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Abstract: To study characteristics of ship propeller—shaft-rudder—stern coupled vibration noise , unsteady
force derived from integral CFD calculation was used as excitation force, and loaded to finite element model in
the form of distributed load. Combined with modal superposition and acoustic boundary element method, a nu-
merical method to calculate propeller—shaft—rudder and stern coupled vibration noise was established . The analy-
sis of vibration response results illustrates that the influence of working condition to vibration response is more
obvious in lower—frequency spectrum than that in higher—frequency spectrum. Frequency of the maximum vibra-
tion response amplitude is influenced by structure characteristics and excitation resource. Propeller blade has the
maximum vibration transmission loss in propeller—shaft system . The comparison of different model’ s propeller
blade vibration results illustrates that propeller—shaft model is more practical than single propeller model be-
cause of its closer results to propeller—shafi—hull model and simplicity . The analysis of vibration noise results il-
lustrates that vibration characteristics can be reflected by frequency spectrum of vibration response and sound
field distribution. Total sound pressure contributed by hull vibration accounts for above 90% while that of propeller

blade is only about 1%, therefore vibration noise of hull should be considered when predicting propeller induced

* FREHE: 2019-05-21; fEITHHEA: 2019-07-15.
BEE&UHE: HEXARPEEE (51179198),
EE®E T B, WAk, TSRO AS) SRR, E-mail: hgxuye@163.com
BIREE: B8 8, WL, #d, OPRSECIEINRSh B . E-mail: xiongying0920@163.com
SIAm: fx BF, BB B, W BC. MOIRRMIE SO AR SRR S R Sk BB SE ()] EVEROR, 2020, 41(4) 1942~
950. (XU Ye, XIONG Ying, HUANG Zheng. Numerical Study on Ship Propeller—Shaft—Rudder—Stern Coupled
Vibration Noise[ ] ]. Journal of Propulsion Technology, 2020, 41(4):942-950.)



WAl 4

A 2 T L S A MR8 3RS 3 i 3l e A (L 5 943

vibration noise .

Key words: Propeller; Vibration; Noise; CFD; Finite element; Modal superposition method; Bound-

ary element

1 35

A0 M Py AL BRI K Bl g W R AR e
BT o AL AR 25 B T B S BRI
JO7 A A5 T2 ML A5 HIL A 350 4 A BILA MR 75 45 31 1 A S8R
) 5 A ARG T S8 AT IR 7K Bl g M R DN ke i R
W P[] REOT A o o R RO AT A D o R
i@ 2 75| S ) A S MR Pl e R IR R R IR L 22
R IR S BRT TRE R e R AR E R
0 Aol R O AR AR S 5 R A KT R R R
2 PP 1) DN G 45 R 24 2 WA U 0 RS 30 11 MR 7 2
AR TR, 33k Tl MR GE R 388 Dl T 2 ol A B A A R T R 5 I
2y 5| 36 A9 7K T A T R P R ) 240 A A R A S —
A0 AT R 51 I 82— o % MR GE 262 38 Dl 2 P e % R
VA AR A IR 3 7 R A R AT TR, nT A A A
RBES A H T LB AR . N Ah R
BEXTZ R TT & T R F ST, SOk [ 2-3 3 57 1A
A TP AR IR A A A RO Y, SCRR [ 2] 25
BB R 1 R GRS WA, TR I LR iGE 2 ik R
J3 FTE 3 UL B FE WL A SR U 5T AR
FR 4R B0 W) I, 5 0 5 HR 4 X e R T, T SRR R A
e 5 SCHRL3 00 43 390 T 55 1 S5 AL AR E 2 8l - A 1
14 IR 20 1 328 BRI KR, 2 AT T P IRl DR | R A A IR 2l Y
2RV . Lee S5 Mfd ] CFD 1345 BIMT S 25 0 1R i
BAE AR B S K S ) 3R TR R K S
A8 T O e ik Sl me R A 4 R A S, A I8
N« O AR AL 22 B 73 A S0l T A48 SR Al /0N 3 i a5 38l
THE G5 A K, I e T 5 08 A AL 22 B W 1Y o A
PR AT o SCHR[5—6 - 57 1 /N 7K 2k ThT XA iy 2 -
- AR 5 AR G AT BROTREARY , 29 5] ok A 2l 1 P 4
SHRRVETT R T WF5E . 220 2TV ST A K MR S Y
M & P T H 7 i, 20 i DU PR AR 2 R TR 7 BB B
LA R IRE 2 B0 Tk 2l T g R 3 e S0 R R R0
AR 2 10 B T P PR AR D K Bl 7 R IR LA IR
2y Y5 R e M R R T T = e R R [ A
A R R A T A S IR AR S e
R4 i) B R

TR 5K 2o T R LA 4R R 3 B T =
A, R I Wi R 23 A 09 5 9 L X 5 5 P R 3R Al R
T3 R F7 FURE T 00 38 R 1 AN 2 07 AR R T

T

T L X T B 3 A A0 AR 25 i Sl 1 P A F 5l
DR G IR TR A A 2 — B IR A S ] B
Xf PL LR TS BUIR 7 3C L BEBUB A S 9F 58 %k R, R i
R IRIE B A AE BEAT B R CFD IEE 15 B AR E IR
i@ 2 R T ks TR AU T, o A S 0 IR D
A 2 A 9 O 48 T 3 b A SO R TR AR R 4t
ARITER E RIS S IETTE TS R25WM
SR 3 4R Bl WE N, SR AR R ROTIE T TR S R G
PRBNME R oA 1 AR B WIS AR R S A R R

2 HEFERATESREIE

2.1 CFDtE

i B2 A CFD SR 1E CFXOW s 3 fie 7k 3l g v ik
PEATBE AR TT AR . ORGP AR T B 2 T X N-S 5 R SR
it AR Y g i R, e U AR AU R AR E R R
45 N=SCURANS) J5 ¥ o N>R il di U 07 12 , 7 B %
A A A i AR Y L A e R A A ) R, AR SO
JH B i I B By 55 15 ) % 38 (Shear—Stress Trans-
port,SST) k—a HE BRI %A B AE UT BE [f] [X A BEUF 1A
JE RV R AR E T, FL i Vi VK 3h s RE (k) 7 R A

dx dx

J

B ) B ok -
*(pk)+g(pkui)= {rk }+Gk—Yk(1)

J

t
firt Ui AE HEEAE R () TR

% (pw) + ~— (pou,)
e w wu-) =
atp ajpu’
(2)
J Jw
r, +6G,-Y,+D,
axj ij

P, G, Ry ER P 2 B R B0 kY e AR T
G, N oW BT, LA, ko M 8, Y, MY,
H ko BB, D, R 58 SR

AR SCUF SR ICR P AT B A Bk R AT 8, T A Rl
a3 SR F 4 65 K Ak 7 T A A 3 R TS — J2 A% T
YR AR RS BE y+<100, Sk Kb B IZLUSE 42 1) e B ) 180,
THIR I8 53 Ry Lk ORI B 8, SR FH RS I A 7 1k
A7 AR & B T3 BE % S AR A G T R B0 B i 2 B
HP ORI S s = [R) 38 S T A O A A 22 Bt
T b A A 8 o] S A (AR . X T AR RO A
B4 R T 25 K, AR i SOk [9 ]/ 43 BT LA 1A O R e 2
JE e 4o/ X T TR A 18 1Y o

¥ UEAR 3C CFD i 5577 % 14 ml g 4 2 BOPR 52



944 ot

/N 2020 4F

KCS fify & KP505 #87ig 2& (U 280 5 T80 Sk 5
BOHE WL SCHk [ 10-11 1) HEAT B AR T3 3 F 5 1 B 1) 25
KH3.6°25 , I K MR BE T R, SR e HE 1 RBUK, T
J AR EK, 0 A A R 580 HE AT X E
FUFOR, T F WA, BTz e T
JIHY - BAA Tk 56 0E A s F T iR R TR o
PRI D 4118 B2 5E 2% (LA AE i S 80 3 F 5 T I
T KOs UL Sk [ 12]) i xk & 5 HoE = R AR
Yy b i 1 T e A Q A I A A 1 R AR B TR] 25 K AT R
3.6°00  TH A5 R 5 IE A X L n gk 2 R, R
AR SR A, - R, T Y AR
U, AL A SC CFD 353 7 g PR F 1 ik

S AR

Table 1 Comparison between numerical and experimental

result of R, K, and K|,
Numerical ~ Experimental 81%
RIN 87.75 90.00 -2.5
K, 0.1656 0.1703 -2.8
K 0.0290 0.0288 1.4

Q

Table 2 Comparison between numerical and experimental

result of thrust and torque amplitude

Numerical Experimental 6/%
T 0.4616 0.4405 4.8
010 0.3477 0.3618 -3.9
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Table 3 Comparison between numerical and analytical

result of the shell’s natural frequency

Natural frequency/Hz

Mode 8/%
Numerical Analytical

1st bending 5.2 5.1 1.96
2nd bending 12.0 11.7 1.67
3rd bending 20.0 19.5 2.56
Ist longitudinal 222 22.5 -1.33
4th bending 26.9 26.5 1.51
5th bending 2.8 33.0 -0.61
2nd longitudinal 45.7 45.5 0.44
3rd longitudinal 70.7 68.5 3.21
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Fig.1 Comparison of experimental, analytical and

numerical result of the shell’s noise
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Fig. 3 Distribution of fluctuating pressure monitor point
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Table 4 Distribution of vibration response monitor point

No. Location No. Location
1 Front of stern 5 Front shaft bracket bearing
2 Hull above propeller 6 Stern tube bearing
Midpoint of blade .
3 0.75r chord 7 Thrust bearing

4 Rear shaft bracket bearing 8 Center of rudder blade
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Fig. 10 Numerical results of propeller shaft vibration response
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Fig. 13 Vibration mode, vibration response and sound field distribution
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