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Vibration and noise analysis of fuel pump regulator under combined load

HU Xueman" 2, HOU Liangl, BU Xiangjianl, ZHOU Yibo®

(1. Department of Mechanical and Electrical Engineering,
Xiamen University, Xiamen Fujian 361102, China;
2. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China;
3. Aero Engine Control System Institute,
Aero Engine Corporation of China, Wuxi Jiangsu 214063, China)

Abstract: To investigate the dynamics of a highly integrated fuel pump regulator under combined
structural and fluid loads, and compare the difference in responses between its working and non-working
states, a hydraulic model was established to obtain the pressure of main action area under extreme
conditions according to the principle of the hydraulic system. The structural damping was identified by the
Ploymax method. The excitation load was reconstructed by the response control principle and system
characteristics, and the load form was transformed by the large mass method (LMM). The acoustic-
structure interaction method was used to solve the modal and vibration responses under the combined
boundary, and the indirect boundary element method (IBEM) was used to calculate the acoustic response.
The results indicated that the change of free mode without fuel prestress was little, and the peak response

of vibration and noise considering casing vibration and fuel prestress was significantly reduced at low
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frequency, the first order frequency was reduced by 17.3%, and the maximum noise value at this frequency

was reduced by about 14.3 dB, and the response had a tendency of increase beyond 600 Hz, compared with

results of non-fluid-structure interaction.

Keywords: fuel pump regulator; combined loads; hydraulic system; large mass method;

fluid-structure interaction; vibration and noise
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Fig. 1 Process of vibration and noise analysis of fuel pump regulator

1.2 #AHESR EE R R EFIE

BEE Y TAE BRI AN 2 s, MR 46 IR B g
BT IR HRA 22 B O AR s e AR R R
TR 8 A W % 5 R AR 1, R = A3 T3l IR
28 A MR RIS, 42 T OUE SRR AT RS )
AU 223 177, B 534K e ok 3 3% 1 R 8 s s
SR T HEAE R (H, PR TR E AR BE 2 I ik 31 e
it i, Y45 4% 1P, SR et

N T WP E PR T 00T i3l Sy ket A2k,
T O BR T80 T4 3% 11T HE A 100%, 1 2612 3)
A T, 5400 1T 5C M o % 00T #ATh 2R
AT 45 PN S AR X IR L AN ] 3 TS

TE T AT IS b A R 5 R X A, R 3
A SRR R 0 Xy R 2206 T T(A) | T i
{6 17 (B) A gl (C)

S SUR VRSN (D S T A S S N D)
X TR 5 A DXk A7 U i, i e 4 SR ] 4
NS

A T A H RSE/IN, BB i 5 5 TR
AN AN, G RE 52 1 i 52 W A R 555, (] 9 R 1
o5 TR s 5 /), 22800 DL A ) e s A
T 114 8 g BE S, R A e (R 1) A1 T X S
FRECR, PR B X B0 R SRAE I . IR&AHIE T 6
A AR P SR A P L, e Y AR G FLAE R )

20220849-3



25 3 01 4 %39 %
firks
e
] FET)
ki1
@ L 1™ T
—]
B
gy | REE
R
PR
il )
it Bl SIS
S
ikt i
RS 7‘ frl
B2 R R

Fig. 2 Principle of hydraulic system

fRIR IR

(&l

AR | — S 9 fRI
S A AP S O A
i T 1 — T2 fasifilih

3 SRR
Fig.3 Modal of fuel

NS E=

QA @

6| frlllid

s

JEZETETT(A)

TG (B)

Mg (C)
Pl 4 TS A FH X

Fig. 4 Secondary screening of prestress action area

Hr A 20 05 1R B dR R, 2 AR I A IR
RIEBR A BN 1 fios .

x1 REBEBRER

Table 1 Fluid pressure information

J¥5 L JE5%/MPa
1 JEZEA T -5e4k 6.8
2 I - s 6.3
3 THG -7k 6.3
4 TR 6.8
5 THHTE-7ER 6.8
6 g - 7

1.3 ETF Polymax iR RS BHBARTE

R T AR R B AR LR S T B4 RS
BELJE Lb, LU BRI D) R385 T (0 % 0 2 20k (5
SCRERREIE) A B R, R B /s 3 S0
IR, B TAERESEL.

P A AR - PR RO AR Sy

T o H
ny<w>+=2(%+j$f7r*) (1

r=1

K o, 03 0FR r IRBVFIELS 2 5 F 1)
i, O N, A 2w, MFHJE L& PE, *3R
N8, H %78 Hermite FEFS & .

Polymax % Hl 73 2 WX B, Fl 43 ) 22 15 X

20220849-4



%1040

WA A TBES T T R R R A R AR AT

B o, A4 IR 2 AR TR 37 F AR A

q q -1
X, ()" = (erﬂ,].(z:zra,) 2)
r=0 =0

o g WAL IG Z = e, Ak oRFE SR Y

S5 fr /N IRk, R FTIE A wE RE E  F
R E TR, A AT OR R 2 IR R A pR KR
e AR RIT, X 30 (2) 73 B Z I o I B9 7Y
AT R AL 0 -

0 I - 0 0
0 0o - 0 0
: R : V=VA (3)
0 0 - 0 1
-, -a] -, , -a,

A A AR AR B, X AT A, = e,
0,0 =-wé tjw,1-&, VEA T THEKES
55 B AR IE AR
1.4 ZHmEEHETRE

LR A I AN R iR By 22 495 1 A el 17 A8l 22 T
FETERA E 1 L AIOC &R, A =2 ] J2

X(w) =T (w)L(w) (4)

o X (w) AR ERE, T (w) R, L(w)
SRVl o R A

K 2 i X TR 3 L g, & N
SRy A ) R, DU o) S 1y

N
Zaka(w)

}_(k(a)) IHN— (5)
>
k=

1

A a8 kA RALE
(7 2L, P80l 0 8 42 o ) 244 3 R Oy

N
Zaka(cu)

Tk((l)) = kle— (6)
2.
k=

1

ATy Cow) Sl 045 ) i ) A2 33 3 bR B
H1 22 s - X s ) DS, S T 38Dl 90 ok

ZN:aka(w)

Yk(w)_kl NR(Q))

Tk((,l)) - - Tk(a))
aka (0))

Llw) = 7

M=

=~
I

1

KPR () R TI25 B SIS 515

&% RTCA/DO-160G X 44 i 2% o 15 2% 217 2
BEMEIR 2 5256, R FH Y 1E 7% 2 2% 1% 4R 00 535 [ o
15.6~725 Hz, WA 5 iz, A4 X (7) R 554K
T SEBR R B, A& 6 s .

g
6g
S5gr
0 48
)
CEY
2g -
gk
0 n 1 n 1 n 1 n 1 n 1 n 1 n 1
100 200 300 400 500 600 700
Wi /Hz
K5 %k
Fig. 5 Reference spectrum
g
6g -
Sgt
%8
&)
=3
2g -
gk
0 1 1 1 1 1 1 1
100 200 300 400 500 600 700
$R/Hz
Kl 6 #fii

Fig. 6 Load spectrum

1.5 EF LMM EWRESEIRsRE

TR EARG REEIR S & ERYsRia s
Bl 254G LMM 0 i 8 B 30Rh &% A6k 01 R 17 3K
fa fii o, AT AR TR B R, aniEl 7 s .

FE UL AR R 58 p RN K £ 67 U URN 0 FRVE
T, G5B s s T R

mzs+c(z—2) +k(zy—z) +p-S =mz, (8)

A mg . my 73 5O GG B MR B, e kil
R R PR R, 2o 2R Ze 43 3 Ol 45 ¥ 067 %
R JAE 57 6% AR a0 7 R Jo e Ak Py i

R Z [l BE R BTRRER, 2R GE0A I H S
L RSIWIE S 2 W R

20220849-5



IR DA

%39 %

FATRES PRBIXF

P 7 i A IR Sl 0 AT Ao B A
Fig. 7 Simplified LMM model of FSI vibration

M, M, 0 Zs C, C, 0 Zs
IME M 0 Zo|+| CL C 0 |+
oD 0 M; || p 0 0 C ||l p
K, K., -DT Zs F,
K! K 0 z | =| MZ.
0 0 K || p 0
D)

At M CRIK 53 5 R B it i B . BHLJE 56 B A0 Wi
FEFR I, Thrs. £, LA s 0 AR R A5 M . Jifk. K
BT B M S KBRS A HE, ol
TR B, DR AR A AR, 2 eSS AL
R, o RIE T S B R &, ple ik s s
JE R B, Fooh ¥ A T WN 775 &, Ze Mt e K
Jo s A B N R R
(9B 31T RIT
pDZ + M p+Cip+Kip=0 (10
4= 2 W 34 [\ 3 (pD) ', A AR B R B
Fi=M;p+C.p+Kp, 2L(10) 7] LI'E N
z,=—(pD)'F; (1D
S RKEEMEGIM,=0,¥%X1DMAA
HA(FE iy I, F5F 217 RIFR
g5,

-M_ (pD) '"Fi+ Mz + (CL+C) z,+ (C,+C) 2+
(KI+K)z,+ (KK+K)z-D'p=M7i.+F,
(12>

B (12) M 2 e M, JRBh G860 F, 4544
TR B S A X o 3 B A AR /N, B oMY
XFATCERBT 0, W LB /NI, 1545

4LrZAMIF,+D'p+ M, (pD)"'F]  (13)

o D poy S AR I SR ) B T, MG AT

ST ARSTE S B30 A 2 /N B, 5 % o B
TR, W] 20k eI ) s, BT AR (13) E—2F
fai ik A
21 %Ze (14)
K3 W %= IR 3l B AR BT A 10°~ 10° £,
AEUCUE 10° 5, H BRI R i 25 8 99 2% A T it Ry
31.7 kg, T AR it h 3.17 x 107 kg,

2 SELIRISIF

MU J TC MRS T A A 1ok 258 811 4 AR il
RSN 3T B BRI B 250, 43 S S0k A2 2 e T
AR5 Ry AN i [ R 5 Ak 3 7 = B P

HR A S 0 X6 2 RS RSG5, KT 2 08 1Y
P ST AE LE-2016/DSA10-200K Kk 4 H, 7 % 51
& SR, LL0.01 g/Hz iYW B0 v 17 BE AL IR )
U, FSA B A 10~2 000 Hz; DL IE 5% 55 25
YE X L2 B, IE % 4300000 B R 15.6~725 Hz, Jil
ROPEFRN 4 Hz, FI R L0 55340 1 A5
. AT B4 1Y SL B 7E MPA403/M124M /N AL Hy,
s & L 5E ks, FEAAEA 1000~2 000 Hz, 4
RAPHERN S He, MBI 20 3 min, R RE5%
WE 8 Jr 7, 45 il {5 5 38 128 Ty F M K A% i 25 91
B3, PCB R B A% s (R 298 50 mV/g)
SEHUE TR AR, 158 B AR IR &R 48 SCM209 R
LN HBAE SRR FE S, &5, #1758
Pt 5347

o MR R M EHLRSE
it 528
PRl SE L e C] N8
SRl T T
HEERHIERE "]—ﬁﬁ
BHRY == R T
RO 2 R —Y— é

K8 Rl AL

Fig. 8 Vibration system

Y 5 R R Bl S0 P = P R A%
AR B B AN BRI, 5 WU i 1S ¥ X S
1] B o 1A R 30 S 6 R P B s A ), o L T
sl G, G RARE RIS 5 g,
IS BE RS G0 L, SRR 25 S, W
TR B P BOK . X T IE R 30,

20220849-6



4510 1

WP A TR AT T AR A R Y 8 P AR R B

SR A 2 W (P 27, i 13 4% 930 3R e 19 R A K 3l
TR B A5 B K AELAE 0 IE A5 AR (R, DLARAS
HIUBATT PAL 52 PR ) 7 26

T2 IR 2 9 ' L B 2 Sk i 1 3 S
I A5 GO AT @ Sy B 4 Je 5 I b Ry 3 B ) A i B
e TOURIS H o i A T FE AR i) i 2 530 3o

RSk
B\ s, -

i 525 74

LVDT{§1 5

(@) MRS BT
AR

(b) fa7 B AR (HF AR )
B9 Supes

Fig. 9 Experimental site

SR Y st i L v A 48 6 B 30 5 N 4, 7 R
B DT o A ARSI Vi U, % R Y R ik
BRH 725 Hzo PREOE 20 W (B AR, 5256 F 4
FRY AR L & 10 s o

Xof LG5 SRk, W a A S2EG 1RSSR A
TR 22U N —0.97%, I #5 b (1) 1 B 45 AR KR 22 24
3% 1 By M R 4 X AR R 228 6.7%. 300 Hz
N, B IEAR Y4, KT 300 Hz J6 B, #h £k 18177 7F
— RS, FZE 5 AH R4 20 B 2% Bl 4 34—
o WP A SO X R BB, ST SR
FE AL IR Y 2 BOWI b B, T2 5 2 4 A2 4
BEMCARBAIPS S K2R PE K, i LUZ B 5 T Y
B B 35 nIAE B, AT TR 2600 M

BE B 3h 5250 7 AH R BR 5% T 647, 38 m 24~

10°
--------- Pt
—
)
% 10° -
M L
b
=
=
10] " 1 " 1 " 1 " 1 " 1 " 1 " 1
100 200 300 400 500 600 700
SR /Hz
(a) FE4 AR
10°
A
—
)
% 102_'
X
#
=
=
1 1 1 1 “' "., 1 " 1 " 1 |

.300. 400 500 600 700
A%/ Hz
(b) T

100 200

10 JRINFRE TS B0 L B S SE AR (BT L
Fig. 10 Comparison of the calculated and experimental results

of the fuel pump regulator’s response

D A5, A T A5 o8 4 58 T 1Y B, 456 20(3)
HEAT TAERES S HOR A, 5 55 SC 0 AR AL
RS BLE H, Wk 2 iR, R E 2 £
FRCM, J5 SL oy A h — M O A R R AR B E
BUE G 0.1~0.5.

ZEA IR B IR A BT AR 11 s

TE IR ZS 1Y 525 RMS (root mean square) {4
10.5 m/s?, /5 B RMS {4 10.5 m/s*, A HIR A& 1)
SCHG RMS B 4 13.1 m/s?, {f5 2 (DIFF) RMS {4
13.3 nv/s”, F5 HIT A9 S50 28 Ak 2.8 mys?, f

®2 TIEESSH

Table 2 Parameters of working modal

" Yk Hz B
R meE mams | WUEHR%
1 293 298.6 2.76
2 351 375.9 3.58
3 567 505.4 4.00
4 711 654.1 3.42
5 911 870.5 3.20
6 980 910.0 1.27

20220849-7



IR DA

%39 %

- SCES (TG - D EL (JGIH, STRMRT) - A B (4 H-DIFF)
— 5B (A7) - (B (JGiH) — {5 T (4 1H-IDENT)
24

B {E/(m/s?)

T R

n 1 n 1 n 1 n 1 n
1200 1400 1600 1800 2000
B /Hz
B0 s SRS SR (0 L
Fig. 11 Comparison of calculated and experimental

results of vessel

FUARAE KR 2.6 m/s?. WA AR08 W] LA Y, 5
B F45 BT R AE 1560 Hz 1 1 740 Hz Fil i i1 25
R, S5 235 5t B A K e e R A kR A
Sy B a5 A ) e 1 5 A i A A A R 22 B,
) N SPGB & () Y A s = ) 1
G AR A3 1 AT S, O S A A R TR
T LI HERR T . AR b, A RS it 2 ke S
[7), e A0 3 o5 3, R T A R AR —
o AR, JEUM R K (DIFF) A1 8 5%
(IDENT) 1y 353 45 5 58 4 — 2, Sk 17 #8451 ik
HOF AW AT THERE TR, 3 LMM L1
J7 3807 32 30 4 SIS IR FH I 35t 14 A1 2%
N 3 BT AR i 45 435 SR B — 3, SR TR AR T
SR B R T AT

3 FEHREFEXTLE ST

BRSBTS E, PR AR AR R T
ST AR B ITR AR () 25 S . E— 2B AR A
AE L0 T 2% R 3h ) R AR Ak, I TR HLAR 2
M 7 50 X R A T i I e S KO AT LR R
DA, 4 1] Hi xR A I Bl A 48 bR idE AT 25 ST
#ro ELAA RO HEAR Dy 2k DL SCRk [18].

3.1 BEEEREM

AN SRS 343 BT . T A BELJE R i T e b
BHAIE LT, XSRS I8 T 25247 H e RS AT,
B AS SC 00 56 TIE 2 2% Sk (18], A il A i 23 I il
RP-3, 75 14 4 1324 m/s, % & 764.6 kg/m®, Fi &
BT S HE BE AR DR T A, A TS 0 AR 1)
7%, 1000 Hz N LAZS RS AR 40 R 32 i R 24
BRI AN 3 iR, 850 Hz AP, BEAM R

K3 FEMRTIREITE

Table 3 Comparison of structural modal frequencies

Gk BEsNI/He goxEf AR

A e Hz %

1 519.6 519.6 0 0

2 535.0 531.7 —33 -0.6

3 659.2 647.8 -11.4 -1.7

4 808.4 803.2 —5.2 -0.6

5 852.7 855.5 2.8 0.3

6 974.4 990.6 16.2 1.7

FEA BT Y AR 0.66%, 850~ 1 000 Hz, 45 25 451 %
LR A TP Y TS 1%, HRA RIS 1 By
4 519.6 Hz.,

A A I R ABUASE 25 R U LA AR 0L, A 5
BAPRAING A 2 5, RIS, & 12 45 B H A
e S 43 SHL TR 58 g 2 R R A o L, P R R R
IR ) S Kt 7 A AR S AR

A TS5 1 B LVDT (lin-
ear variable differential transformer) { $/ &5 ) 25 {iij
L I VA VA R A RN B 11 I i
G Al BN A4 A A, SR X 32 B B2 A % A
PR LT %A 0. 1610.7 Hz #1 1619.3 Hz 4b
R T I 45 P 4 0 359 Sk 4 28 45 TR R R B L Y

=i

z
)
X

A
el

AT (519.6 Hz) AR (519.6 Hz)

(a) 1 B2y

A 4
_XY .XY

FLATT (535.0 Hz)
(b) B2/ s Fa iR Y

WAJE (531.7 Hz)

20220849-8



%1040

WA A TBES T T R R R A R AR AT

HLATHT (1610.7 Hz)
(c) i EEF R

HETE (16193 Hz)

12 S5HRA L

Fig. 12 Comparison of structural mode

SRR, BRI AR T AR AT, 485 1 B
W, T AR I A 2 = B A, Bl R T
it RS S 3 25 T A /N o BRI A 1 i A
JUF-TCRE M, X v B i 784 1 52 ) 26 800 4R A 4 IR
Py i AR 2
3.2 IREhNNA = RIEMN

Uit TR G 4R 20 43 B 30 e 7 S R A T e 5
T RT3 R T ARG R R T B A )
B PN A R B e A2 Ak, A A TR S 1A R T 2R
VAT R IR B0 N 25 2R 43 5 Dk R gk A RN B, A B 1Y)
PRIE(E IR X 52 4, A0 5 5288 o AR B 1, X
W/

1) #5512z Z R ME

JEL, AR N SES Rz 220

A= (A;—-B;) + (A;—Byi (15)

AR R B, AR 3 25 1 e R AE

2) B Z A BUE

Hn AW, AR 45 3R 22 22 1Y°F- 05 F
FE 35958 R Ayt 43 AT At PR 48 %00 i 3 £ AR Ak K
L HEAK

J D [A=BD + (A,-B,)’|

OCSHEA IR w0 435 SR X L, Gk 4
FroR, AT LAS H, 301, 389 Hz il 633 Hz Ab ¥4 1T
J5 W N 22 48 f% K, 15.6 Hz H1 229 Hz Wi 1 22 {H 5%
N, B KA G BLAE LVDT (R 40 TR, %%
{235 0 R CHEBE A B MR ) D B e 26 (v 1 (G 5 26
BCAAR rfv oy ) S 302 b 25 7 W BE RN AR e 1 22, e i
AH FE T A A7 B A, Al YR 7 (DR 4P B 0 i Al )
B RAIR Z o

x4 REMBIXFLE(Z FiE)

Table4 Comparison of vibration response (Z direction)

Yo% 22 (LB 2/ He

s
f/MHE S PNEN

LVDT #4755 T0 15.6 633 113
PrAr e v 521 301 3.0
SEiR 229 301 2.8
£S5 229 389 1.2
BER LD 15.6 389 3.7
TR 589 389 6.0
FE2E05 1 1o 15.6 389 2.4

R T LA A o S0 RN R 43 i DA
FUAEAS 9 7 18T EA T 45 R X b . &1 13 o SR 51
R0 R I Y R JT TR A TR B 45 SR, R
S R R AR AS T B R 25 2R, A, RORE N 3R
PRV AL, v A A5 W ASOXS L 8 %6

MRS 2T LU, #85 J5, Ji 301 Hz &b
WA Y1 2, JHL A 45 HH B — S U L, XoF 07 A3 6 24
4 249 Hz il 341 Hz, Jit 389 Hz &b W {H A7 F i 1
] 72 4 #% B 4L, 389 Hz A7 M H B0 BT 1 U i 0 %
437 Hz. WAETEIIEE 1. 2 R AR T 17.3%
1 12.3%, B AR A, AL AB R4 o DA AT i
2] LA, BRI (AR A A AL 2 S
5| AR A7 By ) 20725 4k, 200 Hz P, #8415 A0 A7
K0, nELF 2n, 200~550 Hz Ji B, #5455 19

R= (16)
n FEASE BRI KR HH 26 A= B AR ) ZE AR S o A g, 9K
=== *EJ’%E *I‘ﬂ’%ﬁﬁ o A/N
~ 10° 10° M
2 3 \_,’\ ,ﬁ‘/
£ 10' 1 %
=
E o 10" ;
i r
i)
é 10° Z10° :
i
1ot 10 10
0100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0100 200 300 400 500 600 700
B Mz B Mz % Hz
(a) M{E

20220849-9



iz s )ik %3948
---- WA AR
1.00m - < 1.007 T~ 1.00m T
0.751 X'J”—JE ?, RN 0.75x | 1 Y11 vy A 075| a0 AN
0.50m} " Lol 0.50m | 1 i 0.50m | |\
E 025mf ::l E “.: E 0.25m |1 IR E 0.25r | E b
I L 1 ,
e A | E=R ¥ N E e NN W
Z 025 o | | & 0.25m i \ =025 SN
—0.50mf o VA b p ~0.50m | 1 R i) —0.50m | L
—0.75mf o VA VA —0.75m | 1 HIImY -0.75n | i
[ NUAYARN 2\ | N I J
-1.00m e =N -1.00m boamen VAL L L L L -100mbe ...
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
P /Hz 4% /Hz $i % /Hz
(b) AHAL
B 13 LVDT f47 58 T )i %o Lt
Fig. 13 Comparison of LVDT cover response
THUGTRH B3R 1A 1) 52 o 2 32 )N BT A RE B2 N IEE(EL. 170~550 Hz HUBLIN, JA

HAt AR Sh R A B AR A A8 D 91, ] 14
TN o AR A 5 T FR W) I e BT R A £

IMERE S R G0 PR 2] 1 IR 3l BE & A ROR
550 Hz LAJe , BRI A i B W 4IR BE ) S 55 8 55

---- WBE  —— MEAET o4,
10° 10° 103
% % r & ) RS
g 10 g 10} B 10 YOV
= = : = r
E 107! % 107 f i_% 107 f
il i ] il 1
& 102 107 103}
= = =
= = = b
1079 O (P 107 O O P 10° P
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
1% /Hz 1% Hz i3 /Hz
(a) X1 (b) Y11 (c) Z]
& 14 H A R M AT 1L
Fig. 14 Amplitude comparison of electrical socket
3.3 FEEMR ERTEH {EREAREY 12 dB, JA IG5 & AR B R T 1Y 5 e

% F Maximum Distance & X} % KB B H{H
38 T3 1) 25 0 S 39 05 500 IO 35, R4 R
S 101 FURCE A% 3 45 75 2R R, B G SR AR 3.2 T
IR Bl o B, AR Y A B R

25 S 1.225 kg/m?, 75 A 340 ms,
FERVAEE F Ok 3T F e NS B IR E VA <R e
k1000 mm BRI 35 557 A%, SR 20 1815 5 7 by I
PR, a2 b A 3 SR T, ) T ) 4 0
L, AR R0, SRR 15 R .

K IBEM 4 3K fif & 275 R 2%, 11 R B e 4
R AE 7 R 2 B B 6T B, anfEl 16 fias . B 4
AR 43590 R - R TR B Rz £ 1 S DA A 3R
(301 Hz), ¥E&JEHRSIMARES 1 MMEEMR (249 Hz),
G 1T I 20 e 7 55 2 S A9 % (389 Hz) , #l &
Je I sl 3 57 3 AW (E AR R (341 Hz) o

CIRYE = Fey=p oR Wit " oS T B el
FEAE AL 14.3 dB, 55 2 B 25 051 R Aub i v M 7

A M 7 ) PP % 40 A

Mg g [ PSS SR AN R 17 s, #RA AT IE 34>
TET PAY R 75 45 1) 239 S R 43 A1, BB i 1) T )
OIS, 8 AR AT R A AR B o T B AR AL,
5 LRSI AT T S0 37 75 i 1] TR A 0 1] < T
DA R, (BRI AR TR 2 YZ i XZ T N 57
Wk P (A 1) R AL, T XY TET B ) TR AR A I 22
i)

(a) A TCHT

(b) il

K15 SR TTHEBANg Ry
Fig. 15 Boundary element and field point model

20220849-10



%5 10 B3 WP A TR AT T AR A R Y 8 P AR R B

7 E44/dB 75 K 44/dB
85.0 70.7
82.4 69.0
79.7 67.3
77.1 ey 65.5
74.5 63.8
71.9 62.1
69.3 60.3
66.6 58.6
64.0 56.8
61.4 55.1
58.8 53.4
56.2 51.6
53.5 49.9
50.9 48.1
483 46.4
45.7 44.7

(a) BB 1B

75 R 4%/dB 75 K 4%/dB
89.8 77.8
87.0 75.7
84.3 I 73.6
81.5 71.6
78.8 69.5
76.0 67.4
73.3 65.3
70.5 63.3
67.8 61.2
65.0 59.1
62.3 57.0
59.5 55.0
56.8 52.9

Z 54.0 Z 50.8

Y ‘ 51.3 Y ‘ 48.7

X_ *%%ﬁﬁ (389 HZ) 48.5 X. ﬂé)’a‘ (341 HZ) 46.7
(b) F2Br

16 AR
Fig. 16 Cloud chart of sound pressure level

—— A —— MG

75 4 /dB
(3]
()

V/ \ e
240° '
> 270°
(a) fIRHARER (BB 1R

—— MGG —e— MG

75 4 /dB
[\®)
()

(b) 601 Hz

K17 Al g m

Fig. 17 Directivity of external noise

20220849-11



IR DA

%39 %

RO T B4 M A /M7 8 22 (B AR A 22 R 90°,
HRTH 1 RS 1 B o 2 il RN, S O i 2k M S
FEARA IS . 601 Hz &b 1Y 4% J7 [n] M2 A 7K P AH 24,
BRIMAE T 19403 Wt 5 35 ) JE AR A 1 Ak Y
FEE2TN

O

ARICER G RN T A DX 5 Bl . AR
BELJE | S5 FRLS | Ui MRS 285 1 HE A ) A1 S 8 Dl A
(RS PSSR STIEAS L RTE Ax e INGR SRS
Fesi e 5 /R AR B8 2Rtk o

1) T 75 RS A VA #Y A H BSR4 R 3R
1, MR AR T 450 BRI B SR, fe i T
ARSI A, o S5 AR R B R R AR

2) 5 AR TNy A TR BT, RS
LB (L 8 N i ) | S N U S =R
AR B AW IRVE ] . 3T IBEM ik (474
S M IO SRR SR 245 2R 2 T, RS ARG B A5 ) e v
A S s P ) A A P A P, 601 Hiz Ak ) I R
HE S

3) 600 Hz PN i i BR80T B 4 il 52 8 19
e iR Bl R KN T IR AR S TR YK F, WY IR
RS Y SN A RS T RS2 5, A=
B R AR GE U L, 75 X O AR A R B 2 A &b
RUEE A2 RV TR PR 5EE .

S 3k

[1] BEYEAE, XIS, 2R Ak, 55 5 T B AUORE A9 T 25 4R i 3 A
W2 AL R (0], B A B J1 24 4R, 2015, 30(11): 2607-2615.
XIONG Yinghua, LIU Ying, LI Shulin, et al. Cavitation character-
istic in aviation fuel pump based on surrogate fuel[J]. Journal of
Aerospace Power, 2015, 30(11): 2607-2615. (in Chinese)

(2] EBT 502 R S LR ih I8 55 4%l A 5 i s I [D]. 1L T K
¥ R BT R %, 2018.

WANG Ke. Modeling and fault diagnosis of acro-engine fuel regu-
lator[D]. Dalian Liaoning: Dalian University of Technology, 2018.
(in Chinese)

[3]1 QIAN Dexing, LIAO Ridong, XIANG Jianhua, et al. Thermal flu-
id-structure interaction analysis on the piston/cylinder interface
leakage of a high-pressure fuel pump for diesel engines[J]. Proceed-
ings of the Institution of Mechanical Engineers: Part J Journal of
Engineering Tribology, 2017, 231(6): 791-798.

[4] QIU Tao, DAI Hefei, LEI Yan, et al. Dynamic flow behavior dur-
ing fuel-offloaded process in control valve for unit pump fuel sys-
tem[J]. Applied Thermal Engineering, 2016, 106: 153-160.

[5] #se, R, fLER, % 3.0 R AEE PRI &I g s
R4 e SRR 2 A7 9], 4k B 5 iy, 2016, 35(5): 168-174.
DONG Liang, DAI Cui, KONG Fanyu, et al. Flow-induced exteri-
or noise characteristics of a centrifugal pump as a turbine and dif-

ferent noises’ contribution analysis[J]. Journal of Vibration and

Shock, 2016, 35(5): 168-174. (in Chinese)

[6] 3ok, 4R, sk AN 2x, 55 s 0ok A W FE 40 3% Wil 1 3

3 W R A A3 BTLT] AR R R O A 2 R (B SRR R,
2018, 46(6): 43-48.
GUO Rong, LI Rennian, ZHANG Renhui, et al. Characteristic
analysis of exterior hydrodynamic noise of jetting centrifugal self-
priming pump[J]. Journal of Huazhong University of Science and
Technology (Natural Science Edition), 2018, 46(6): 43-48. (in Chi-
nese)

(7] ek, & B 1. R PR 2l RS £ AR i B 28 7] 25 3 166
B IR B TR i, 2017, 30(1): 41-48.

ZHONG Jize, XU Zili. Time-space synchronizing fluid structure
coupling method using a fast dynamic mesh technique[J]. Journal
of Vibration Engineering, 2017, 30(1): 41-48. (in Chinese)

(81 LR, BRI, 3K f, 25 fiff 1A — 4 AL 18RS & M2 2 i [J].
Fr R 4545, 2007, 24(2): 52-54.

WANG Hui, CHEN Gang, ZHANG Wei, et al. Analysis of Cou-
pled Modes of Fluid-filled container with Strong-interaction Method
[J]. Special Structures, 2007, 24(2): 52-54. (in Chinese)

[9] # Wi Rk, BRI wE, k&, & HLEhAT A T CHLIAE 23 iR
[E R 30 91 2 2 T [9]. 23 2241, 2019, 40(3): 222471
YANG Shanglin, CHEN Xiaofeng, DU Faxi, et al. Dynamic anal-
ysis of fluid-structure interaction on aircraft fuel tank sloshing dur-
ing maneuver[J]. Acta Aeronautica et Astronautica Sinica, 2019,
40(3): 222471. (in Chinese)

[10] YAZIC I G, KILIC S A, CAKIROGLU K. Experimental and nu-
merical study of the sloshing modes of liquid storage tanks with the
virtual mass method[J]. Acta Physica Polonica: A, 2019, 135(5):
1068-1071.

[11] 2= HOMs, JRI e W, PG 16, 55 0% B8 14 4% It 6 G 11 S 5 A5

BN &3 MR 52 W, 2008, 28(3): 252-255, 302.
LI Huibin, ZHOU Lilin, SUN Tiantian, et al. Modal analysis of
turbocharger impeller considering fluid-solid interaction[J]. Jour-
nal of Vibration, Measurement & Diagnosis, 2008, 28(3): 252-
255, 302. (in Chinese)

[12] BEA6, XU fh 7, BESL 25, 45 4l oK 25 g H ol 7K 5 K 58 ALY 3l
T 54 8 43 M (0] IR 8 AR £, 2014, 27(4): 565-571.
JIA Wei, LIU Jingshi, PANG Lijun, et al. Analysis on rotor-stator
interaction and vibration of pump turbine in pumped storage power
station[J]. Journal of Vibration Engineering, 2014, 27(4): 565-571.
(in Chinese)

[13] ESCALER X, DE LA TORRE O, GOGGINS J. Experimental and
numerical analysis of directional added mass effects in partially lig-
uid-filled horizontal pipes[J]. Journal of Fluids and Structures,
2017, 69: 252-264.

[14] ZEgkttt, skR S, For, 5. 2% B R BT 82 ) Y & 2K A5 2
Rk M7 (9] %S 3 1 2248, 2019, 34(3): 671-677.

LI Jishi, ZHANG Dayi, WANG Li, et al. Modal characteristics
analysis for pipelines considering influence of fluid medium[J].
Journal of Aerospace Power, 2019, 34(3): 671-677. (in Chinese)

[15] RVTHE, IPk 55, U JE, 25 AR 58 R4S B IR 3l i Bz 3 55

5 (. JR3h . WIK 512 W7, 2019, 39(4): 832-837, 908.
WU lJianghai, YIN Zhiyong, SUN Linghan, et al. Vibration re-
sponse prediction and experiment of ship liquid piping system[J].
Journal of Vibration, Measurement & Diagnosis, 2019, 39(4): 832-
837, 908. (in Chinese)

[16] TIISSELING A S. An overview of fluid-structure interaction ex-
periments in single-elbow pipe systems[J]. Journal of Zhejiang Uni-
versity: Science A, 2019, 20(4): 233-242.

20220849-12


https://doi.org/10.1177/1350650116679266
https://doi.org/10.1177/1350650116679266
https://doi.org/10.1177/1350650116679266
https://doi.org/10.1016/j.applthermaleng.2016.05.171
https://doi.org/10.12693/APhysPolA.135.1068
https://doi.org/10.1016/j.jfluidstructs.2017.01.001
https://doi.org/10.1631/jzus.A1800564
https://doi.org/10.1631/jzus.A1800564
https://doi.org/10.1631/jzus.A1800564

%1040

WA A TBES T T R R R A R AR AT

[17] &, RBSC, FBER A O e Kt 24005 5 B 25 20 B ks 44
1L [9]. ¥R 31 5 wirifi, 2016, 35(2): 69-75.
DONG Lei, SONG Hanwen, ZHENG Tiesheng. Refinement of
FRFs curve fitting and modal analysis[J]. Journal of Vibration and
Shock, 2016, 35(2): 69-75. (in Chinese)

[18] i 73, MG, 54 2% 1. 2 T Virtual. Lab A% %4 7 22 8 5 &5 24

20220849-13

A B LS 20 AT (9] B A0 2 0 SRR 5 241, 2021, 53(4): 537-
545.

HE Ligiang, WANG Peng, HU Xueman. Modal analysis of fuel
pump regulator structure based on Virtual. Lab[J]. Journal of Nan-
jing University of Aeronautics & Astronautics, 2021, 53(4): 537-
545. (in Chinese)

(4. L8FE)



	1 分析流程与模型输入
	1.1 模型分类及分析流程
	1.2 燃油压强主要作用区域筛选
	1.3 基于Polymax法的系统阻尼标定
	1.4 结构加速度载荷反演
	1.5 基于LMM法的流固耦合振动原理

	2 实验验证
	3 声振特性对比分析
	3.1 模态差异评价
	3.2 振动响应差异评价
	3.3 声学响应差异评价

	4 结　论
	参考文献

