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Vibration control of pump duct based on macro fiber composite

WU De—mu, YAN Bin, WU Wen—wet
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: The pump—jet thrusters produce structural noise during operation.The pump—jet propulsors made
of conventional materials often have heavy structure weights. And in this case it is difficult to balance the
stern weight. The use of composite materials in the pump—jet propulsor structure can not only greatly reduce
the overall weight, but also have good corrosion resistance and fatigue resistance.Focusing on the vibration
control problem of composite duct structure of pump—jet propulsors, this paper presents the research on ex-
perimental modeling, algorithm optimization design, hardware platform construction and test for MFC—~based
structural vibration active control system construction and verification based on macro fiber composite
(MFC). The genetic algorithm was applied to the optimization design of linear quadratic Gaussian (LQG) con-
troller, and the control effects of the algorithm before and after optimization were compared by experiments.
A model identification platform and an active control test platform were built for the composite duct. The con-
trol model was obtained by experimental modeling method and the active vibration control test under harmon-
ic excitation was carried out in the air environment. The research attempts to push MFC—based active vibra-
tion control method to application scenarios.
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Tab.1 Structural specifications of composite duct model
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5 FE TS R4 =8 8 Fig.1 Picture of composite duct model
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Tab.2 Material properties of composite duct model
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Fig.2 MFC pasting on composite duct model Fig.3 Outer skin of the composite duct model after mounting
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Fig.4 Control block diagram of LQG algorithm
VR B i, LQG S il 75 vk 4 F AR 2 die/ M A sRECEMERE SR AR , DR A U s B 3
AR i SR A B ZUORERIA IR A, B R AU Y E bR R Rk

1 ¢y " -
J(u)zafo[x(l)l()x(tﬂu(l)'Ru(t)]dt (1)

X, Q R R AR A, R A ARG 2 (0) Rl (0) 23 BIAIRS MR AR G MA . BE
FEAE ) BRI K, D0 2R S (RS R 15ty

u(t)=-Kx(1) 2
PER, A RS 25 T LU K = R BP (1) 45, 2o P (¢) U0 F Riceati 7 FEAfiR -
A'P(1)+ P(1)A+ Q- P(t)BR'B"P(1)=0 (3)

A, AT B 53 5 A RS 25 18] J7 R v %) 28 S R I AR 4 o LB

BT AL A LQG #7125, R st A5 5018 5 i 4 1 O vk LQG A S &, R 35t 44 B3 15 %)
LQG il 25 AR sRECT Y Q SR AT Ak o 145 S 05 HE AR IR A5 R B B K, Bie 4R T LQG 144l
VERE . QBRI IPIRAS IR AT AR , X A 28 A o0 X BEIR A i) v (g — B, RS R B, @
JELIE 1) BT DR S 55 S R B — B i 3 BE I 0L

HFOH I 6 4E AU Q = diag (1,95, +,q6), R = 0.001,% ¢, €[0,1 x 10°],ie Z' Hie[l,6], %%
BAEIES RN 3 PR .

x3 BEEESHILE
Tab.3 Genetic algorithm parameter setting
AEH R AL AREL Rt 28 AR 5 A
40 100 0.95 0.7 0.01

W BE A A AL R AN T S T B S A T AE Q AR A AL A8 FR it it v 3 7 B 1 R

AT AL I B . R AT LUE st e ARBGA ) 25 1R 2 5, Fllie 25 A Th) 110 338 7 82 748 1k 18 28 0




292 AR 712 29 21

AN A S BB E T E L . K T R P 1Y Q 4 RS AR A LQG s 2, 38 53 f#% Riceati 7
FE T LAAS B e g i I 5 i 184 25 S B0 B K
256 2107
2.54 -
252
o
w250
;1
1 248

246 -

244

0o 10 20 30 40 50 60 70 8 90 100
EARTHL
Pl 5 3l 0 2 A g A ot Al i e

Fig.5 Genetic evolution process of fitness
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Tab.4 Parameter setting for model identification
REEBNE FORFEEE BUESRE MESEER WS
6 51.200 kS/s I 0~10 000 Hz g

2 R YRR E S R A B HICIR S 23 AR R Uy R SRS s MY ) A B R 458

MFE[A, B, C, D153 51N

[-104.84 -2085.5 0 0 0 0
2085.5 —104.84 0 0 0 0
A= 0 0 -4929.9 -8524.1 0 0
0 0 8524.1 —4929.9 0 0

0 0 0 0 -776.48 -8512.5

L 0 0 0 0 8512.5 -776.48

[-0.0117 0.0071 0.0385 0.0098 -0.0179 —0.0008]T

B,
B, =[-0.0164 0.0160 0.0197 -0.0376 -0.0138 0.0046]"
C=[-03064 02189 0.0969 -0.2359 0.0560 -0.0171]

D=[0 0]

R G UEPER L A RO | X 2R GE RS R RN S A5 S AR (] A it n S b A 5, %o L E g i A
o SRR G AR AR AR B AR R R AR R I B S T R AR B
B I B DL S B A5 S 9T 0 s . BRI ] Matlab R4 780805 B, AR R AT PR ALY
Mo L7 e 1 o 1 B PR AR S, 43018 25 Hz B9 IE 52455 #1120 Hz 5 30 Hz IE 9% (5 5 & s 82 &
WA BRIEIIN 1V S5O0 LAY e 1 55 S A R g iy 25 5, 4N /81 8 I/ o



294

FiHAR g2

F29 &5 24

0.015 T T T T T T T
— AU
SRR L

0.005
]
£
N 0
=l
-0.005
(N
.
6 0.7 08

o0tH U O O UV VU U VU U OUOU

(.

. . . . . .

0.1 02 03 04 05 X
i) /s

(a) 25 Hz IE 5215 5140l

L L L L L L L
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
I i) /s

(b) 20 Hz 5 30 Hz & WA 5805

P18 BRI SC R R R 5 5 4 b
Fig.8 Comparison of response signals between identification model and physical model

Xof LY A L e 7 45 2R TR, B RURE R 5 S SR ey RO A5 FUM 4 2 SRS TR A PR R 5 2R L A

W, T AT IR S0 AR A R T
4 EEMHSERNEIEHIXE

4.1 =5 Rzt

B RGBT A BOARREZR R AN 9 o o BEPE R Gl X 8 (5 5 AR IRIR B 2R 58 e RIO F7]

P TR R R PC AL . P R G TR R A
N A AR AE N RIRBNE T, PR IE(R 5
1R RS 2 AR R A AR AT
BR AL PR P A RS R Rk AT . I
2 AR 22 D A TOR A% J5 3R 8l MFC P A= 4k 5
REERIE . EAHAS BHEZ 5G], KA
Bl 4 SRR A

A R G RO AR P SR P B, AR ]
NI CompactRIO #E il #% . F| FH CompactRIO H1fY FP-
GA P me 1 1% $R A B A1 Real-Time SE R/ SR,
SR ARG T BB AR T AL B S R R

[m—————————————-
|

| Pe | e R

. kAL | :

L ___ e __ WS RE RS
Tﬁﬁ%fs‘i%ﬁﬁ | v

r-——-- 1 |[ rema ]

| cRIOF il 2%

|

|

: PEYE

| Hehbr i

|

| ,_v

: N

e e —

Ko BEPF RGBT R

Fig.9 Schematic diagram of hardware system design
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Tab.5 Parameter setting of vibration active control test
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Fig.14 Response of the observed points under 20 Hz and 40 Hz compound wave excitation
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Tab.6 Effect of active vibration control of composite duct model

. efas AL i A AT N ARE
" 3% B /mm Bt 4 5 /mm iR I /mm HHR (%) HIHR (%)
20 Hz B4 0.0059 0.0028 0.0023 52.80 60.60

40 Hz 545 0.0111 0.0054 0.0043 51.43 61.65
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k6
. ek AL R AL Pl AL AL
n 35 05 /mm 4% 8/ - B /mm (%) (%)
20 Hz+30 Hz AU 0.0134 0.0073 0.0063 45.88 52.97
20 Hz+40 Hz XU 0.0112 0.0073 0.0064 35.18 43.00
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