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Optimization Design of Constant Pressure Valve Parameters of Aeroengine Fuel System
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Abstract: The constant pressure valve supplies fuel to several servo mechanisms in the fuel system. Aiming at its design require-
ments of stability, steady—state accuracy, robustness, and the competing and contradictory selection of multiple design parameters, a
parameter design method based on optimization algorithms was proposed. The mathematical model of the constant pressure valve was
established, and parameter design analysis was conducted based on the steady—state model. The results show that there is a steady flow
operating range in the constant pressure valve, within this range, as the cross—sectional area of the spool increases, the flow rate sensitivity
increases, but excessive cross—sectional area of the spool will increase the volume of the constant pressure valve. The steady-state
parameters were calculated based on the pressure range of the constant pressure valve. With the adjusting time and overshoot as the goal,
three groups of different constant—pressure chamber volumes were taken for conducting dynamic optimization based on the non—dominated
sorting genetic algorithm (NSGA—II ) with the spring chamber volume, the diameter of damping aperture, the motion damping, and the spool
mass as parameters. The Pareto solution set indicates that the adjusting time and the overshoot amount are contradictory. A set of solutions
was selected and verified by the AMESim simulation. The optimized structural parameters can shorten the adjusting time by more than
20%, reduce the overshoot by more than 15%, and improve the dynamic performance of the constant pressure valve.

Key words: constant pressure valve; state space model; multi—objective optimization; non—dominated sorting genetic algorithm;fuel

system; aeroengine

BRI B 22 | 5 T 0 11 A A 7 i v B Ok
T, ELA AR L A, BRI R R 1 0

SE R TR A SR IR 5 2R A0 T PE . gz Medtbe e B e R T R A BRI, A
SR I 5 2 LA R B RGRE FR Ay SR R s 0 1 S0 IR LA 1 B A R 52 JE O
WV GE R TR AT R B R SHL IR TV D R R R MR, AT RES | % 4 R

0 37

Y im B #A:2022-11-28
EH®B N £(1997), 5 6+,

S AR 3 40 PG A K BRI AR G RE T T 1 T2 AL BET ] 25 2 Bl#L,2024,50 (2 ): 134138 WANG Tao, CHAI Wenwei, LUO
Changmin,et al.Optimization design of constant pressure valve parameters of aeroengine fuel system[]].Aeroengine,2024,50(2 ):134-138.



%2

TS I R SR R GO TR I SR LT 135

Y , HE 05 | A MRAUR A e gy, e 2

SHHLF AR E R ATt

WFSE A GLRLIRE S AR 1 09T 2 % 4 v e R
A5 AASHERERISIIT I MaSR I 134T T R

B 253 M, Feo3 B I 3k m] LA T At s g 42 4 1%

s B SR T IR 20 R B R
JE2T6 T RS NFEEIEAT OO0 T T S B R |
ARSI  TER) T BCE B LU R T A
TR I Rl R LA A B0 BT SR 2T

FVBCAR R g a] A7 XS T AT b AT TS E,
PRI VR T 28 2B 44 AT $ig BR H e gt S AR A
F AR B4 5 Simulink FT AMESim & 57 [ BB AU

RERY T B SR AU ST ST R BRI S M B 3
JUITEROS

BT Irik e Osterland ZE 5 X1 A7 AL G R L0 E T 16

fiff, IFAT RN —> 5 T il TR Pk B Wi U], B
ARG B BE 5 A O T e S BH e e 3 1]
Al AR RE TAE

T e Sl AL R T T 1D 2 [ Ry 221l
MR, TOL 2R 2278 BR T W A AR E 1 R AT,

T B P AR AL R 58 AR ASRT R BhA L

R PR B R PSR AR A o TN X L 2K
Z AV S B I 526 29 3R B L 5 4 SO B P

G AR SCAESE P TR PSP BT (0500 it
7 TRAESRATE, FBRACE RSB0
R

1k, - F FH AMESim 15 B AT 301IF .
1 EEBIHFZER

2 FIHLAR I 5 5% 10 R 1 45 M 1R
IRl E R ~
FANEITRGS 1 A RE T F
2 B3 IE TS 4. [ -
MRS LR, Fp ol Y]
WS p RS,
PO BRSNS R ), p, I ==
i

E R R— R
{5t 4 DA B 1 3 4 4 T 1

B1 EEEIEAE

e

E bRV p i B b aa s A Y R R T WSS B
e O AL B IR R R 1T T AR A, R T ORI R ) AR
SE o 8 I ]I T B i A s [ LA
SBHEETIE M, BRSO N X, 2 X=0 mm i,
H T 57 AR 0 U ), 2R IR TR RS, g i

AU K BB LA R r, B0y o, I 5
To,m\UAIEJ‘XEQ%,%%j
A, = n+(mr’ = (arccos ( r-X-n )t -
r (1)

(7‘ -X- ro) :
1.1 REHFEER
FETETE AR AR Bl 1, AR $is h 2 #E ] 15

F=(r=X=-r)))

SRRIERT TR REA L, e T R e JORE

F.=2C,C /A cos6Ap = KA Ap (2)

FEREM ST TR T A N s GOV A R Y 1 N £

BB e RALAL A IR JRIAT B LR el PERORETE R —JBI0.95-0.98 K SR 0.98: €, ik

T R 5850, AN SCHL0.65 50 M ST, v e S TR

PURFEBEGE R EI 1L R A B2 R ey AR P 60°s K R s A

(BRI R
p A+ KA Ap =pA+KX+F, (3)

R KO BB R F BRI 54

e T A
SR fitan Z2 ARl R HILA AL i, S5 808 S 6 1T 1
FTAR A, , 2 P 07 7

2(pj _Pd) -~ C.A Z(Pd _Ph) (4)
/ p 241, p

s € A 2R, AR SCHR 07230 Ry ATl 2% 2
ot A, R B, A, Bk K (R L

CiA,

2(pj_pd) (5)

Q=CA,,, P

1.2 ZhSEFEER
(1) J3 VA . ZWgBRSW sl 71, 5 H e

mX=pA+F -pA-BX-F,-KX (6)

KBS VB B R ) LA

(] B AR 286 8 25 DR R DR s m N RS
(2) WS I e ) 7 R [BI3 i I 3 A1 IR

AL SRR B R

wd* V,

AX: 128Ml (pl_ph)_l—ﬁpl (7>




N

136 =

% 8 Hl

5550 &

s d B FLAE LR AL AR SO Imms |

BN IR VORI I S AT B ORI SR

e R s Bk O S TR I, LRV ROV, R 1 B AT
FEh

b=y (0 0. - ax) (8)

A RNIOE ST 8

LA = — v — _ A :
BORBZR N 2, = X,0, = X, 0, = poug = peo Hi

MKy =ppus = Al ol y = p, = v, S5 MR . ) .
P AR BTG (RS ST R S PR ]

 EhAEMREM EE SR RV, d. V. .B.m. I
OOh Gt O R A R R S R,

T AR A5 2 D
Ax = AAx + BAu

Ay = CAx + DAu (©)
2 TEEREINMALET
21 RESHRIT
FE RIS ) E S BRI L MRS AS RR I, h AR S T7 2

RS TARX RS TAEX N, LGRS F Shia sy, e
i 05 IV T s D U I L T — AR k. 2
PRI , 188z sh B MRS, I TR R Rk
RS TR, B G TR E RO 2 822 .

R TIERN BRI 5
ORI ARG 4 e Dl
TRAHAR HgAR 20wl
CUNE LI FHINDIL (3 S “*~\f ;
B R R ‘

20 40 60 80 100 120

U 2zl H i A B A

Q/(L/min)
BRI R R il B2 FTRRSEERAT
M E 1 2%

28, N2 s .

R A5 W 23t i 6 T AR R . RS2 a(3) ((4)

b I A TR
2.2 stk

NSGA- I B3 BB F T Fieh & AR (AL 72
PG BEIR RO IERN 1513 T et L RHEF, Kk
RIS TR

T 5 SR A TR SRS PR UE TR T A AT B

5 R TG A 0 G R T R

M PRUE T FPRE R ZREIE AR T e B A8 AR S

SRR A 2 A
R AR U, R
OREAT ST, B 1
MR L A RS TR B (A Rt o= U AT ]
Bl R A R
(5)FT 1, A0 Hop 2 5o s i K R A&/, AR g WORIVA Sl
BB

NSGA- 11X} T4 — AU AR A RE A7 8 A 48 A A 2 AU A

OBEKE TR S ACRBE S I AT SRR
(3)E TR E S 7R 52 FRIG T THH 11 2 454l L

BrRETHEIE MO RS R R HEA T BT, R

%] Pareto AL ARIT,

SE T IR RE 225K 22— 2 BE TR 18 i 7 37 £ 75 5K

 EEIRIR S I AR DA 5 e %
VAT FURE R o A . 1R R
2 0, W HEAE RS T TIORR I B s 0, R 2 IR : -

B TR QAR kS R e IR 52 2 B B 7

1 i AR LA A 19 ) BT S s T 0 28 A e A
PR AR SC LA i RO A 2 F s 7 it A et

i ZHZSPERE , A B/ 9 R )RR RO . 28RS
AP AL 2 AR R S S B0 R MR AL s T 09, DL

AR AL A R A S VR TR
RS TR AR AL S T 43 4R
AL, BN RS MR A SR B K A, TR T AL

Vo AERE F1 S R i A R — AR5 80, FRRE 4LV B um

SRR AR AR RO

in{ 1,(d.V,.B.m) (10)

o(d,V.,B,m)

O o B AR AR

E H G 1A o LR s s T LS R 58 AP R E

RERVEL. TR PR A S,
B SR B

S AR E P, P R]

A

AR Ay

% gt & i
T RS

B T 0 0o, I
AR SR B
AR, FLBT 6 Ry i
E3 HBHirmHMITERE

AR SCAE R A7 LT - 9 2 (o
Pl 4% A R B PR L 1



552 M TS s R R G RIS T SRR T 137
=1 TEEEE 55510 @ 47
- — gss0p © g 8
AR TR R LK ;{ s R m;‘ 4.6 " g
g S-
d/mm 0.1 5.0 0.1 Esaol o o 24 s o
V/m?® 2.78x10° 2.78x107 1107 533 705 0% 0'7‘08 09 To 44 =
4 05 06 07 08 09 L 05 1.0 L5 2.0
B/((N-m)/s) 1x107 1.0x10° 1x107 AT 2 /ms JAATH ] ¢ /ms
mlg 1 50 0.1 (b) V,=2. 69x10° m* (c) Vi=4.65x10° m’
E5 % BRI Paretofiffe

3 HRSM

J T KRR A B, 7F AMESim #5757
I 1 AR, & 4 @
IR
3.1 BESHITE

SR TR D TERRS
TAE X F ) R o
KN 2.36 MPa, fie/N R 1.05
MPa, H{A=78.54 mm?, %
JE B R T TRTE SN
HTOT TAEBRp= gy zEsdavesin
MPa, §¢ Q,,,=0.1 L/min, ¥ e
Pann=1.05 MPa 18 A 3L (5)

5 Q,.=117.53 L/min, ¥ p,,,=1.05 MPaf8 A= (3) i}
B F=139.77 N p,,..=2-38 MPafR A (3), 0] 3}
1 K=15000 N/m.

32 HEME

B p=8 MPa T-1E S AL 5 B 2- A 2 1L 3
HANF V,, 43590 1.78%X107°.2.69%107°.4.65%10 m’
HEAT AL . BB FPREECE S 501, AR Bk
200 7K ,NSGA- 1 H44 1) Pareto fift 45 40 18] 5 7 |, il 4
AN BT R TR 32 R R 2 24 R 3k — e YR
Jo  ER O R UE E R . SR A A R AS i R R AR
UG A E A S BURE m BEE E ARTE
1x10%s AN, o #BAE 7% LA, AT LA SC % FH Y
NSGA- Il 5k HAT R A
BRE

JCE VIR, e 2 "
Er Ba ®2 » % ¢ @
I o MR DAL il o f2:2 %02 03 04 05 06 07 08
A& ) B R, AT AR SR T /ms
TR (2) V=1 78x107 m’

S AEASTE] V, W) Pareto fi# 45 T 1 2 B L% LV,
BORTRHE B AL 5 & S B0 LR 2. R4 =
M S8, A, 2.08%10° m? 5 Fir BR 3] 2.18%107° m* F-Biy

X 6.6
6.4

wo/%

i

BRF 2.08x107° m?, WLEL H B BR 19 sl 25 ) b o 2, B3
PeAk R i X e An i 6 i .
%2 V,IAREERELEHNSSHEE

Vi/m3
S -
1.78x107° 2.69x107° 4.65%107°
d/mm 1.01 1.02 0.9
Vl/m3 4.63x10°° 24.3%x107° 17.8x107°
BI((N-m)/s) 24.24 44.60 18.85
mlg 5.10 5.07 5.13
2.40 — fjﬁ1jﬁﬁﬁp(l 12.20 .
2as £y e AL p, £
g I\ ‘.'-:\ R AL2.15 z
= 230 £ X A <
< Y Sl TRt 1 =S
| \
2251 4 \/ {2.10 EE
1 #
220LH . . .
0.5 1.0 15 2.0
t/ms
(a) V,=1.78x10° m’
2.40 ==fiAkhip, 12.20
y IR, E
el I L mOmERa, 2
£ Iy |-_‘ 42,15 X
= -
X |+ —— pvpm—md =
Iy 'y 1=
2251 \ {2.10 o
| ] =
220 L% .
0 05 10 15 20 25 30 35
t/ms
(b) V,=2.69%x10™ m’
2.40 —=Jifkip,  2.20
e AL p, :s
2.35 b RLA, =
£ I Ay 215 X
S 230 l"l I 1i N <'
< '_'_-l':}'»[.\:l.'?,m._.._..._._!.3",'..1\'[:&1'%"_'—'- =4
4 A =
2.25 [ i 210 5
J —
i . =
2.20

1 2 3 4 5 6 7 8 9
t/ms

(¢) V=4.65x10° m’
E6 m&EMUBTEITLE

N AT WL AR V3 4LBUE T, e e RG]
TR CGRAE T 8 FR 36 1T oK) 1) i S )
AR (E B BRI A ) , 8 TG T sh AT RE AR 2 T4
Rkt . SRR, 24 V,=1.78%10°m N, o FEAK 24



138 =

% 8 Hl

5550 &

15.47%, 1. R AK 29 28%. 71E V,=2.69x10°m’ 1 4.65%
107 m® B, 78 FE 36 7104 e 0 i A 38 48 ) o e 1 . 75 21
TRER . XERSRIM ARG 1A 2 A
NRMUAL SRR, 58 FEG T 1 He e A ARALA At A R &
M /N T o BeAh, M O SRR 2 TG T AR
TR TAE 2, ShASma N A AR, X T A A H
JETIBERIEAR Ak 1) S 5t AT 304 5T IR 19 e ]
FEREAR T M i

FE R I, T X It R AR A
() BhAS L FEHEAT X e ORI A, 2607 T 05 B HIE . 4
Tt AR A/ NI, R R T TVR Y B R) i HAF AR R A
W7, ek RAb)G A 30 4RHE T AT R TE bR TR
i 5 MU S AR PR AT B R GBI R,
S Uy (=i v 1 R e I s R A

4 #ip

(1) PR 8 AT AR SR Wi 2 s T 1) A AR S P RE
S B ASVERE . 1Y ORI S AR RE 8 A AIE T
I 104 H0 T T R A BB 4 e B 2 AR A 9
PR TF] o ARG A A o, (ELISORE 2 B O T TR, LR
PAFTT A o

(2) DLl 5 i ] #0088 94 & 4 B br ek £, R
NSGA- [N F 245 3 1 I Ui , AR At 45 mT 0815 1
[Fi) 1 8] 5 AH B T Y, 7R S92 Bm AR R m AR 4
R [ RS B S 4L

(3) 7 Js Ji 28 RN 5 TR0 1) 3l A e Ay T 250
el , HR/N T8 G TR A B . R34
I8 5 T JE 8 AR ey, e 1 20 3 S AR AR I AR o 285ty
SR A D AR R A B BRI AR IS L A B0 T 3
1B S PEREA A AR T .

SE Lk

(L] A0 AT B2 L S R S ALK b 38 1 68 O R BT 501,
ML L, 2012,29(8) :81-84.
GE Shuhong, FAN Ding, PENG Kai.Study on remodel design of aero—
engine fuel controller[J].Computer Simulation, 2012,29(8) : 81-84.(in
Chinese)

(2] A%, RS  MROSCHE . ol He ) 3 A5 1 R A5 2043 Hr 5 Wt . B T TR
AR (A IRRERD ,2011,50(5) :847-851.
WU Rong, TANG Wen, LIN Wenxiang. Dynamic performance simula-
tion of pressure relief valve and test[J]. Journal of Xiamen University
(Natural Science),2011,50(5) :847-851.(in Chinese)

(3] FERT, Sl R AE | 5% RO U023 A SHILIN S Rt 8 4% th 100 T b 3
WFFET] AR AR5 5 T9T, 2019, 32(2) : 56-62.
CUI Ying,ZHOU Zhenhua, WU Zhongmin.Research on outlet pressure
fluctuation problem of afterburner regulator of aero—enginelJ]. Gas
Turbine Experiment and Research,2019 ,32(2) :56-62.(in Chinese)

[4] EBT A 23 S SHLRA T I 55 s A 5 SR 2 B D). 3L T K% - K%
T R#,2018.
WANG Ke.Modeling and fault diagnosis of aero—engine fuel regulator[D].

DalLian Liaoning: Dalian University of Technology,ZOlS.(in Chinese)
[5] Ma C Y.The analysis and design of hydraulic pressure reducing valves
[J].Journal of Engineering for Industry, 1967,89(2) : 301-308.

[6] BRHEH , F 25T, BT I SE B Rl A B LA PR 23 1 T2 43 B[],
fii s % AL, 2014,40(4) : 75-78.
WEI Yanyan, WANG Hongyu, MIAO Wanbo. Analysis on modeling of
constant pressure difference valve for a turboshaft engine[J].
Aeroengine ,2014,40(4):75-78.(in Chinese)

(7] AR, 08, 22 ki , A5 5 F TG | IR P i J T (0. A0 3l g 2
#12,2015,30(3) : 754-761.
WANG Huawei, WANG Xi, LI Zhipeng, et al. Quantitative analysis on
constant pressure valve stability[J]. Journal of Aerospace Power, 2015,
30(3):754-761.(in Chinese)

(8] Z= b ik, Emgke, AR, A5 R 245t s (R e s M A R BE T 25

WS % K 8bL, 2016,42(3) : 12-16.

LI Hongsheng, WANG Xi, WANG Huawei, et. Differential pressure
controller stability analysis and research of design parameters|]].
Aeroengine,2016,42(3) :12-16.(in Chinese)

[9] Osterland S, Weber J. Analytical description of the static and dynamic

behaviour of a pressure relief valve[R].FPMC2018-8859.

[10] S5, W A, X — 4 2 Hedi 1] A% v HE BELJE 445 1A DR 22 43 #r 1.
TRERLF AR, 2017,49(6) : 184-188.

WU Jing, HU Guocai, LIU Xiangyi. Analysis on modeling factors of
hydraulic damper with pressure relief valve[J]. Advanced Engineering
Sciences,2017,49(6) : 184—188.(in Chinese )

[L1] S35, B A A 8 0 T AU BELJE 4 71 A P RE DS [T]. 2R rh

R A AR R) ,2017,45(2) :44-49.
WU Jing, HU Guocai. On mechanical features of hydraulic damper
with pressure relief valve[J].Journal of Huazhong University of Science
and Technology (Natural Science Edition) ,2017,45(2) : 44-49. (in
Chinese)

[12] #7060, FE s, 45 BB 2200 1A Sh A Rebk 2 BT (0] s e 3l
#L,2015,41(3) :44-50.

YANG Feng, WANG Xi, CHENG Tao, et al. Dynamic characteristics
analysis of a pressure differential valve[J]. Aeroengine, 2015,41(3) :
44-50.(in Chinese)

[13] Chen C T. Linear system theory and design[M]. Oxford: Oxford
University Press,2013:21-26.

[14] Deb K, Pratap A, Agarwal S, et al. A fast and elitist multiobjective
genetic algorithm: NSGA-II[J]. IEEE Transactions on Evolutionary
Computation,2002,6(2) : 182-197.

151 B8E I, 05 & ShHLAM A % R e i fii A Jm 2 AL AR A4 L]
75 K HHL,2020,46(6) :46-52.

XU Peiyuan, LIU Wei. Multi-objective optimization of clamps layout
for engine external pipeline system[J]. Aeroengine, 2020, 46 (6) : 46—
52.(in Chinese)

[16] Gui S, Zhang S, Fu B, et al. Fluid=dynamic analysis and multi—
objective design optimization of piezoelectric servo valves[J]. Flow
Measurement and Instrumentation,2022,85:102157.

[17]EER 58, sk AT, oAb X, A5 VR Aw] e 1 88 1) 3h S Rt b 5 2

FIARILAEL]. VU 2e S8l K272 41, 2022(12) - 1-14.
GUI Suyao, ZHANG Xuan, ZHANG Shishuang. et al. Dynamic
characteristic analysis and multi—objective optimization of hydraulic
servo valve spool[J]. Journal of Xi’an Jiaotong University, 2022 (12) :
1-14.(in Chinese)

(Ziid: X &)



