R AR mOE RN

2021 £ 2 A

¥ R (PED

Journal of Deep Space Exploration

Vol. 8 No. 1
February 2021

gt ) ot L i ol ey EL
B

I kK, Kkxsl, A 4, kK H, BERL, F H, &
bt R TR TR, Akt 100076)

B OE: W mI R R A E B R GR B R R B E . A E RIS EKET R E R, &
B RERD LT AMEAFE, M ARSI, JUFPRSAE. TR A IR T7 A 48 1 M e vt 5 B A 5 B A SR s B i 2
BRI 2GR . SRR SO e IR A BT TR R, TS T AT TS AERE AR R LE TR R LE
ViR, MBCHHHERE . T2MEE. 7 RE R 7wk B LU A Ji 55 5 Thi i 528 205 AT T b . R
MR BT A P S B R PRIES M ER . S5 E T2 RRAL R it N, BE T2 AR i
R SIS A B — A (b B, X CZ-SREFH & K F ARSI T TAE A — B4R S L

KRR EEAMMA K WM [shiih; TEA%R
XHEkFRIRES: A

RESES: 0313; V42l
DOI:10.15982/j.issn.2096-9287.2021.20200018

XEHS: 2096-9287(2021)01-0051-11

SIAN: s, dkzel, Eff, % BEMAIEBCKEMHEREE R BT S T 207 KB []. 2w )

() , 2021, 8 (1): 51-61.

Reference format: WANG C, ZHANG HJ, YAN W, et al. Research on design and process program for grid fin
of reusable rocket[J]. Journal of Deep Space Exploration, 2021, 8 (1): 51-61.

5l

][l

S A S EE AN LA AT, A K EF R B
IR BNE S A i AR R SR A A R
BN EE I M. 201543 F SpaceX A & ) “fi
8957 (Falcon 9) K&i H UMW EI T K& —F KM
AR RO, BI20209 K OB SEILT0 K K i —
TR, UG B R R R B R R 22—
Tt KA IR 8l i 377 75 3 2 “AN iR 1] J5 % [y o =07,
A K 1 7 A AU 2 WL A SR S B K T
PR ], DASE I AKCH NG R o ) S A R A

FERZ S BRI T7 S, MRS 8 B o A
EEEEE A K LY. Falcon 9K #74k[a] B I
BOVY M . L) FE S TGO 47 B K U o Ak A B
) 73 B J5 R TT I BE % 1 Ar] AT LAL A4 S LA ¥ 1
N, FRAESRS) R ERR . AR AT, A
SEPL K FAE RCT & B BRI v . S e LR 2 —
BEIRNASERIM RS, Hrh i) s e
FRE. WRAE AT &8 RAT AR [ 2 AN, e 2 9
RATREMERIPE R, ATRROUMRS 3. an RAE AT IR

Wk F YT 2020-03-17 & H . 2020-06-22

Hfi e AT AR B B R IR, RROMMIME S . uAT
SOTAE, ARSI -

1 Falcon 9K #i I e
Fig. 1  Grid fin of Falcon 9 rocket

HibAs e 2 — M e A BRI b iR 2 34 B T
JIZRGE", M BRI, HAT R AT 70 HEZE K
A sg . SRR KER N BT IS, id)s
AT ULE I T A, FEARRS K BT B sEmT . H 352 AR
K, ML FEAR T8 AR i BRI A v B P9 A DL OR R AR
SE, BEESIREAN, AR D RET AR AR LAY B R R
BRI PR o AR S 72 R TUA AN L A e el A

HEEHH: BEXARRSEIES (11402033, 11602031) ; FEBHIEFEAAFLE TR (2016QNRC001- YESS20160107) 5 1 E R
AIEETIH (2019XKFZ02) ; P EABHHIMEBEEELRINE (2019-293)



52 WA R Ch3E30)

20214F

BB A BT e, R R B SR T )
Fim T RKAR PR, B R — R
TE K H7 PRI AR A AT DU S O SR B kAT AR R
PE, R B Mo VR R FE A 4 R B T S IR
fE, B KB B A FH T 5 0 F s K WP T H
SEMERER R, AMRERAE S ITH B L0
HIELEmE . ELMI .

TEE S KET R B R, WS <30
W RERR T R BHLBHE £ 2) FIRCS (Reaction Control
System) 4t 4h K i 42 A AL 12 ] () s AR r] b F B

AN B A BRI ) 3 T2 5 T A A
MR TH ARG R AT T, VR T MM AE LT BT R
BHEEIRIFER LA AEm, BT oA T s
REFEM A TETE, S T &R TZHTEN
RERG B a0 IS I TG SR T A DG ER L

1 ERSMAREAER

IRERAE R i S HEAT AR RE BRI A 11
[E %K, 2012250404, FRIBR R A% M EAT T K&
H e MR I 7T, ATBIRE R TS XU I 1
AR GERITRIE ST 3 L 2R 505 2 07 TR A e
BRBEAT TR, IR T —EB Oy &t B8t 77
o Forb i — T B H 2 SN KHT R Ak iR
ATEH R R R EIGAE . B, SR — R
Sy B TSR, InSS-205E 3 IR -
777 G50 . FEE 201 20904 AR T 4 HEAT MRS e
IR WA, B EAR M (1 B 2 9 e () “XE 0 2 BE”
MOABJES, & 24 EXETR RIS, BUBG RITREAT
MRS MEE . PR, SRS E KB ITR TR
RIS, BRI IR S, AT T as L.

& 2022905 AT s MRS REROBT 72, I 1k
DIBLFAE T “RAEZ5F” (CZ-2F) #H K1 ki R
g7, EBFRKNEOLH M RE (< 39 km) I,
47 ] AT & FORIAR AE RO i AT 8 R0 5 78, 58
R b AT i ResE M. ARk, AT ERURE L
AR AT B DA — 57 KHT . “RBRRIR” AR K
X 57 K A /N TR [ 3 A A A
FEKET ETHBORAT MR . 20194E, “KAE—5C”
(CZ-2C) KHiFI“KAENYSB” (CZ-4B) Kk f5 44
OIS AE R GE5E B T ¥R X PRI BORIGIE, I8 MRS e
F) 428 1) 4 I OROR I8N 1 v IXTHIRR, s 17 P i oK
HivE X 224, o E AR KRR BEE T 2R

HEAEH KN R B T, R E RS
FMRCS RG] T %, HBCRIEAA Z K m L

AGE LRI CILE2) o AL R KRB IR B
FEUCR K AR R AL, ToVEAE S B NI A2
RUEFF SRR Jy, — RO TSR3 AR 8] ) 4 Sk B
PN IR A B0 e B DL B i BT AU B . RCS R
f il ) B TORS A ,  HLASSE B A B S, (A
/ISR ) 70 TE i AL T M K IR B AR i HL B RE 0 (5
Ko FNRAE, M FEAE s A el 75 g 2 A T
ROCREL L, TR AR R ARG IS e
=2 47 R FH AN A2 SR P KR N 2 A o —
B, #5RIVURAEZEHIARCSESHIR &M, B
B LSS HE AR BLR A [RIB Bz i) J0 R R ok
A, WIHE G MM RENE IR T, (2 AR 4R T
TETOUT BA BRI Bh R .

Bk

% A
200 km  Mach 2 " -
P - IR B
AZE
Bl
100 km gﬁ%g{% ]
’ VAL YN
0 km |/ Mach 0
mE O
@ TN LT i 6 ] FEM A%
R MR RT A LES, AT
I . JUtkm
SR S G

K2 #Zpir
Fig.2 Control methods of reusable rocket
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Research on Design and Process Program for Grid Fin of Reusable Rocket

WANG Chen, ZHANG Hongjian, YAN Wei, ZHANG Xi, SHI Yuhong, GUO Yue, YUAN Han

(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: Grid fin aerodynamic control mechanism is one of the reusable rocket’s key parts. The design and manufacturing of
grid fin is rather complex that coupling multi-specialty and multi-link. Aimed at the requirements of the reusable rocket, key design
parameters of grid fins and their influences are presented combined with the grid fin’s geometric features from the aspects of working
principle, geometric features, section shape, forward and backward sweep, etc.. Considering the thin-wall complex features of lattice
and the requirements of high temperature resistance, several kinds of technological schemes and process program of titanium alloy
forming and composite molding which can be used in the manufacturing of grid rudder are studied. From the aspects of design
difficulty, process difficulty, product qualification rate, product accuracy and cost constrains, a comparative analysis of the process
programs are made. Finally, the principles of grid fin design are proposed, providing a reference for the design of the Long March-
8R (CZ-8R) rocket and other reused rockets.

Keywords: reusable rocket; grid fin; aerodynamic design; process program

Highlights:

e The key parameters of grid fin design and their influences are introduced.

e The comparative analysis of grid fin manufacturing process is made.

e The design principle of grid fin is proposed.
[TiEHRE: ST, RLFR: K



