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Pressure control characteristics of switch-type storage and

supply system regulated by Bang-Bang valve

GU Dalu, ZENG Weiliang, LEI Xiaofei, JIN Hongrui
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract In view of the technical difficulties of a radio-frequency ion electric propulsion xenon gas stor-
age and supply system with long-term in-orbit and high precision decompression, a switch-type storage
and supply system based on dual frictionless solenoid valve with Bang-Bang control is proposed. A pneu-
matic-control-electromagnetic-mechanical dynamic mathematical model of the decompression module is
established, and a simulation model of working characteristics for the switch-type storage and supply sys-
tem were established based on the AMESim platform is built. The variation of output pressure in the buffer
tank with time for the decompression module of the storage and supply system is simulated. The effects of
inlet pressure, buffer tank volume and intermediate chamber volume on pressure control characteristics
are analyzed. The results show that the Bang-Bang valve can supply only a small amount of gas to the

buffer tank during a decompression period by means of specific distributed switch control mode, which
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ensures that the output pressure of buffer tank can be continuously stable within the lower and upper limit

of the set pressure, and achieves the long-term and high-precision decompression requirements of xenon

gas from 550 kPa to 60 kPa. The inlet pressure has a great influence on the pressure control performance

of decompression module. The higher the inlet pressure is, the lower the pressure control precision of stor-

age and supply system is. The simulation results of decompression module of storage and supply system are

in good agreement with the experimental results, which verifies the correctness of the simulation model

and results.
Key words

control characteristic; decompression period

0 5|5

RGN e UE R G G T R 4,
PRI AR T BRI AT | T 7 2 3 R 2 9 1Y 2
AE, B R AERS Sy i 4 2E 28 S 4R IR S AR i T
PRI o BB R AR AR IRT AL 5
U R GE I 2R G A S I 1T B9 B 1 A i
PARCREE )R M (S R T S T
(YBER  BEGA S - v Hfi I R S B R S
o AR UM 550 kPa 31 60 kPa (1% 9 s MIAR He 34 1Y,
H R TAERH AT 4 000 h, 39 75 200 B &
At TARPERERS 2 RO AER . H AT SR AL
AR A 2R G R P Dol s 1 A DA 9 I oo 1, | T
A BE T 1o Y 5 U 4 R B T T, WO A
R4 2 o 7 R 9% ARG (R 2 ) R
T JSESA ) HE A0 B D A3 2R G U8 R T 4 i
JRE B v ) A9 AR Ry sl e ST, AEL ik T LU A7) R A7 A
B DR AR AR A ) A T X L 9 R Rk 2R K
R TR ELRT . ML Z R, P e BI fi R
GiK ] Bang-Bang [1) 22 vhife A2 il 45 44 A PAT 3 4
o] oo g [ A DAl e TP, 388 e 45 A 45 46 A 9 20 A
HF A5 i 75 Xl Bang-Bang IR Il et T I A 22
Wb, 5 BT Y 7 R B U AR PR T A L TR
i}, Bang-Bang [ &85 R H] 1 58 11 5 7 F08: 7 1 4k
R g7 i A M BB ey Bu e ST R N o
SRR, ALK T R R B S A A i R T IR
G b LR IR U TR B I T i e R T SRR Y

H1 T2 T Bang-Bang [ AT SR R 48
HATPERRS B TAR R I B R PR 45 A T

switch-type storage and supply system; decompression module; Bang-Bang valve; pressure

SRR AN, T A A T R G R R A o 4
HEE T Rz " FEES —SFEM T
UL 22 48 R T RSUH R 1) TS i 2% o 2H
[y Bang-Bang 5 il W FE #5 He, 52 B T 0.275 ~
0. 68 MPaftfit [k Jy4a il . [ SI9A TR %
FINERME AR T I LA ANt R 8, il i
Bang-Bang [ 1 T Vi 2% v il 4L [5] SC 3 T AR R )
P

FERRII Mt 2R 45 78 TAE o 72 v b S il LI
& HLRE MUIAREE Z ARSIk, Sl T e o b T A At
RGE I AR B A TAE 2, 980 100 A Fl 46
Ja A T, T A R g R AT AR S A B4y
Bt SCHRL UL RIFSE 7 OF 6 B4 R G5 78 1E % T
VERUIT s &0 T 22 oh i dan 10 & 07 W 22 AR 1% O, I8
o AR FE R i S 1) R 9 A AR R ] 448 i) it
Y511, SCHR[ 14 1% SMART-1 fjii K45 i fit R 48
JETV8 95 2 B AT T 5 B 43 M, 43 2] T Bang-Bang
6] P T ARG B R 5 I 22 b i i o R g B (1) 7 A
FIEL . SORBCE S T m R SR B E R4t
iy Bang-Bang ¥ il #5 A, 3 1o 5 5 56 %) LU 56 IE T A
FRUBE (5 B E AR A s A AR ST TG
U3t R G () HABL R g S ab b, SR T AOME T
FEL ) 3 725 | % ol I 75 B A5 X R 4 R R R 1 R
w7 R T AR ARG R R T AE S RO T e
P43t 2R 40 e 7 4 il e i S i), AR SCHE B R ISR 1Y
SR T T AR 2R A R B B ) e ) 4 o R
P B AT A IS 3 IE T A, 3 M FF SR i R 58 T
VEJREE ) £ B E1 S A IE T 4% 2 5500 ek He A5 e 8 1
PEREFZ A, [RIB 204 17 088 5 0 45 R 2 (8] (iR
ZERUR, PTG TAEMERE , /D> R G PR B,
F8 T A A A RS0 =k B R 1 T 2k



76 KOHE M P 2023 44 A

FH5 (0 AL SR AT 9 T8 B R 3%
1 MERFZBEERTIERE

L T B AR U I R S iR B IA
ARG UM RO G EE S R |
[ S e il o | e g A s R I e AR
. HAp OB R G o HP 8] | D0 45 Fi TR
b AR R R A% 09 1 TR A4 )i Bang-Bang [

HF WPt R G I 2 PR i A, R R
S A 1 S B — YRl R T B
550 kPa; 2R )5 Hi Bang-Bang [ | 2% ift fE Al [T ) 4% Jg&
o A G PR) PA B D T A5 R 52 B R e, 5 550 kPa
IR RE 2= NI AR TR 19 60 kPa fI, IR UE
IR T RFEAR E i 5 foe A IR I i 22
A3 i R R R i 6 1) U A S B A ARG 1 9
TR

Bang-Bangl{ 40 1 e 1 g 2
ST NN I i
Gl Jj_‘i/:‘\}ﬂgl: /)‘ACJTHH 550 kPa Eﬁ,mﬁﬂd qjllﬂ% Eﬁ,%ﬁﬂh»gﬁﬂliﬁg 60 de
A e R
L I\ /I R
—o— (5% o fEild o e R

E1 FREMERZGREE
Fig.1 Schematic diagram of switch-type storage and supply system

FEFEAT R 2 B2 o, i Bang-Bang 41
TRV I A 8 P ) A U A TR T 1 3R 5 S 9
R K AT A L DR R R R TR R G A 4
Ao A A% 230 BE (60 +2 %) kPa | R 4>
FE I BRAE , 75 22 vl J 1 8 Fe ) A% Jae e LA s
Hofan b g o A e e T AR O
B, D009 H A RS AT A 5 o i o e 0 A1 T 4 7
FRUE (A T PR, 4 i 4% & 48 4 fif Bang-Bang [
PFH R IE 2 BT R (9 43 A FF G il i AR AR, B
(NI

1) 7€ o, N, JCEEHE ML 4 & a 38 FL , Bang-Bang [
ALFFIR U R 5 550 kPa /< il ) s 36 <o

2)1E 1, N, TCEEHE LG IR a T HA , Bang-Bang [
A G i —/ NSRS R A A T Rl

3)TE 1N, JCEEE FL 41 b i FE , Bang-Bang [
W TR st e i i 5 % oo ) A S . PR
T ) SRR /N TG i o) PN B /NS A3 iR
SIAGEPREIT R AENEAK , A U ) A

4) 283t oy )5, TTEEBEHL G b Wi, Bang-Bang
i 0 DG HT, 2t — AR R T(T =1, +1, +15)
453, Bang-Bang & 41 {1 56 8 — WU TAE, 2R
HEATR — 90 He ) e T 2% b e A o R T R A
TR BOE T BR

ﬁmu%@@ﬂﬁééﬁﬂaiﬂ’ﬁﬂiﬁ

0L . T
o @ T T
i T
Varysa tl_’ ‘T - ._

AT i g

Q0T T &

i | JCEE AL TCEE | g bl

E L |
R a kb

,,,,,,,,,,,,,,,,,,,,

Bang-Bangﬁi—?‘J 24

B2 SaAXEHRE
Fig.2 Control flow of distributed switch

H LG AT L, 9 A R ) Bang-Bang 42 il [1] % 55
bR b —Ahid a5 S kR E S A8
7 LT WG EE L G 1R Bang-Bang F4 i (11
HERGEAR Ry G I R e, MR 48 I 4L 3R 42 % i
ST Y H g 43 KR, F) ] 98 A e b Bang-
Bang [ 2H {445 5 (14 3 A T 2 s VE I =X, ol v ] Jfs 4
R 1) 5 W EA D FE AR /D i 1 RO R AR R IR DU
PRUIEZE v it i 3 R ) R SRR TE R Tl 4 08 1
TBRYE AN, i TS T 550 kPa ) 60 kPa
(1% o A U N AR M



H49 & 2 1)

2 BEERREFEE

2.1 Bang-Bang 3= 4|1& 5

Bang-Bang Ji il 2 5 0 455 1l v U %) — B4 ol
Jrids, HHASEAR R R b A B B A A 2 il
DX 35k, 4 i) e AN 7 X R 22 ] I ) 48, A 4%
2 1 0 (R RE A% DL — a8 R R AR R BE B R BR
RN TR SRt 2R 5 08 R AR B (Y Bang-
Bang 45 [0l 2% 41 (&1 3 7w o

LY
5
2

[
6J
AT Jo £ B
U, IF JF % U,

AR 0
| JCPERE IR JCEEHE | o2 phi
STy T e L
Sk
Bang-Bangl® 411

3 Bang-Bang 1% il [B] &
Fig.3 Bang-Bang control loop

PERTE A

U. =

]

U Pjgpmin
{ (1)

0 P, > P,
Ao U Y 214 6l a8 6 e R A5 5 U il
VLV L 5 P,y 4 B 220 R ) A IR e R AR 15 55
P P 53 SR B8 1 U L BR AR R
2.2 FRRIEEY

TETF I 2R G5 v, 24 0 G B 45 v o 1 22 1B
TN B R TR A, JH R O K A e 9 i T
-5 7 F sk A8 0T |

_gp W pde
U=IR +' [ = IR + W (2)

o T LR LI RO 4 B [l g S B s o 2R
RELGL Y G e 5 W o R P L5 o oAy G IS 110 G 3 o
¢ Ay 3E FLRR ]

HRAIE fi I 11 3 R 2 O o B, nT AR B 0 B 7
gt

IW = R = ¢(R, + R, +R,) (3)

A RO TAESBRBERE s R AE TAE B RERH; R,
G R RERH.

¥X(2) 5K (3) By, fRm o 2 s B o A

JBUAR it , 45 : Bang-Bang [ 115 5T SR A 2 45 Je g 42 il e e 77
AR R A LRGN g B
_ ¢
Fd - 2/.LOSq (4>

R g WEABS R S, AL B L
2.3 SEBEKR

HY TP OCHUIY it R GE 0 AR IR R YU L Ry 293 ~
320 K, HEPr R G0 — A B In Ao I F25  LL
TR RGEIR B E E , By 1 U7 AR R v & AR AH
BRI S BRAR AR AR B, I 1 R ST
R B 6 DA (JCEE SR HL LI a 1) 42 1 fis 0
TG P A JCEE SR AL A ) b 104 i R £ B8
Lo ohvef ) , v JEE 458 v 1 1l A 4 1l s D 6 3
JYs e 3k WSS b ) FL IR 0 S L 6% ) Bt e AR 4R o
TSP IE A RE 2 <1 fH 7T A5 3] &4 25 s 3 UR AR 1R Y
Wy I RE R

dm,
i - 3

(5, =T+ () -

dt o/, di
dm, dm,

2 T/hi - hz ditl + d(Q
VBRI, p AR s p WA N AR
J1sm RS NIRRT S 5 m A A B T 2 11 A
Al (=1 RRWA,i =0 KRGl sh WA
PRRES s h, R I A B H 25 I 1Y S8 5 Q W
S AN R R
2.4 FimFLER

TEOCHUI AR 2 G0 pal R AR e rh £ 25 i A 1
S A 22 1) (0 A 3 T8 X 4% AL AR 3, H R
B W)

P

(6)

N pln
m = AC.C, Jy —2 (7)
! J/RT,,
2 YL
ST )
c - y-1p, Pup Puy ”(8>
Ll
2 yil p(ﬂ
5 +1) b =P
’y+ pup
i 2
2\
= 9
re = (4) (9)

A m IR AL I R AT A R
LR C, AL C, W ES G v N
AR 5 po, A py, 20009 T AL R IR IR R



78 ko Fi

=

JE75 ROWSAHE R T, 7 AL b i
Po FIRRIGS ST E
2.5 @WBEHRE

4 Oy JCEE S B G IR Al R R TR H TR Y
PR RIS 218 K i e S5 A i 5 LA I A
2 HL A IR AT E , DI $85% F 1 1R ) PR 2L 1R D T 3%
P R A R R A BT, 38 AR B SR A
WIS [ Fry e i e BB A — i, 3 () D 1 e e 1L
W I s S Bk R B TR SO, A AUl e T
W55 R A 2 i) 4 2 sl s A, S B T Az s Y
ToREHE T 10

(BEEN

B4 TEEBHERREERSEHTEER
Fig.4 Schematic diagram of frictionless solenoid

valve and flexible reed structure

AR A U5 i, I 4 P O R TR 132 B

HE 2023 4E 4 A
TR

dx F -F —-F 10

mv? - d = n q - mvg ( )

F, = K(xy +x) (11)

F, = (py —pa)S, (12)

A m, WIS TUR; F, R J15 F, RSERF

5775 x NIRSALHE ;s ¢ B ITIHEEL 5 2, A5 4]
RIS AL s K MR W ; p,, A LR IR ol s T
I35 po NARERI GBI ) s S, AR,

3 MEERKESH

3.1 ENEFIEES R

K AMESim 5 37 FF A0 41 22 52 1) 1
BRGNS s, 4% BRI R Gt 2800
BT, X B HE AT SRR s . TEDT BT R
I, BRSO ME A It R 48 N R ) 38308
LA AR Wl e 1R 15 Oy e KOO BERA, O 45
ERR L  C AR S 5 Bang-Bang A F K ) i B
550 kPa, J JE BN E RN 1.5 s(t, =¢, =t; =
0.5 ), A AR E A 0. 25 mL, 2% ihif 75 Bk
B 0.09 L, 4560 8% ke i T R E N
(60 £2%) kPa; R4 TAEN ]S Hy 300 s, fij HA
KEEHR0.01 s,

@ Bang-Bang/
o 3 5
~
L)
G @ =
e R U Rk 1 i~
6 B P L 1

5 FREMHRFEHEERDR

Fig.5 Simulation model of switch-type storage and supply system

[ 6 Sy A5k Bang-Bang [ i [ A5 55 5 2%
iy s 7 BB (] AR AR DL . AAIET 6 Fhal LI

RIS AR R A R vh, — O T, 2 R
I PAEAE R G BE A BN ER P, P, Z 8] A A



H49 & 2 1)

JBUAC B, 25 : Bang-Bang {83 1 BT 5C R B R G0 1y 2 i 4k 79

AR/ E e 2y, PRUEIE {1 2 G2 RE RS 35 2 A58 T4
I3 — 77 T, P A5 1 B 1A s ] 300 % XU g 45
FEL TG 1 52 B H 1Y P s DK o 75, Bang-Bang i) $ 1
P K i A 5 1) I 220 5 2 e A 1 T ) ) B 1
Bl——XF L

— W It SRS
N i i
30¢ — A RRP,, 764
= ol — IEDBGEM IR, J63 £
5 — B whlEdR 1 R 1P, =
1228' 62ii
].;Tﬁa ) N6l =
E &
g 26 60 %i
24 8

) ) A ) ) ) 5
230 240 250 260 270 280 290 300
1A /s

E 6 BEESS5E P IE R B 2%
Fig.6 Variation of voltage signal and output pressure

in buffer tank with time

e LR RS2, IR AR AE AT T g 43 ) Ay it
e d: —E g EB S, M 2.1 75 Bang-Bang
Pl A b Al LUF H, Bang-Bang (8§ J1 56 A 2 1L
B A A L TRAR S #0RT UA S BR A5, B
Bang-Bang &4 UCH R (1 By H AR 5 HB 25 — A 58
SR E R (h U 28K 0 alih 0 %7158 U) L,
2% R ) ) TR ) 23 e — S AR R VA R T R
Bt R F1 R (60 £2.2 %) kPa, 1 IE 32 il #% 1915 22 {H
EER(60£2%) kPa, Y RGETAEMETSH A A
AR, G2 i Hh T g B0 R R 2 R A A I
AR RORAE 3. 2 AR EE TR
3.2 EhEHSFERmERS R
3.2.1 NHEA

7 J3AN[F) Bang-Bang [ A 1 1% 77 2 v e i
Hh RS Bt ) /Y A2 AR XS LE R AL, LT rhe] L
H BEE A B O, It 28 G0 0 AR B 4
JIHE RS BB R AR o e A AT, B AR
JIHYEE R, Bang-Bang 8 H A 111 i Y JR 22 19 K, o
[P J X 1) 22 e e 78 ) SO T 0 AR B R, 7 A
(7 F 1] PAY I A 2 o E ) AR B 0 22, G2 o E PN s
T A, T Bz vl R T R O
IR, AF RISl J] 15 Sy A ] [ B 8 A, 80 5 R5 2 A2 AR

gL, b TR E AR R g B AT R 98 A
J& , Bang-Bang & A [ IR EE K
651 ——550kPa
< 64F e 650 kPa
= 750 kPa
N B h Y
62+
H |
& 6lp
"g%i 60 P
B 59t : I _
58 1 1 1 1 1
200 220 240 260 280 300
Fif [8]/s

7 AEANAEATE SR HENDTHITEE
Fig.7 Comparison of output pressure variation in

buffer tank under different inlet pressure

3.2.2 JEEAAR

[l 8 SRy AN ] v i) s 25 BT 22 i+ e g Bt s
[ AR fE X HeAE B . MU 8 Hha] LA MY, Bifi 5 H (]
J 2SRRIk 2R 0 ol R A R 1) e 4 A
BWTEAG  38 A 43 B AT 0, B ) R A AR 1
K, — 8 AR A P Bang-Bang & () 22 i i b
FERY AU Y K, 1 2% v i s g 1R U £ 4
KRR IS U e S B g e ] ] i 14 K, S B0 RS

MK, gF LT, A TR R g B R 8 A
RSB A AN BT R
641

£ 63+

=

Q 62

Felt |

& :

& 60R\|

5 3

® 59

58
200 220 240 260 280 300
i a)/s

B8 AEPEREIRTENERHHENTLIE
Fig.8 Comparison of output pressure variation in buffer

tank under different intermediate chamber volume

3.2.3 B AR

FE1 O o AR IR il 25 U 2 et i
P67 L HERE L . WL O sl LR i, B ol
Bl B UK I 5 5 PR 0 T ) s



80 ko oHE Ot

2023 44 A

AR PEAR /N o 308 543 B AT R, R0 % e S ARG
Bang-Bang [& i) TAEAR S M /N, 80— D%
JEHHN Bang-Bang 1 [ 2% il iz 1% A4 0 E AL
WRBEAR /DN, 8 o B 5 113 e g 1% 8 9] A8 Ak i R AR
ZIN  RORF I el s J] 39 s ] ] s 7R g 3080 190G B A
AN 5

63

2% whE i H TR J1/kPa
[*)) (=) o))
(=) . —_ 8]

91
O

58 !
200 220 240 260 280 300
s [h)/s
B9 AREEZHERRTER#ERLEHNTUITLE
Fig.9 Comparison of output pressure variation in buffer

tank under different buffer tank volume

4 RXIEHR

R T BRAIEEE T AMESim 344 i 0 1 OCHIIE 44t
ZG 05 EAR A IE R E , TR T &S50 R S8
HlRE I 5

110 Sy e BUI fit 22 G i i L AT e 2R
Gt FEH i AU 980T 1] | Bang-Bang BRIAE L 22
PRRE PR A A EAHLE A .
FEA R RGP — 2 R ) AR O i 1 AR, &
1 iR — YR 08 R )5 i A\ Bang-Bang &) A 05 _EAv AL
B S AT ) 5 A G T S 8, B IRAR
JEHL IR 45 Bang-Bang {838 W, , 4 42 IR 35 79 80
JEJEL S0 10 2 R A5 1 T AR B AR R 3% 4 L s
FEZS 38 DI SCRUIE it R 48 (0 SE B T AR A,
LS FEAN T DN LS Pl O S DA IR AU
JEJ7 HHE N SR MG A Y5 R BRI B 25
2 WAL 1Y) R T A A R 1 0 TR AR S SR i I
BB EAIAL A 38 5 s g T 2 % b e A
JEJTBER R A th 2. A alge i R v, U i
FEE TR 550 kPa, G O Bkl E Ry
(60 £2%) kPa,JgEFMEN 1.5 s(1, =t, =t =
0.5s),

1 - @ JRU52 — I8 53 — Bang-Bang FIREAL ;4 — 22 il 5
5 - W6 - W7 - FFOE8 - ML ;9 - RN
10,11 = JE I fRIRER 512 — ML 13 - FH2SHE 14 - KA R
10 et R 4k 00 Se I R IR
Fig.10 Experimental schematic diagram of

storage and supply system

P11 Sy 2 il 3 s g BB )28 AR )i 5
DrERZRS UG B0, AR 1T He DU Y, G2 i g
T 805 LN 2R 5 S PR AR A il 2w 5 BE AL, AR
AL

631 —
e — R 2
Z 62 } | |
R \ i H 4 3
= 61 A
ERESAS 3
& 60R Y \ | :
5 |
i :
W Sor

58
200 220 240 260 280 300
Hof 1) /s

11 BwHEANEESIKELERITLE
Fig.11 Comparison between simulation and

experimental results of output pressure

%1 IR G RO LA R S 1R
SERXFHONG O o F Xk FUAR 0l T, R 08 e s ) S
T[] i 1) 5 L85 2R 5 S 5 R AR A 1R 25 5. 1%,
2% vhE Y 45 e s 0 M e I 7 5 S A AR
TR2E5 00 0. 17 %A1 1. 29 %, iREG4E RIGIE T I 4it
F G HAR 5 05 AR 1 IE A o

FR1 ENEHHFEFEERMAWE R
Tab.1 Comparison between simulation and experimental

results of pressure regulation characteristics

WiH /UZEHH)HJFﬂJ A1y SR 5

I [ [ /s JE#1/kPa JE71/kPa
Rk 13.70 58. 60 62.20
1 E.2% 13. 00 58.70 61.40
AR R 2/ % 5.10 0.17 1.29




H49 & 2 1)

JBUAC B, 25 : Bang-Bang {83 1 BT 5C R B R G0 1y 2 i 4k 81

TFOR TN A4 28 ¢ e g 4 i e P 245 2R 5 4
HLAG R Z 18] (R 22 E 2R T LA R 7 I

1) {5 FAR A Bang-Bang [ (2% e | 5 9 a4 45
FREE O —RE AR B b A AU Y P R BB R4
FRGE BB AL AR 3 R A5 S8 5
PR AT E—E 22 5%

2) SR ARG g 0 EORG JEE 52 1) 1T ) A s
LRI S Bang-Bang $4¢ il i 55 I 1 K5 1 1) 25 5 52
Wi, BT FLASE R S PR 45 2R Z A —
25t

5 #it

AT F T WG EE $ FL R ) Bang-Bang %
il (R T S AU 36 28 58 i 4 B0Rn TAE R B, 57 T &
S5 BR AR RN ELREAL, S0 BT TSI R 4
FiEEw R R R AR T 458

1) 38 o 4 1 25 4 2 10 43 A Ol Oy =X il
Bang-Bang {21 {4 76—~ 1 J&] 191 9 1) % o b
Fet D E AR BUIE T $i ) RS R ek AR R ik
FERE D] B R BRI R, Ao T IR R XA T
JE M\ 550 kPa %] 60 kPa [14)5 B 8] | 754 FE ol T xfl A

2) /N Bang-Bang {17 H 3 Al 1] s 25 FELUJ:
PRI R G0 R ) RS B A ROR AR T AR 2
PRE SRR T 45 DRG BE R 5 i 8 /N

3) P HE 2R ge e ) R R LA R S5 4
TR — SRR AT, 27 vh S A v T ) 5 SR )
FIAERTRZE R 1. 29 %, RIGEE R EE T 0 HALA 5
D5 L8 S ) IE i M, DL RS T XU R 48 R 1
Bang-Bang 5 il (1) JF S R 44k R 45 05 R 1A 30k o

% 3k

(U] B, Yo, BAE T, 5. T i) 2 (] oL 4fE g 45 B9 Ut
MAGRELER SRR [T ] T~ 4, 2020,41(3)
251-261.

(2] WA3E, 5K KF- M 4, 5. ri Al ) 2 A L 919 42 1)
FARRBE[I]. B2 51K ,2017,23(1) :13-19.

(31 WRME, PECIR, 0 0, 45 A2 K e &R G0 b i i
wHlEs LT ]. TiaEAf k,2010,41(S3) .385-387.

[4] COREY R L,PIDGEON D J. Electric propulsion at space
systems/loral [ C]//31st International Electric Propulsion
Conference. Ann Arbor, MI; University of Michigan,2009.

[5] VAN DER LIST M, VAN PUT P,YUCE V et al. Next gen-
eration electrical propulsion feed systems and spin-off mi-
cro-propulsion components[ C]//42nd AIAA/ASME/SAE/
ASEE Joint Propulsion Conference and Exhibit. Reston, Vi-
rigina: AIAA ,2006.

[6] FISHER J, WILSON A, KING D, et al. The development

and qualification of a 4.5 kW Hall thruster propulsion sys-

tem for GEO satellite applications[ C]//27th International

Electric Propulsion Conference. Pasadena, USA ;[ s. n. ],2001.

BARBARITS J. Xenon feed system development[ C]//39th

ATAA/ASME/SAE/ASEE Joint Propulsion Conference and

Exhibit. Reston, Virigina: AIAA ;2003.

DANKANICH J, CARDIN J,DIEN A, et al. Advanced xenon

[7

[—

(8

(-

feed system (AXFS) development and hot-fire texting[ C]//
45th AIAA/ASME/SAE/ASEE Joint Propulsion Conference
and Exhibit. Reston, Virigina: AIAA ,2009.

[9] AADLAND R, WILSON F,SCHWAB R, et al. Xenon pro-
pellant management system for 40 cm next generation ion
thruster[ C]//39th ATAA/ASME/SAE/ASEE Joint Propul-
sion Conference and Exhibit. Reston, Virigina: ATAA ,2003.

[10] VEJEAR, ZE 0, B, 2. s A He 9] e 81 A AR A e
HEZR GE i i e MO AT ST [T ] 4R, 2019,
40(12) :2867-2873.

[11] GANAPATHI G,ENGELBRECHT C. Post-launch perform-
ance characterization of the xenon feed system on deep
space one[ C]//35th Joint Propulsion Conference and Ex-
hibit. Reston, Virigina: ATAA ,1999.

[12] FRREE, e/, BRI, 45 SJOA TLR R /R ik ik R 48
TR FRATIREE L] C /72014 W I 7 SR HAR
R BRI b E L TR 25,2014.

[13] oo, s, A, 55, R U sh Kk sl sh

WRRGFEMTELT]. KEEE,2019,45(5) :17-24.
PU G R,SHAN L,ZHAO X H,et al. Simulation study on
start-up processes of a multi-startup turbopump-fed rocket
engine[ J]. Journal of Rocket Propulsion,2019,45(5) :
17-24.

[14] KOPPEL C, MARCHANDISE F, ESTUBLIER D. Robust
pressure regulation system for the SMART-1 electric pro-
pulsion sub-system [ C ]//40th ATAA/ASME/SAE/ASEE
Joint Propulsion Conference and Exhibit. Reston, Virigina ;
ATAA ,2004.

[15] BOLEL, EEM, XI5, 5. m R s R RUIRE RSEH)
Bang-Bang 4 IfF5E[ J]. Wi 5780,2004(5) :3840.

[16] BOLE, R, RMK. @& R0 A BT R S0



82 ko Fi

flE 2023 4F4 A

HILT]. WEE5S5),2003(8) :14-16.

[17] G52, WA, R 22 50 5 00 15 SR e i 2SR 43
Brid]. 23 sl AR 50,2008 ,34(5) :49-52.

[18] M. BT Bang-Bang 5 PID 451 (1) 85 #1754 ABS fj;
HAFR ST D] AR AR EYEE R, 2014.

[19] Z=BA5R. 4 i Bang-Bang 2 i 5 % MLAAS ) B4 72 T 00 4%
il s LR b e B B R A 1 [ D] b5 b A
K (dEaD) L2016.

[20] T3t REF AR LTI IERE [ M ABITAR. JboT: =B T
b H R, 1989.

[21] mybug, sk PR, PhE 4. FET AMESim () 21 3h 2 B i
ah AT EMFE[T]. KA ,2011,37(5) :30-35.

YUAN H B,ZHANG M Q,SUN Y T. AMESim-based sim-
ulation analysis of dynamic characteristics of direct-acting
solenoid valve [ J]. Journal of Rocket Propulsion, 2011,
37(5) :30-35.

WE, UM R, R, 45, BT AMESIm 15 % R
AR RER S SRR Oy FLLT ] KO HEE,2017,43 (4)
4145.

XU D W,YOU Y R, YUAN H B, et al. AMESim-based

(22]

simulation analysis on dynamic characteristics of pilot-op-
erated diaphragm solenoid valve [ J ]. Journal of Rocket

Propulsion,2017,43(4) .41-45.

R e e e ) e e e e e e e e == U= U=

(E#ESE 65 I)

[14] 505, WA KT R SPLEAS 05 B BT[] ik
A ,1987,8(3) :4146.

(IS ] akez Al , W STt AT RS, S5, A V% 204 g 3 1 15 A5
BAEBANT]. i 3 174k ,2006,21(5) :930-936.

[16] RUTH E,AHN H,BAKER R,et al. Advanced liquid rock-
et engine transient model[ R]. ATAA 90-2299.

[17] JUNG T. Static characteristics of a flow regulator for a lig-

uid rocket engine[ J]. Journal of Spacecraft and Rockets,

2011,48(3) .541-544.

GRISSON W M. Liquid film cooling in rocket engines| R ].

AEDC-TR-91-1.

MRS RN L2, AMAIEER A ShLAE g 35 1 e e 8

T EAFIEL )] . KRR, 2014 ,40(1) 11824

CHEN H Y, LIU H J. Modeling and simulations on the

[19]

thrust regulation process of staged combustion cycle rocket

engine[ J ]. Journal of Rocket Propulsion,2014,40 (1)

18-24.
[20] 5K/NF- AMATEER A ShHLIRE S AT ST [T ] Jeafi et
2008,34(4) :1-5.
ZHANG X. Investigation on the thrust regulation of staged
combustion cycle engine [ J]. Journal of Rocket Propul-
sion, 2008 ,34(4) . 1-5.
[21] RAMESH D, AMINPOOR M. Nonlinear, dynamic simula-
tion of an open cycle liquid rocket engine [ C]//43rd
ATAA/ASME/SAE/ASEE Joint Propulsion Conference and
Exhibit. Reston, Virigina: AIAA ,2007.
[22] SANTANA A,BARBOSA F,NIWA M, et al. Modeling and
robust analysis of a liquid rocket engine [ EB/OL]. ht-
tps://www. semanticscholar. org/paper/Modeling-and-Ro-

bust-Analysis-of-a-Liquid-Rocket-Santana-Barbosa/486{f9
b7a27afc0418bb8af82e44cd1119819085 ,2000.



