412

BREFAEIFLEHFETERZIME RS

Ok
(LR T ARERE 47 R T 51030052, AEE I T K% LIRS IR G TR%EBE.) &R M 510641

RO I0) V- T8 5 A PR vk S AT U AT S W A LSS T SRR DL R N R R R A B . A R T
SR G AT R & IIE T %R A A BA RITHH R Ik BRI T AR 2 s o A i 0L . REZ B S 80d
VAT 25 B A e X A5 A5 S T AR ) A A e A BCURR B A 80T E T AR B R VR A 2 B W BE W A XA BRI
EURCE SN

KB R ERTE s AR PSSR - TR S A R OT T s R B S

hESES . TQ336.412;0241. 82 MERARES A X EHS :1000-890X(2015)07-0412-06

2015 4F%6 62 4%

W TS B T 2R PR R SR S AR Lk
SV RE A BEA L SCHE N T A TR AR BEL e AL 1Y
iz B R Z2 B R A O 1 IR 0 A O PR A R
BRAEN o XFPAEL M ) 2 PR MW R TR
FAR G BT & W BR R 20K . 24 2 BRI KR R
ORI B RS 4R AL I BE AR BELJE M T 08 T
P T 66 TR w2 A 1 A - A 8Dl 3 o B AR A 3 1)
B0 3245 77 5 1024 52 B i 0/ IR 0 I B Y
S KIEE ARELE AT B A1 A 28t /s 1 30 7 8
5 7 B R B A A R B R

LA AT X T e 2 52 2% 9 Al Sk e 1
BEAT T A G ST SR T B 88 73 A7 7 3 LA %
B ZHAE S B LUK ) - [ R A BROT
SENT T T X e Ty B AE N A R R
P 26 JRy B B Wi s o AN R T IR R GEBE 58 R
PR ILEL a6 VR R A B e O
JE 32 NI ZE 0 5 N e U8 TG 1k S0 s 58
S B A R e A R A 0 A D TG RE
I3 FEANREAR IR R U A 2l LR A5 R AR AR S 5
R AR 2 A 2% AR AR ) N A (8 AR 5 A 1)
T 11 R A R G 326 0 980 T Ao 25 80 28 R P 0 00
JEA R i = S

AT LA £ 7= AR 48012 L A9 A 1) 28 3

EE&TIB - EHRAREHILESEBW E (51305085)

EZ B 22 1980—) . 2, P KA T R B T B 3
b S T e i S A YN SR T B VS T ol B s N R )
TAE.

JEFE AT TN R R ADINA - 65 {1
F18 0L 15 948 - [T A 15 A BROC 23 7 07 3 o o 9 s A 5 1
Bl SRR LR AR A R P AT 2R A TS A
)26 TR A~ B B S B0 WUT AT 3l 25 5 1 1A
DA B35 i B

1 ZEEEEHESR DSHFENERITITES

R B AT S LA 1) . 52BN E
HANE B Ak 25 5 7E — R AR e 0 5 TR a7 % b %
SCPEAE L AR I F2 BRI BT A X B A T
PR B £ R s 2 32 SRR VR P B A T
T 3 R P A PN Bl 7 A R RS RN
it e . AT AT E ) e A R oT A
B, hy dkt G Y8 2% AR 9 R L T A AT AL 4 25 40 AR B
RIS R M5/ JRy R 46 4 . R A 22 [ 4
FNR A BRIT 153 f A 20 43 1) LIl 1(h) Al (o),

[P A A AR v 5 S8 R 42 fi A9 B T S SRy [V
G . ] 2 B Mooney-Rivlin i 5% 14 A< 1 #5
TR AR AR B A} 5 W M ASE TR 5 [ 4 ke 358 4 2
hy Y- TR B T VRS ] PR 4 5 W A e 1 L 3 S
R R IB7 3 N R N T W R
1.1 ZEEEEHESRSHEETESN

FRAS R 20 BT B 7 1R A BR o0 A% A DY 45 e
PN Y N R 2= R R A = X | DR (S A
FEAT AR ] W2 () 3 5 (E 55 3 00 (B X Lh 235 1 L
B2, ME 2 W RS IR R 2E R,

P 3 Ca) Ay 1 A A5 780 g ) 4 25 JE 175 100 - 1813 (b))



57 M BURATE AR R R T S R X 2R O 413

(a) 454y

(b [ A A B T A A

)

(W RAT BROC LA
B1 #ZEEREHE

J1/kN

fii#%/mm
O— 15— — 5.
B2 BREHMECEBREFRTHTEER
IR [ AR 1 mm B A P9 T 4 A
O AL S A o el B3 AT UL L AR S PN A8 BT 52 A BB IR

() AR AR I 7R 3

. NODAL_PRESSURE
 TIME 0.0005000

i E 0.001667
= 0.001000
= 0.000333
Ero,oonxss
{ — -D.001000

0001667
F 0002333

(b W A B0 FE g A
B3 BEHESHSEEGERIITST

il P 3 Ao YR A% 33 25 M 5 SO I SN R
FEEEMATE .
1.2 ZEBEREAFEDSHETESF

TE AT B A5 R v B G T i  AE [AR A
B O AR 80 P A8 35 1T N PR R 4 0. 1 mm (9 42 7] 3
U5 SRS AR A HL VOIS e A1 1 YA BELJE R
WA 2h S A BROCH 45 R 5 45 SR Y
XFH LI 4~5. B 4 F S AL S iR
HEWEA .

6 R 42 60 Hz B 5V 5 P9 JE g 4%
5 BT TR AR 40 HLz A 18 38 0 P A

2.0
—~ 15F
I
£
Z
= 1.0}
=
=
= 0.5

0 20 40 60 80 100
%/ Hz

O—hEM.— —REM; PRI H 0.1 mm,
B4 BREAEDINETELER



414 B

T 2015 4F%6 62 4%

0 20 40 60 80 100
i %/ Hz

5 REVHEFRERITHEER

250

—125

—250

0 0.02 0.04 0.06 0.08 0.10
By 1] /s

ZEWE . —AWERIEHN 0.1 mm,
BHoe AMBREENSH

0.030

0.015
£ N
B 0 §
& =
b=
—0.015
0.2 ‘ ‘ —0.030

0 002 004 006 008 0.0
HFa] /s
— B A 3 A R R IR 0.1 mm,
B7 BEEEH@EETW
T AL S AL . W B 6 RN 7 AT UL R b G
A1 A PO 2 T g 8 A IR i B4 W L T F
LR A G 3 ) 2 7 ) 5 0 B 1 5 T A I

2 FEEBEAENTHENRZIMERSN
8BS RO HR B8R WU R BB S

L5 JUAR] R AIE AH OG5 J2 5% 0 R o) 42 30 25 e
B FEZR R . A SO R E A E S S
PE LB A BT S PERR IR AL IR TR R T R
£ S HO T A 22 1 B8 1) 52 i) R A A2 b 15 L
S3HTIE . HAE T A SR A S e A AN
SRR A BAE R .
2.1 EHYFEEERAY

HRAZ AR B e M HT I AR 32 5 A I 5 W
= N Bl HAE 2R LT 28 . 1% 2 55 00T AR
JITHE R B R FRAE T VR N TR R B AR Ak
T AR ZE TR AR AL R A B A R 5
M G &l 8 it . R R 8 Al UL VB A £ 3l I EE AN
T J AR B O 2 A AT R B R K
1117 21 W B2 R I £ 3 B A R DR B AR K. 3
J2 BRI 2 A A R K HE R AR R R A
R 15 3 PR A2 Bl RE I R L e ) U Bl 3
RSP

4000
=~ 3000
£
g
Z 2000t
~
™
=
B 1000}

0 20 10 60 80 100

S % /Hz
() Bl NI

i e /(%)

0 2‘0 4b éo éo 100
$A/ Hz
(b J& A
+—A,;[0—1.2A,; A—1.54,.
B8 EHEEMREAMNRKEHSEERNZMN



57 M BURATE AR LR T SR R N 3 415

2.2 RERERHUD

B9 7Rt T T s AR R HOE A X W A B
AR LA, BB 9 AT, BT R A
8K T Aot 2 S I RV A 1 W (AR K, 0
H AR AT T B . X R TR R B T
VERLIL  Jot it 150 M 28 505 e 7 107 4 3 3 N R A B
JEHLAL 1 F i 45 %

2000

1600 [

1200 -

800

SR/ (N-mm ™)

400

0 20 40 60 80 100
4%/ Hz

(a) By Wi

i Ja /()

0 26 46 60 éo 100
A%/ Hz
(b & f
A—I; X—1.21;;]—1.5I;,

B9 REEUERHTANRESESENTZN
2.3 ERRAEK,)

T AT = AR RN B 4 = B R B AR b
TSR AR AL, AT FH R R AE W % N R 5 AR Ak B
HLARFUR i % X ) R . (AR N 38 A8 Ak X6 i R A
EPERERY S T WL IE 10, i & 10 v 0L, B A AR
WO 348 K 0y T B 1) D (B B o A0 {8 3 K Wi
J& FRVGEARLIE R, W fH o B AR T i
2.4 KRR (B,)

T Ao 2 2 A R M B A FRURZ ik B JE 19 22 4R 1%
BOULE 1, f 1 AT SRR S LA R
S A 30 08 430 3 A RRURE I RELJE 1) 3028 I AN

3000

2500 -

[\
(=3
(=3
(=)

15001

1000 -

BWIE/(N-mm ™)

500 B

0 20 40 60 80 100
%/ Hz
(a) B [ B2

0 2‘0 46 6‘0 8‘0 100
%/ He
(DY fi
v—K,;O—1.2K,; Xx—1.5K,,

B 10 AR R R T 3 A A O BT
U, PR KT 50 Hz 5, o £f Bl & A B ik
RELJE ) 35 K T s A3 48 K
2.5 REMERREERD

it 12 FHJE R 028 Ab X R A 25 1 B 1) 52 g
K12, ME 12 70, i AT 0 B 8 R PR
it 18 BHLJE 2R 500 38 0 32 W 9] o

3 &ig

(1R A B IG5 36 X 42 1) R 90 6 4 22 1
BRNE S FERIAT THHE S MRS RS
RIGLE BV A . A BRICERS J1 2% 50 Bt B B
T WA B 2Z T 5 28 T 00 DL K N B A T g 4y
A1 B0 s 45 BR IC 80 25 T 2 Jin 3 52 B Ml R e TR
fob 5 Y 25 PN R 7 LA BB 3 S PR AR S T B B 2
AT I AR PRI B o 3R TR Ao 2 U L B R i A
MBI TSR AL T AR

(2) X WA 22 B ) 2 AR S i B R I A £
L RSEAT T W o R . b R4



116 B

2015 4F%6 62 4%

2 000

1600
T
=
g 1200
Z
=
= 800
=
R "

400

0 20 10 60 80 100
B2 /Hz
() BRI B

60
T
&
Iz
S

0 20 40 60 80 100
A/ Hz
(b i J5 6
A—By;O—1.2B,; X—1.5B,,
11 FFREKIE R TR ERE SN
B Bl 25 R PR X A AT 2 T AR AR Ak B o BURR Bl
S50 FE TR AR W 184 K M AT B s W2 L S A 4
AR R BE 1 3 4 5 VR A B s A S W A S
152 W 2 VR 32 8 A 1) 52 o A A W I 5 R ek
7B By W B8 R S R 18 W L LA R WA 3 A T 3 A2
5T 1 308 15T 1 AR BIORT BHLE 3R B S Bk

S0k

(1] B o, b, v 42 8 40 45 R W e B sh e vk il 5
TR R 3 5 ehi . 2007, 26(9) : 7-10.

[2] Arzanpour S,Schubert B, Golnaraghi. Dynamic Stiffness Con-
trol in Hydraulic Bushing for Vehicle Engine with Cylinder
Deactivation System[]]. Journal of Vibration Control, 2006,
16(3):59-67.

[3] Arzanpour S, Golnaraghi M F. Development of an Active
Compliance Chamber to Enhance the Performance of Hy-
draulic Bushings[J]. Journal of Vibration and Acoustics,
2010,132(41) :1-7.

[4] Gil-Negrete N. Predicting the Dynamic Behaviour of Hydro-
bushings[ ] ]. Shock and Vibration,2005,12(2) :91-107.

2000

1600

1200

ZhWIE/(N-mm ™)

400 -
0 20 40 60 80 100
A%/ Hz
(a) B W
60

a1 /()

0 20 40 60 80 100
il /Hz
(b ¥ J& fh
vV—Ri;O—1.2R;; X —1.5R;,
12 REMRRHTANEESERENZN

[5] Brian Mahnken, Matt Borgerson. Application of NVH Coun-
termeasures for Cabin Boom Isolation Using Hydraulic Bush-
ing and Silicone Tuned Mass Absorber[ AJ]. SAE. 2006-01-
1681,2006.

[6] Svensson M. Hydrobushing Model for Multibody Simulations
[D]. Lund,Sweden: Lund University,2004.

[7] Lu M, Ari-Gur J. Study of Dynamic Properties of Automotive
Hydrobushing [ ] ]. Advanced Vehicle Technologies, ASME
Proc. ,DE.2000,106(8) :135-140.

[8] Christopherson J, Nakhaie Jazar G. Dynamic Behavior Com-
parison of Passive Hydraulic Engine Mounts. Part 2. Finite
Element Analysis[J]. Journal of Sound and Vibration, 2006,
290:1071-1090.

[9] Truong T Q.Ahn K K. A New Type of Semi-active Hydraulic
Engine Mount Using Controllable Area of Inertia Track[]].
Journal of Sound and Vibration,2010,329(4) :247-260.

[10] Shangguan W B, Lu Z H. Modelling of a Hydraulic Engine
Mount with Fluid-structure Interaction Finite Element A-
nalysis[J]. Journal of Sound and Vibration, 2004,275(1)
193-221.

[11] Shangguan W B, Lu Z H. Experimental Study and Simula-

tion of a Hydraulic Engine Mount with Fully Coupled Fluid-



57 M BURATE AR LR T SR R N 3 417

structure Interaction Finite Element Analysis Model [ ] ].

Computers and Structures,2004,82:1751-1771.

[12] Zhang Y Q,Shangguan W B. A Novel Approach for Lower

Frequency Performance Design of Hydraulic Engine Mounts

[J]. Computers and Structures,2006,84(8) :572-584.
[137 Z= k. W Aot 2 3 25 R 1 S T T R L4 8 2 A5 R o A
WF9E[)]. #8805 a5 .2013,32(22) 1 183-188.
Y s B3 :2015-01-02

Nonlinear Characteristics of Hydraulic Bushing and Influential Factors

LILin"*
(1. Guangdong Industry Technical College,Guangzhou 510300,China;2. South China University of Technology »Guangzhou 510641 ,China)

Abstract: In this study, the static and dynamic mechanical characteristics of hydro-bushing were

studied,and the fluid characteristic in hydro-bushing was analyzed using two-way fluid-structure inter-

action nonlinear finite element analysis (FEA). It was found that the analysis result of FEA was in

good accordance with the experimental test result,and this method directly reflected the movement and

distribution of the liquid. The change of the dynamic characteristic of hydro-bushing was most sensi-

tive to the equivalent area of piston among all the lumped parameters. With the increase of the equiva-

lent area of piston,the dynamic stiffness and lag angle were greatly increased.

Key words: hydraulic bushing;nonlinear dynamic characteristics; fluid-structure interaction FEA;

lumped parameter
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