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Abstract：A new isolator composed of a steel rope spring and a magneto-rheological(MR)damper was

desi印ed锄d a snldy 0n low-f．requency mechanical characteristics of MR dampers in isoIators was

carried out．It used the chamcteristics of the MR damper，such as fht response，controllable dampin舀

smaU energy consumption，wide dynamic scope，a11d伊eat adap诅tion．The relationships be觚een MR

damping forces and influencirIg f如tors were analyzed based on experimental data．The results show that

dampjng force is not only related to stnJctIlral dimensions，but also closely related to controllable current

and vibration仃equency．Finally，the empirical fo加ula fbf damping forces was corrected，and the

relationship be俩een correction coe雎cients aIld f缸tors analyzed．
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l Introduction

with the characteristics of h培h d锄ping force，great
adaptation to temperature，fast response，low energy

dissipation， simple stmcture and continuously

conn．oUable d锄ping， the magnetorheological fluid
damper(MR damper)has come to be new vibration

reduction equipment with high perf．omance and

intell培ence in the domain of car，machine，bridge and

architecture，etc．，and it has been印pIied to practical

pnoject，which shows great application pllospect‘卜制．
At present，resea∽hes indicate that the mechanical

characteristics of MR damper are afrected greatly by

adscititious magnetic field，displacement amplitude
and exciting f．requency；dynamic constitutiVe relation

of MR nuid is very complicated aRer rheological

change锄d the dynamic damping f．orce of MR damper
shows strongly non—linear relationship．

Although MR damper has been applied tO engineering

greatly净引，there are still no corresponding researches

in ‘aspects Of ship vibration reduction． The

low．疳equency vibration reduction is a dif萄cult point

in the development of ship isolators．If a new isolator

composed of a damper 鲫d a style of vibration

absorber c锄improve me Iow．f沁quency vibration
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reduction ef话ct，it will ma|∞掣eat sense to improve

ship concealment，Vitality and 69hting stren舒h．

So a new ship isolator system composed of steel rope

and MR damper is presented in this paper，the purpose
is to reconstruct the passive vibration absorber of ship

foundation and strengthen the low．frequency vibration

reduction ef佗ct of isolator system． A series of

characteristic cuⅣes of MR damper are obtained

through Vibration expe“ment on isolator system in

this paper．According to the experimental resultS，the

relations Of damping force and its influencing factors

副-e analyzed and some usef-ul conclusions剐陀obtained．

which is of grcat significance to practical印plication
of MR damper on ship．

2 Experiment plan

The ship isolalDr is dIesi掣led to study the mechanical

charactedstics of MR damper in this paper．It makes

sense to pmctical application of isol￡Ltor．The new ship

isolator comDosed of traditional vibration abson)er

柚d power cOmponent in parallel is presented嬲
shown in Fig．1，and the dyn锄ic charac由eristics of it is
controllable。so the vibration reduction ef俺ct will be

improVed in a wide舭quency r锄ge(especially in

low一肫quency mnge)．The detailed des蜘of the ship
is01ator in this p印er is composed of steel wire springs
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and MR dampers in parallel．

Fig．1 Sketch mapofship isolator

3 Experiment model

The isolator system model is composed of many parts

as shown in Fig．2(1-Lower stmcture，which mainly
simulates the bottom deck； 2一Steel wire spring；

3一Lateral restriction stmcture，which mainly restricts

the motion of upper stmcture in horizontal direction

and resists the torque of equipment mnning；4一Upper

stlllcture， which bears the mass 0f la曙e scale

equipment； 5-MR damper； 6一Controllable mass；

7一falsework)． The experiment model is shown in

Fig．3．

Fig．2 Lateral sketch ofthe system model
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Fig．3 Experiment modeI

In order to describe the mechanical characteristics of
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MR damper in the isolator system，the lOw-fkquency

Vibration responses (damping fIorce， Veloci吼
acceleration and displacement)of isolator are tested

by chan百ng the exciting frequency， current，

controllable mass and exciting force只．

4 Experimental work condition

The mechanical characteristics of MR damDer under

simple haHnonic exciting load瓦=五sin(珊t)are

measured through Vibration experiment．Work

conditions are set as f．ollows：the ampIitude of exciting

force五is 24 oooN；the control mass is lt and 2t

respectiVely；the exciting fkquencies are 2，3，4，5，6，

7，8，9，10，1l，12，13，14 andl5 Hz and the control

currents f arc 0，O．25，0．5，1．0，1．5，1．75 and 2．0 A，

respectivel y．

5 Analysis and results

5．1 The relationship between damping fbrce and

current 0f jⅥR damper

A Iarge number of experimental data were analyzed

and the damping force characteristic of MR damper

was concluded in this paper． Three dampers

(numbered 彳， B， C) are mainlv studied． The

relationship between damping force of MR damper

and curI．ent is shown in Fig．4 on the condition that the

control mass is 1 t，the exciting frequencV is 1 Hz and

the contrDl cun．ent varies from 0 to 2 A．
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F培4．Force-currem curves ofMR damper

From Fig．4，it can be seen that the damping force

variation trends of three dampers are almost the same

and the damping force increases with increasing of the

cOntrol cu仃ent．And the trend gradually tends slow

and reaches a sanlration vaIue in the end． This

phenomenon corresponds well with the samration of
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i彻er magnetic filed．

5．2 The relationships between damping force and

displacement and VelOcity ofMR damper
The relationships between damping force and

displacement and velocity of damper A are shown in

Figs．5 and 6 at 6．equency 2 Hz，exciting force 24 000N

and current】A．

Displacem锄t—mm

Fig．5 Force—displacement curves of MR dampcr

_o．06-o．04-o．02 0 O．02 O，04 O．06

、斜oc睁谢m·s‘

Fig．6 Fof℃e—velocity curVes ofMR damper

From Fig．5 it can be seen that the danlper stagnant

cuⅣe is rather full，the maXimum displacement is

obvious and the damping fIorce has contractive trend

in the first and third auadrants．The reason is that the

joint part between shock isolator and damper has gap．
The d锄per is connected by hinges in this paper．
When it exports force，there is a tiny move，which

causes connection erTor．And the damDer nlust

overcome this error while reverSe loading． Fig．6

shows tbat damping force and Veloci妙haVe tight

relation．The I．elation in low velocitV zone is nonlinear

and iIl high Velocit)r zone is linear．And the d锄ping
force increases w“h the increasing of velocim
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5．3 COrmction of empiricaI formula

In order to describe the mechanical characteristics of

MR damper，the parameters 0f dampers are giVen in

Table 1 and Fig．7．The Viscosit)r coe所cient 77 is

0．65 in this paper【91．

1’abIe l st珊ctll弛dimensi仰ofMR damper

矗 35
L

蔓30
笋25
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毛15
≥lo
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∽
O

Magnetic im明sity，kA·m

Fig．7 Relation between shear yield s打ength and magnetic

iIltensity

T11e relations of dampjng f；)玎ce and its influencing

factors are obtained by analyzing the experimental

data，and the damping force is calculated through the

empirical f．ormula【lo】：

F：
12刁删。

7LD厅’ +半锣㈤， (1)

whel．e彳JD=7【(D二一d‘)／4 when f-requency is l

Hz，卢0。25 A，control mass is lt，it can be found that

the damping orces obtained according to empirical

formula are quite different f．rom the experimental

data．These are mainly manifested in that the Veloci够

slope(Viscosi妙coemcient)and intercept(coulomb

force)obtained according t0 empirical fomula are
dif诧rent f．rom experimental data(seen in Fig．8)，
which shows that empirical f．omula can’t express the

damping f．orce of MR damper well．Theref．ore，t11e

slope correction coe衔cient G柚d tlle interc印t

correction coe伍cient C_are intI．oduced to con．ect

the empirical fomula．

Tlle co玎ection empirical fb册ula is

，=c等彳，“+q半坶∽．(2)
According to the correction Eq．(2)，the Variation
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phenomena of G and cP

ratios五and control currents

F谵．10 separately．
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with di行erent frequency

are shown in Fig．9 and
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Fig．8 Relation between damping force a11d Velocity

3，5

3．O

2·5

J2·0
J．5

l·O

0．5

O

—-‘一f-0．25A

工

Fig．9 ReIation beMeen C arId frequency ratio A

J．4

I．2

l O

G O．8

O．6

0．4

O．2

O

十卢0．25A

0．5 l，O 1．5 2．0

Fig．1 O Relation be铆eenoand frequency ratio五

In order to better express the actual damping force of

MR damper with the correction fornlula。another

ex锄ple is calculated with the exciting force 24 000 N
and the exciting fbquency 3 Hz．The results show that

tbe correction fornlula of damping force can reflect

the actual damping force well as shown in Fig．11．

J．Marine．Sci．AppI．(2008)7：243—247

rI’ime，，s

Fig．1 1 Comp州son curves of the experiment with the

calculated result

6 Conclusions

In this paper，the main conclusions are drawn as

follows：

1)The damping force of MR damper increases

sJowly wjth jncreasjng of fhe control cun．ent，but the

trend abates gradually and reaches a saturation value

in the end．

2)The damping force of MR damper is not only
related to the structure dimension，Vibration velocity

and me cOntronable current，but also related to the

exciting f沱quency．

3)The damping force of MR damper obtained

according to empiricaI fo彻ula is qujte di疏rent
仃om me experimental data，which may be resulted

f幻m the bubble and the sedimentation of the MR

fluid．

4)The corr．ection fonnula can describe the damping
force better than the empirical formula．It shows that

the correction coe币cient G increases with

increasing of current and the variation reduces

obviousIy when the current is near saturatiOn．The

correction coe瓶cient C decreases fast in low

frequency，while in high行equency， G decreases

Ver)r slowly，seeming not to Vary with f．requency；

while c尸decreases with increasing of current，and it

incr．eases quickly to a peak Value in low flrequency，

but decreases slowly in high f．requency．

5) correction coe伯cient G and G have great
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innuence on the damping f．orce Of MR damper and

the con．ection f．0彻ula can better describe the

damping force of MR damper．
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1.期刊论文 邓忠超.姚熊亮.张大刚.DENG Zhong-chao.YAO Xiong-liang.ZHANG Da-gang 基于MR阻尼器的船用隔离

器系统试验研究 -船舶与海洋工程学报（英文版）2009,8(4)
    随着船舶技术的发展,现代船舶对船用隔离器系统提出了越来越高的要求,即船用隔离器系统应同时具备低频减振和高频抗冲击的能力,这是传统的船

用减振器系统所无法做到的,为了解决此问题,本文提出了一种新的船用隔离器系统,该系统由钢丝绳弹簧和磁流变阻尼器相并联组成.文中对该船用隔离

器系统的减振和抗冲击性能进行了模型试验研究.减振试验的激振力频率为1-15 Hz,力幅为2.94-11.76 kN;冲击试验的最大冲击输入加速度为20 g,脉宽

为10 ms,减振试验和冲击试验均采用MTS液压加载系统来进行.试验结果表明,该船用隔离器系统具有较好的减振效果,使用了MR阻尼器后系统得共振峰值

被明显的削弱;在冲击试验中,冲击响应的衰减速度随着MR阻尼器的阻尼增加而明显加快,但是MR阻尼器再冲击瞬间的出力特性明显与低频振动情况下不同

,MR阻尼器的出力表现为受控制电流强度影响不大.
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