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Tab.1 Main parameter settings of magnetic circuit model
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Fig.2 Electromagnetic actuator structure diagram
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Fig. 3 Design diagram of magnetic circuit of electromagnetic

actuator
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Fig.4 The relationship between the output force of the

electromagnetic actuator and the current
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Fig.6 Normalized dynamic force amplification factor with

frequency change curve
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Fig.7 Theoretical model of rubber hydraulic mount

X (7) R BCHE AT, ol AR A .
Fo(5)= Ty (s)e(F.(s5), F,(s))" (8)
R (8) al Al L H F (1) R T Eah

0 —I;S—R,; 0
(A,—A,)S —1 0
—A,S 1 0
—(m,S*+C,S+K,) 0 0
C.S+K, 0 C,S*+K,
0 0 (M S*+C,S+K,)

VR EE A M N SR S R TH AR B RE . Y
% B] Vo AUl B 15 P S T BH K, R i i 32 3
P i 7 ok BK B R AL, f R R Y ds B b R E R
B BEAR T RGBSR By 1k S A AL R B A
A 80T AR B o 3 A RO AR — 2 S
T 2 45 R X FL G T A OO
A T ERER T LIRE, L T REE%E
o A5 YR A A 3 3 9L B e e N O R
Pp(t)=pa(1)=1Q (1)+ R.Q(¢) (2)
K p (), pa()FTAR L FWERME;Q (1) FR
5TV 38 T PN U A 5 T 3R M R MR ERAE T
TGRS T A N R R R B . R X L
R E AT AR B R
I ()A, —Qi(t)— 2. (1)A, = C,p.(1)
Q)= x,(1)A, = Cypalt)
Ao a2, () N AR AL RS 5 AL O ff R RS AT T
3 Cu Co g il o b U SRR BN o % T 32
Bl W Ak A A R R H AR D B 7 A
T, 0 H e Pl B AR AT AR Bh 1 2 3 AT
F,()=ALp.(t)=ps(t)]— K2, (1)—
C.z.(t)=m,z,(t) (4)
K F, () FRom Egh#Ed 41, K, R8s KAk
Il BE , C, 3R 71 fff #8 BEVR BEL L om, 327 B8 O AR 0T 2 . it
Tl A% 366 380 5 A () 41 2y 3 W] AR OR Hy
K,x,(t)+ C,a,(t)— F,(t)+ K,x,(1)+
C.z,(t)—(A,—A)p(t)=F. (¢) (5)
Kb K, C, o5 %R ZFHNEFMBAE ; A, %R &
AR 2, () BN F (1) N AL 8
J1 o B X e T AR
F.(t)+p(t)A, — K,x,(t)—
C,2,(t)=my,(1) (6)
AP oy BT
UL B M, RS BT UEIEE. (1)
5 F, ()8 AFRF (¢) %8s A i b R 45
B2 (2)~(6) oL, SR AT hr 8 A8 46, 1521

(3)

X.(s)

1 —1 0 0 0| Q)

C.S 0 0 0 0 ||X.(s)

0 CS 0 0 0 ||P(s)
—A, A, 0 0 1 [l ps) =0(7)

—(A,—A,) 0 —1 0 —1||F(s)

A, 0 I 0 F.(s)

F,(s)

Wil 1 F, () FR 0 Fo (o) 9 eR 2, i 5 3 8 U &
BATN F, () BRI A R Fo () 15 388 5 5
JE I F) o Z8ad PR R R AR B B A A A S R



420 & o T OB ¥ R 55 35 %
BANFE 2 Fr 5 o X T R A R P BE AT I, A Sl DX T 9 Sk 0 0 R R DS B TR AE T A

FI) AL 356 pR BN 80 25 F1 K R B (I B AL 3 1/ a0
ikl S £k, s S F 9 Fs .

x2 BEIESHEEBER

Tab.2 Main parameter settings of the model
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Fig.9 Test curve of dynamic force amplification factor
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Fig. 10 Distributed multi-channel modified decoupling

algorithm
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Fig. 11 Active and passive hybrid vibration isolation experi-

mental platform model
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Dynamic characteristics and algorithm of an electromagnetic-hydraulic

active-passive vibration isolator

ZHANG Qing-wei'*, YU Xiang’, YAN Zheng-tao*, YANG Li-hua’’
(1. College of Power Engineering, Naval University of Engineering, Wuhan 430033, China;
2. College of Coastal Defense, Naval Aviation University, Yantai 264001, China;
3. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033, China;
4. College of Intelligent Manufacturing, Jianghan University, Wuhan 430056, China;
5. Power Control Department, Navy Submarine Academy, Qingdao 266199, China;
6.Key Laboratory of Noise and Vibration Research, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Since low-frequency line-spectrum vibration exists in ship mechanical equipment, an electromagnetic-hydraulic active-
passive vibration isolator is designed with an electromagnetic actuator and a hydraulic suspension structure. The composite vibra-
tion 1solator uses the output force of an electromagnetic actuator to suppress low-frequency line-spectrum vibration. The hydraulic
suspension structure isolates broadband vibration and enlarges the electromagnetic force. It has the advantages of small footprint,
large carrying capacity, and large output force. The electromagnetic part and hydraulic suspension part of the composite vibration
isolator are modeled and analyzed, respectively. A distributed multi-channel modified decoupling algorithm is proposed by consider-
ing the channel coupling vibration to ensure the convergence of filter weight coefficients. A multi-channel active-passive vibration
isolation control experiment with multi-line spectrum excitation has been carried out. The results show that the active-passive com-
posite vibration isolator can achieve an average attenuation of 35.12, 39.51 and 38.35 dB on three line spectra, and the control ef-

fect is significant.

Key words: active and passive composite vibration isolator; electromagnetic actuator; hydraulic mounting structure; modified de-

coupling algorithm ; multi-channel multi-line spectrum
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