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Numerical analysis on starting characteristics of attitude

control engine based on orthogonal test design method
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(Science and Technology on Scramjet Laboratory, College of Aerospace Science,
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Abstract: Based on AMESim modular simulation software, a simulation model for the attitude con-
trol engine was established. The effect of propellant viscosity, volume of liquid manifold, combustion time
delay, injection pressure drop and valve interval time on the starting response characteristics of attitude
control engine were analyzed by the orthogonal test design method. The results show that the main influ-
ence factors of the response characteristics are combustion time delay, injection pressure drop and valve
interval time, and the sensitivity of the valve interval time is the highest. The sensitivity of chamber pres-
sure overshoot to the propellant viscosity is the lowest, and the response time is the least sensitive to the
injection pressure drop. The larger combustion time delay, the smaller injection pressure drop and the lar-
ger valve interval, the worse engine response performance. Optimizing the injector atomization perform-
ance to decrease the combustion time delay, and appropriately increasing the injection pressure drop are
helpful to decrease the response time of the attitude control engine. The valve actuation time is as consist-
ent as possible to reduce the response time of starting process.
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Fig. 1 Schematic diagram of attitude control engine
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Fig.2 Simulation model of attitude control engine

2 EXRESH

TETE Z2 N R HHE 2 79) B 000 7 I [ 38 o2
g AR R AR R, L2 R B AN [R] 4 2 77 2 e i
FIZER R X, I A R AR % . SR 2S
PG BRI S S, W8T e e IR o st U %
JEIRGE S T ORISR o e, Ve AR B /o
I E RIS 1) Ar ARV B TERE Ap A
Bem i 7. SFNFEAE N IS

H TR0 AT R0 W s o — B 3 e 9 20% ~
50% , A AR WAL T AR LA I M i s e A28 1k, AT
PRAEFFEE 77 30 2 15 A ¥R PO TR o it 4 2k 51
BABERTHIHL 0.5 ~2 ms BN, W9 B 1R 1] T
3 T3] o e T8 Ry JLZE 0, B T 2 BRI A 51 2
PR AR SRR T 45 AR A5 B, e & g £ 1 I

FAKTPaR 1 iR,
*1 BEZEKEE
Tab.1 Factor level table

S
K ;
M 1y At/ms V /mm Ap/MPa  7./ms
1 0.8 0 11 160 0.2 0.5
2 1.0 2 13 950 0.3 1.0
3 1.2 4 16 740 0.4 1.5
4 1.4 6 19 530 0.5 2.0

WRYEHRE IE ARV N, 57 Ly (45) IEE
AR 16 A ZHE S 4R SR 2 s, K
A,B,C,D,E 55 wny, AL, V,Ap, 7.5 MHE,
1,2,3,4 53 5IFR 500 P 2K o 1 B0 b A5 P i
bR s I o, M R ] 6y, 5 2 i



2019 410 H

42 XoHE Ot
ﬁﬁﬂﬁﬁ‘ﬁ?zi“éﬁﬁiiﬁ% N E AN
R FUIUY KARAT7 5, TR ER6F- Bk x4 B 45
e SuZ iy Eﬂﬁ'aﬁﬂﬁi/\i‘a NSRS
TP bR (P S
*2 AeHEER
Tab.2 Test arrangements and results
w®K A B C D E  0,/% Tyq/ms
1 1 1 1 1 1 2.68 4.61
2 1 2 2 2 2 7.24 6. 15
3 1 3 3 3 3 12.22 8.54
4 1 4 4 4 4 18.13  11.12
5 2 1 2 3 4 14.16 5.40
6 2 2 1 4 3 10.22 6.38
7 2 3 4 1 2 9.89 8.28
8 2 4 3 2 1 5.36 9.91
9 3 1 3 4 2 4.13 4.94
10 3 2 4 3 1 2.87 6.13
11 3 3 1 2 4 22.82 8.90
12 3 4 2 1 3 16.96  10.60
13 4 1 4 2 3 9.21 5.24
14 4 2 3 1 4 24.19 6.92
15 4 3 2 4 1 3.28 7.71
16 4 4 1 3 2 7.84 10.11

28 e 9 D JOE S [ B A 22 0 AT a3 i
N,k (G=1,2,3,4) FORENR «; 197 A n
YRR i 15 AR AP S (EL o R SR i B A 22

K3 Fros, B3R 5 AR PSR B i A2 AL i e an 5] 4
7R o AT, S0 R 2R 6 32 O 735310 A -
o,:E>B>D>A>C
leg:B>E>A>C>D
5T o, PATAE N BB D ALCy X T 1 1
KFHE K B EA,C,D,

20
b\Q
st
e
=
= ot
9
]ﬁ
W S|
07 B C D B
S
o W) o,

M 17 B[] 1% 22/ms

C
(b) o,
B3 e FEiEiRRE E

Fig. 3 Range chart of response characteristics index
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Fig. 4 Trend diagram of response characteristics index
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