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A Return Scheme Design Method for the First Sub-stage of a
Launch Vehicle

GUO Zuhua, GUO Hao, DONG Changhong
(School of Astronautics, Beihang University, Beijing, 102206)

Abstract: A concept design method for the return of the first sub-stage of a launch vehicle is proposed. It provides a solution for
the overall design of a recoverable Launch vehicle. Firstly, a motion model for return of first stage is built. In order to calculate the
thrust and its adjustment range, two parameters that named thrust ratio and thrust adjustment factor are defined in the model.
Secondly, relation between recovery thrust and left propellant is discussed. A constraint of left propellant is introduced. Finally, a
return scheme of a first stage is planned through a simulation example. The method proposed answers such questions as how much
propellant should be reserved to realize the return of the first stage, how much thrust should be used, what is the adjustment range of
thrust during the return process, the landing point of the stage, the max velocity during the return, and height and velocity before the
stage enters the landing phase. The example shows that this method can be used to plan a complete return scheme for the first stage of
a launch vehicle.
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Fig.2 Relation between recovery thrust ratio and left propellant

QD

ratio

3 [EWGEIE% SN F TR E]

RBNHL AR (8] B 1 HEE AT AE RS O, [0
aiEd, RA®SS RIS E T, HA et
AR N T BENE B R BT AR I R RAL AR
Rl AR, X B P R bR S AL AR I A 3 5 2
JF K T R EMLI AR 8 R E o B RlSCA ZhHL T
VERT IR A n B, TS S5 AR [R)1E

%=im@h
i=1

A o NEGERE R BIHLR THERC AR ] A,
F i1 I 22 i 2R S AR B ko2 i1 I
Z 20 i 5 2 R AL ST 1o AR o RN TR
KA SRHLI AR IS 1], BLORAIE K 74 oL R
AEMBIHERER], Bl

(22)

(23)

teq < tk - t/tl

4 ECEFEAR K S5
L [ WAL I R B DR B 2 — S ik R ML [ o, A8

A BRI TR BIRER R, [ ERAF LR
Bli s, B ANE EEIBER e e, MR SO RE U B 3
o FE W%, KETH T RINIF D E G, TR
GEL EThe Mo B, X — T HOATESE,
RENHUIE DV [T P83 TT 75 Mo, B e, 25 1 IR
M, R B KRB KT T RN 0, B g, 1N
ZI TPk B s s, BREHER N 05 M, Ble,, T4
FEEAER T B R, RN L5 HE, R
PUE [N, Bk, i, KHET T RERRAE T
RIZhgE, [ SAREIRN: Mo B e 3 B KT A BIHLA
AT 58 2 URURIHE A T 2 PR PR R vy R S e 2 AL
ANHE s e, B e R B R BG, 0 T AT RS A R L
), M TgerRRER, SERBIGERE . 551 RERE
TH R B REAZ K 7 AR RE T VR R BB 21K
Rl 325 1) < T FR) ¥ Ml 25 RV AR vl 3 1o v i T
SEIEN TSI, ERBOS KT BT R AL
BEh], SSITPRRE R

PR

I B2

#hie |

B3 AEiSE—FREWE 2L

Fig.3 Return scheme of first sub-stage of a launch vehicle
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