁﬁﬁ@ﬁm\\$§?
SRR S B0 S \W

B3 X-38 Eimd Eid g

Fig. 3 Recovering process of X-38 with steerable parachute
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Fig. 4 Precise landing of X-38 with steerable parachute
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Fig. 5 Components of the parachute system and the

unfolding process
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Fig. 6 Operation process of the booster recovering system
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Fig. 7 Structure of typical landing legs
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Fig. 8 Booster separation model and simulation process

(tail-wing unshown)
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Fig. 9 Separation clearances between boosters and the jgg

central stage with and without parachutes -200 ;
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Fig. 10 Separation clearances between boosters and

the central stage (partial enlarged detail of Fig.9)
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Fig. 11 Calculation of the aerodynamic parameters

during booster recovering
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Fig. 12 Angular status simulation of the booster
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Fig. 13 Simulation results of the booster reentry process
AT E PR AT R WL B AR A G 7R 20 3
FH BRI BB EE . A8 20km LUTF I 2 258
FaiE » AETERSE BUM . o 122 IR R 3 ol i 9 7 2R
W m . Mo s iR e AT, AR T 2R
GEMRAN TF IS AR, 2 DU ol I 9 <pm R 3L < 5% 452 5
T I 45 1) il R 22 i ]
4.4 SEMEREAMEHEEMREE
S [ 1] i 2 8 U A9 A O A DL IR 14



14 F SR A

2017 4 9 A

S XA
!
LR
)

Je B RS

TR S H AR
N )
% Pl
GPSEHE i A AR
l BRI A3
E R Ry
VAL ) e A B
i U R R
FRIFLE R

14 BhERCHEK RS AMRESERE
Fig. 14 Control flow of the booster recovering process

with parachute system
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Fig. 15 Flare maneuver landing of the booster

with steerable parachute
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