CE R FACEARFA Vol.7 No.6
2023 4 11 A Astronautical Systems Engineering Technology Nov. 2023

1z NCHT B WA E = B T 5k B 3T
BRE L F R EBE

(1. dEEFEMAETENFT, JLE 1000765
2. FEZBH S HARTFRE. L 100076)

W OE. SR KFHBEANE —FF LG LHIIEH L FTE4 (Thrust Vector Control, TVC)
R ARG AR THE B RE G425 A Fy, A AR AR B R AT S A 69 4 A SR IR AL L
HMIER A By, FRTHES A FEREGAFR, A TER KA S (Proportional Differ-
ential, PD) £# 7k, oW T AR M BEEKX G EXTR-FLR, KL T FRERRXIEBL I
HER, RERAEHNEIRBERABIETHE TAR R B ERE RSO AL, EREAAR
RN R ERREETR AN RE, EETHRRELFIIEN R KBE T TIRIEZ H K
A RAF RS EREA.,

KR XA EHh®KE; BHEN; ELE; BT

FESES: V448 1 XHkFRER: A XEHS: 2096-4080 (2023) 06-0001-11

Attitude Control Trim Strategy Research of Parallel-Connected
Dual Engines for Launch Vehicle

YU Guangxue', LI Dong”, LOU Luliang'

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

Abstract: The parallel-connected dual engines (PCDE) of launch vehicle is a common thrust vector
control (TVC) scheme. The engine and servo can be combined with different control layouts. In
this paper, four typical PCDE control layouts for liquid Launch vehicle are presented. The fault
dynamic modeling and simulation research is carried out based on the proportional differential
(PD) control method. The attitude control trim results are compared under different fault modes,
so as to recommend the preferred control layout. Finally, the control re-allocation technology is
used to verify the effectiveness of the strategy of releasing the rolling channel performance under
thrust-fault. Results show that the typical PCDE control layouts possess different fault-tolerant a-
bility. The attitude control reconfiguration technology guarantees the good performance and stabil-
ity under large thrust-fault for launch vehicle.
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Fig. 1 PCDE thrust vector control layouts
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Fig. 2 Block diagram of launch vehicle attitude control scheme

3 AEMEEFHEHAR

3.1 FHENMEER TR

FEMG, X 4 P RN A SR 18 E 4 & Sh WL T AR
S Al IRBLAE Jie K A A R 7E38 3RKCHT Rl R
25 T SR i R T 05 BRI AE . 4598 A RE
T RACATE . HIEM 200 s FFiR & sh L 11 4
IR FR R, e 1, AR R )
BIL T HE 3 /R 8 % RISk 148 7 56 R 22 Mg
LR 75, TR AE AR A 0 g O 38 3 ¥ T )
ik o, ARl &, ATV, RBhdEE o KK E),
RYGEE RS TN, R 3B MK
WIS KoY, |3 A THERE FRES
Fif 22 5 4% 8 B A R A S R, B P Dfai,
Dpsi. Dgma 43l 27 A 2 285 fA M 25 . IR A 28
a2, W EEMM2E, FY. PH. GD 25l %
AR A A AR L A T S R AL TR B
WA A AR . TR R BRI R, PD
RO T A A e 2. TR AT R M
RKEMEV R TR, TikfaE €T,

AR, EAG R 2 H LR shpL 1T 4 1 T R
TR, e & S T D0 1 R R X

6
shif .
— 4 ] Pl ’/"/l
= ! T - S
f 2
& o
1 e
g g —— Dfai
0= ----Dpsi
----- Dgma
1500250 300 350 400 450
At [al/s
(a) BEfARE
3.0
25 f
2.0 S
Sis %Z:;~ s
& J ———_ =
=10 T S
& e
0.5 et
e ——FY/()
0 ~-—=PH/(°)
_____ GD/(O)
-0.5 T
200 250 300 350 400 450
I} [ /s
(b) BEESRIZR

3 ARI1IRHN UFHENHBETHEHELEFER
Fig. 3 Trim results of thrust II failure for Layout-1
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Fig. 4 Trim results of thrust II failure for Layout-2
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Fig. 5 Trim results of thrust II remaining 5% for Layout-1
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Fig. 6 Trim results of thrust II remaining 5% for Layout-4
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