H39E Helll N & E i Vol. 39, No. 6

2013 £ 12 A JOURNAL OF ROCKET PROPULSION Dec. 2013

(PRI =30 R Sl 2 5 AR et e M Tk

EARE, kM, TEE, YRE
(BEMRHAEZBHEKAALH, BB HZ 710100)

W OE: P TAAGKHLAANRELRPHEERBEA Ry R, W ELER
MENHEHENITEE, BARBIR PSR ETEYE, REREIIRNITERE,
MERTHHAHEEESEEER, FEeLER L, BRINESKAKFEXETHT
AR E-EEERR L, MET RIS RAR-EELNELRS HERBTE, HF
BN EENEHE T E, RERLLAWRIESHE, ARAREBERSRBEEERET
—MFEER, ARBABKFLANRBEARERT .

X@in. FAMM T KBRS R; WA RAE-EHE _

hESES: V432-34  XEARIRE: A XERS: 1672-9374 (2013) 06-0023-06

Nonlinear analysis method for dynamic responding
characteristics of cryogenic pneumatic valve

QIN Yong-tao, SHEN Ji-bin, LI Jian-jun, ZENG Xiao-jun
(Xi'an Aerospace Propulsion Test Technique Institute, Xi'an 710100, China)

Abstract: To shorten the dynamic responding time of cryogenic pneumatic valve, reduce the cal-
culated amount of nonlinear solution for valve dynamic response, and improve the reliability and se-
curity of cryogenic pneumatic valve, a dynamic responding non-linear transferring model of cryogenic
valve were built in accordance with the operating principle of cryogenic pneumatic valve. Afterwards,
based on four-stage Runge-Kutta algorithm, a nonlinear dynamics solution method for the dynamic
recursive Runge-Kutta algorithm was constructed by means of the introduction of variable step length
coefficient and definition oblivion factor. A scheme to improve the response speed is proposed. This
method was demonstrated and validated by a sample. Consequently, this method has offered guidance
for reducing dynamic responding time of cryogenic pneumatic valve, and provided a support for im-
proving the ability to rationally and exactly evaluate the performance of liquid rocket engine.

Keywords: nonlinear analysis method: cryogenic pneumatic valve; dynamic responding;

Runge-Kutta algorithm

l&i‘%é% 2013-07-24; fEEIHHE: 2013-09-11
A ZAkE (1981—), B, WA, PRSEAEER KSR LR









26 Ko#OHE 2013412 A
H, JeAs-PEIS Bl K b 25 .
2 KBRSz E R IELME AR m 5L By =0, b, A (10)

X FEhEW R AR L B, —RARAE B
SLHMSTE R . KR TS AR R R
BIfEER S T AR M HARR, WA KENS
BRERBEWE, EREREUASETIEITER
K. BEARE, WAHEmP KRR,
AW, ATERAE-FER IR B, BT —Fb
BB HER e - R IR R AR R MR A T o

T — P v S — R A3 O RS DR A 4 B
{77tk BT R RS HE,
IR KB, FR1S 1 L W]
REBUIER, BAREMELRE, &5 T
RYEIELR IR, R T 3R - T Bk s
B, URBAOHER, ERTIAT®RERTFS5M
POREHEE

FERB A MREETF, A:

E>E__, A=05
A=[05,1,2 ||E>E, , A=1
E>E,. , A=2
X E hy Wi HRBEREIRE, B =
(2k) -9k, +8k,~ks )h130; Enn 5 E. 35 ARG
BKIRE, A=1 BUNE LKA TR -,

A b, N BTG E K,
WIS IR b, , TR T ShA SR
&

K

Klzf(xk’ yk) 2 )

K2=f(xk+%’ yk+hn

h K h
K3=ﬂxk+7", yk+hn+72) K4=ﬂxk+_2£’ ¥+h K5

(11)

AT - R LB AE S KRS,

HE ALK, B TiREHER, Rt

B ESGREREF, BT EREMNHIEIRE

BN, BOEARE, NME—$R0HER

MIREH R, #—FRER I, UEE
T RR BB NP S TR B RS B

3 HE

EHUERE S A TR RENRES DS
AR, B 13 SIEL Ry
A, JERI DS B 1 AR - s vk W 5 )
IIFR ) FEE R UARAR st . ZRRA
shmEHEIER (KDJ641Y-300P) FESHNE 1
Bt o

£ 1 RBRSEEEIL R (KDI641Y-300P) £ E S ¥

Tab. 1|  Main parameters of high—pressure cryogenic pneumatic stop valve
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Fig. 3 Opening dynamic response of high—pressure

cryogenic pneumatic stop valve
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Fig. 4 Operation gas pressure versus valve plug

displacement
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Fig. 5 Spring stiffness versus valve displacement
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Fig. 6 Medium pressure versus valve plug displacement
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