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Abstract As a key component in liquid rocket engines, the actuator is used to control the working
process, and its stability is directly related to the reliability of the system. In order to study the influence
of actuator-pipeline system parameters on the dynamic characteristics of the engine system, according to
the working principle of the flow regulator and the check valve in the liquid rocket engine system, the
model of the flow regulator-pipeline system and the check valve-pipeline system were built by Modelica
language on the domestic autonomous system simulation software platform MWorks, and the frequency-do-
main and time-domain characteristics were simulated respectively. Considering that MWorks takes time as
the simulation variable, the Laplace operator was set as the global variable in order to calculate the fre-

quency domain characteristics, and the variation curve of frequency domain parameters with frequency
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was obtained through the relationship between the Laplace operator with frequency and the function of fre-

quency varying with simulation time. The results show that the frequency domain model of liquid rocket

engine components can be constructed by the declarative equation with the Laplace operator as the varia-

ble or the frequency domain mathematical model in the form of transfer matrix in MWorks. The system

dynamic characteristics simulation can be completed by building the connect relationship, and the simula-

tion results meet the accuracy requirements. The research results can provide reference for the application

of MWorks in the dynamic characteristics simulation of liquid rocket engine system.
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Fig.1 Schematic diagram of flow regulator
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Tab.1 Main parameters of flow regulator

ZH ACIEN
W E W RAE [,/mm 3
T TR AR [/ mm 32
FHJE ALK 1,/ mm 3
IR O 58 B w/mm 3.2
1 O b/ mm 4.4
IR S,/ mm 0.1
1 KA % «,,,,/mm 4.4
T I 1/ AR A, /mm 940
FHJEfLTE AR A,/ mm’ 2.83
el AR V,/dm? 0. 053
B m/g 18
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TR BH T 2R 5L ¢, 2.772
JEEAE K%K B, 90
SAFRIE R B k/ (KN - m ™) 22.56
HEIE S Fy/N 470
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Fig.2 Schematic diagram of flow regulator-pipeline system
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Fig.3 Schematic diagram of check valve
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.85 ST R B m/ g 37
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Fig.4 Schematic diagram of check valve-pipeline system
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Fig.6 Calculation model of flow regulator-pipeline system
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Fig.10 Parameter variation of check valve-pipeline system
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Fig. 14 Influence of dry friction on check valve

flow-path system

LR LTI , T EESE ) R 16) R R R G AR /NI
RN BA P ST R AR B R, TS
RO B PR AR G A R AR A TR R A
A2 R 2 il R GRS SR PR35 R (R (B
IR AR

3 it

ZRICTE MWorks 2045 4 % F Modelica 155
HEAT T U R AR R G - RS
L IEEIE T TR Y e I AR T I R e R
PRI -4 B R GE 0 B IR 5 FE AR B R, AR i
TR AT LIS R LU 458 .

1) MWorks Ha] LLARFE inner/outer JC 224537 (K
A s BB AR i, I8 I E 3 A % B A
A KRR (AT ] — I 221 3 G A A A Y T SR
[] , DT S5 B0 3R G A Bl R P 1 H 58, HOR A AR T
WTH T, BT 257 Y Modelica #5578 HL AT 458 5 (1% 38
PR THRORT RE W 5 0K, 38 T AR T & s Bl B
SRR

2) AT A A S B AP TR T, i
I A% R B HE AR S AR G R IR RURE R 2 B

PRI B I 1 R A I, 4% B 3 i e A% 1 IR A
DX, T EL WA T 49 0o 3 35 P A 804 4 1)
Ve i st i 7 -5 A R A B ) P A iR v AR, T IR
BN BRAE R S AR B S BNk Sl B HORBCR
ELR AR O RCR B (., DA e 7 & sh L it i
T PP T BRI S 9 A R I A B I B B
PRI HR AT 3 5 TR 3 — B QA 1o 75 2 1] A 3 3 4 i
151 & P SR .

3) B [a] [ AL % AR G AR/ AR E R HA
Ao B JRy B AR T A R AN R R AR AR R o, A
LB T 52 (18 A% 22 A ] 7 v BE 45 3 2 1A e W i
SRR BB . RS A WAIR 5 1L A FR A 2
— BRI I 5 A S 1 R PA, Bt 1) )
i R GEE H T 22 93K, 1 thas B TE By A R
WP R RS AL IR 7 W (B0, i R 5 A IR

S5 3k

(1] EWr a1 e sh S ERTFE )] K4, 2004,
30(3) :19-24.

WANG X. Study on dynamic characteristics of flow regula-
tor[ J ]. Journal of Rocket Propulsion,2004,30(3) ;19-24.

[2] RIVERA R L. Simulation and validation of liquid oxygen
and liquid hydrogen pressurization systems [ D ]. Atlanta;
Georgia Institute of Technology ,2003.

[3] HAYASHI S,HAYASE T,KURAHASHI T. Chaos in a hy-
draulic control valve[ J]. Journal of Fluids and Structures,
1997,11(6) :693-716.

[4] MISRA A S. Acoustic, fluid-structure and decoupled seismic
analysis of piping systems[ M ]. Toronto: University of To-
ronto ,2003.

(5] WM, B, AMESim 44 2 R K i & sl R 52 8)
SUE R LT K EiHERE,2011,37(3) :6-11.

PAN H,ZHANG L H. Application of AMESim in dynamic
characteristic simulation of liquid rocket engine system[ J].
Journal of Rocket Propulsion,2011,37(3) :6-11.

(6] K, £z, %M. 3T AMESim [ 5 i 18 05 Z AT 55 4
FrlJ]. g hlEsoR,2016(2) :72-75.

(7] Al RERE, 2698, T AMESim 194845 & gh AL F) 1k 5
EHAUAL BT [T]. 558 500 Kz Hd R, 2016 (3) .
9-12.



116 ko oHE Ot

2023 410 H

[8] E5LW, 1K TLLL. JeF AMESim - £ 14 &8 K & sh il
RS R EAFE [T ], S S M KIS 4R 2017 (6) -
28-31.
(9] SR, T, 5. WA/ W bt K 7 2 sh AL R AR 15 B 5
P C/ 7/ R 45 = Ll A B SR 0O+ s R
BRI 23 AR DU i 725 R Bl 1Bk 23 B SR - S02 W A4
HERARCHAR. BB - P AT RS =Ll A5 B ,2019.
[10] sk B HE. KT AMESim 9 i 25 5 45 1% 75 B0HS 1 0F
e[ Cl// B R =% A5 B 5 DU 1 Jm R 58
TS BRI 25 K 2l J kG 23 B0 SCHE - S02 WA 4
HERAOCHAR. B RS = %0l A5 B ,2019.

(L1 XU A AR A W, 45 fl 3 58 TR AR K i & sl
RGBS E[T]. BAMIK,2019,25(1) :107-115.

(12] VARG, SRR & S BLAS HE ) 985 )5 28 55 985 i 7
5T [ D] b5t s 8k Ji AR B 7T B ,2021.

(13 ] BRSrF, A LA, T d 58, 20y g — @ sin 5
MODELICA 5 MWORKS Z G g #55[ M ]. 2t 4 h &}
R AL, 2019,

[14] #AE J8 A Modelica i 75 #BEMERFFE[T]. HLIS

H1LF,2005,23(8) :62-65.

[15] JAJUR], SR04 , X gt 4%, 45 Modelica {j5 ELAS Y (1 1]
MEARLCT//hE A S 2 RGN L ZE L2
2009 FGeAh LA AR B 2 AR S UGE SCEE. [S. 1 ]
I R G 7 LA S BLBOR R %l 22 5125 ,2009.

[16] Zeyak, JRBLAR. 3 8 15 25 3h 1A AL Ak 2 A R 5
SIFFERFSE[ C L/ /T ERUR 28 =%l A5 B 56 DU+
Fi AR A 4 R DU Ji 25 K Bl kA 4 UGS SR £ S02
TR R ARG A, R h E AR =2 fF R
%4 ,2019.

(170 XUE XULEZE A i v, A6 30 f 0 28— I 2R e R
Rk R AR E VLT ] HEER AR ,2012,33(4) :631-638.

(18] s, Febe, OO, 45 32 3 A i A B ] i T B 1 £
ARWFFELT]. LR ANER A ,2016(2) :30-33.

(197 X b, X040, didivi , 46 S B R 45 A VR 0 1
PERFSE[T]. kit ,2011,37(3) : 15.
LIU S,LIU H J,XU H H,et al. Research of self-oscillation
characteristics of check valve flow-path system[ J]. Journal

of Rocket Propulsion,2011,37(3) :1-5.



