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Abstract: Compared with the general damper, the MR fluid damper has the advantages of adjustable damping, large damping
force and intelligence. Magneto rheological fluid damper is a unique role in the study of vibration, shock absorption, and tactile
feedback. When the semi-active vibration control of the structure is carried out by the MR damper, the more accurate mechanical
model of the damper is one of the key factors to achieve the better control effect of the MR damper. In this paper, the mechanical
model of several magneto rheological fluid dampers is analyzed, and the characteristics are analyzed, and the design of MR fluid

damper is performed on the basis of the analysis results.
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1. Introduction

As a kind of intelligent material, magneto rheological fluid
has the advantages of rapid change, continuous, high
efficiency, safety, reliability, etc.. Application in vibration
control, hydraulic devices, clutches, brakes, seals, polishing
devices, flexible fixture and other mechanical structures, all
show its strong potential. Compared with other devices,
magneto rheological fluid devices have the following
advantages:

(1) Control and adjustment of the continuous change of

performance, can be accurate real-time control;

(2) The main working components are not easy to wear and
long working life;

(3) The structure is simple, the work is soft, the noise is low,
and the response speed is fast;

(4) The need to control the low energy consumption, easy to
combine with computer technology, intelligent control
form.

Therefore, using magnetorheological effect to the
development of new products and to some products compared
to, in performance, manufacturing, use and prices have
obvious advantages and competitiveness in the market, has
been applied in the fields of aviation, aerospace, machinery,
automobile, precision machining, control.

Magnetorheological fluid damper has small volume, low

power consumption, damping force, wide dynamic range,
frequency response characteristics of wide applicable range
and high, especially it can produce the best damping force
according to the vibration characteristics of the system and in
smart structure fields has wide application prospect, is one of
the hot topics in the research, both at home and abroad also
gradually attention. In foreign countries, MR (magnetic fluid
variants) semi-active damping shock absorber research has
been the strong support of major companies such as Ford,
general motors and other countries, have invested heavily in
this area of research.

2. MR Damper Mechanical Model
Analysis

When using MR damper to control the semi-active
vibration, it is one of the key factors to establish a more
accurate mechanical model of the damper to achieve a good
control effect on the structure of MR damper. However, the
dynamic constitutive relation of MR fluid is very complicated,
and it is difficult to use the theory of rheological mechanics.
Therefore, it is an ideal method to establish a simple
mechanical model suitable for engineering application,
according to the results of MR damper dynamic test. This
mechanical model not only can reflect the basic dynamic
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characteristics of the MR damper, but also provide accurate
and reliable theoretical prediction of the dynamic response of
the system.

2.1. Bingham Viscoplastic Model and Its Characteristics

In 1987, Stanway et al proposed a mechanical model based
on the current variant of the Bingham model, Shames and so
on to fit the performance of MR damper. Bingham model is
the earliest, simplest and most commonly used model for
predicting the response of magneto rheological damping
system. The magnetorheological fluid is considered as a
material with yield stress, and when the shear stress reaches
the yield stress, the flow of the MR fluid is shear flow. The
shear stress is linear with the shear rate, as shown in figure 1.
Mechanical model of damper can be equivalent to a Coulomb
friction damper and a linear viscous damper to represent, as
shown in Figure 2.
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Fig. 1. The shear stress is linear with the shear rate.
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Fig. 2. Linear viscous damper to represent.

The yield stress is a function of the magnetic field strength,
which is tested by the shear stress test of the MR fluid. The
mathematical relationship between stress and shear rate is:

T =1, (H)sgn(y) + ny (D

7,,(H) represents yield stress of magnetorheological fluids.

It is a function of the strength of the magnetic field. n
represents  viscosity of magnetorheological fluids. ¥y
represents shear strain rate of magneto rheological fluid.

The damper's damping force formula is:

F = f,sgn(x) + cox 2)

fy represents yield stress of damper; x represents
displacement of the damper piston rod; X represents damper
piston cylinder relative velocity; ¢, represents viscous
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damping coefficient after yield of magneto rheological fluid.

The advantage of Bingham model is simple, clear and easy
to understand and analyze. One of the main characteristics of
MR fluids: the flow of a fluid is shear flow. The main work
in the retroflexion of magnetorheological fluid. The key
parameter is the dynamic yield stress, which can be used to
fit the relationship between the damping force displacement
curve of the MR damper. The disadvantage is that it can not
describe the damping force velocity nonlinearity, so it is only
suitable for the analysis of the reaction not applicable to
control analysis.

2.2. Bingham Visco Elastic Model and Its Characteristics

1991 Gamoto of electrorheological fluid research in
improved Bingham visco plastic model, is proposed in this
paper stuck on the Bingham plastic model based on the series
in the form of a standard linear solid formation of the
viscoelastic - plastic model, including Bingham visco plastic
model of viscoelastic plastic model is established, as shown
in Figure 3.
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Fig. 3. Bingham model.

Damper damping forceis:
F=ky(x, —x) + ¢, (%, — %y) 3)
= coXy + fysgn(x) = ky(x3 — x3)
IFI > f, 4)
F=1lki(x; —x1) +cx; |[F| < f, (%)

x represents displacement of the damper piston rod; c,
represents damping coefficient; parametes k,,k,,c; linear
solid material;

The model is simple in form and clear in meaning, and
overcomes the shortcomings of Bingham model, which can
reflect the hysteresis characteristics of magneto rheological
fluids. The nonlinear characteristic of the damping force
velocity curve in the zero velocity time sliding continuous
and close to the test, the force displacement relation of the
MR damper is well described. However, it can not be well
fitted to the MR damper at low speed, the restoring force
attenuation phenomenon, and the use of the absolute value
function, increased the difficulty of the use of the model.

2.3. Bouc-Wen Model and Its Characteristics

In 1997, Wen proposed the Bouc-Wen model, as shown in
Figure 4.
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Fig. 4. Bouc-Wen model.

Damping force of the damper is:
F = ko(X - xo) + Cox + az (6)

z = —ylt||z||z[""t - Bk|z|" + Ax (7)

x represents displacement of the damper piston rod;
Damping coefficient ¢, is a constant. a represents the
coefficients determined by the control system and the magneto
rheological fluid. Through adjusting parameter, y, 8, A can
unloading control force - speed curve of the linear traits and
yield to yield after the transition smoothness.

The model can describe the relationship between force and
displacement of MR damper, and the force velocity relation

— L2 =.. .

curve is more close to the test result. Its outstanding
characteristic is to fit the test result with the model which has
smooth transition curve, easy to carry on the numerical
calculation, the versatility is strong, can reflect all kinds of
hysteresis curve, and has been widely used in the modeling
of hysteretic system. But the model is still not well fitting
damping force velocity relationship of nonlinear
characteristics, fails to fit the inertial effect caused by low
damping force attenuation phenomenon and the speed limit
when the two cis clockwise hysteresis loop; and it is set up
based on the test data of model, lack of unity and complex,
not easy to use in actual engineering, only fit the
experimental research and theoretical calculation.

3. MR Damper Design

Based on the analysis of the mechanical model of MR
fluid damper, the Bouc-Wen model is adopted. The structure
principle of MR fluid damper is shown in the following
figure. The piston is wound with a coil to generate a
magnetic field. Magneto rheological fluid flows through the
damping channel between the piston and the cylinder wall,
under the action of a magnetic field, MRF damping
coefficient change, through the damping channel produce
corresponding damping force.
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Fig. 5. MRF damping structure.

The structure design of MR fluid damper is mainly about
the application of MR fluid damper.(such as the need to
provide much of the damping force), then in combination
with the specific use of the environment, the key parameters
are the size of structure and affect the performance of the

design, so that the damper of the controllable damping force
and damping force adjustable range can be achieved the
desired effect.

Controllable damping force and damping force related to
the performance of magnetorheological fluid damper quality,
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as shown in the figure, the damping force of the damper by
controllable damping force F; (also known as Coulomb
damping force) and controllable damping force F,.. The
damping force of MR fluid damper is mainly controlled by
the controllable damping force, and the value of the
controllable damping force is generally 5-10 times of the
uncontrollable damping force. Not controllable damping
force K, by effect of magneto rheological fluid viscosity,
flow velocity, mainly by the viscous damping force F, and
friction force F; is composed.
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Fig. 6. Viscous damping force F, and fiiction force Fy is composed.

MREF-damper viscous damping force F, and Coulomb
damping force F; respectively:
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E = [LnDC + %] Tysgn(u(t)) 9)

A is cross-sectional area of the pistion. u(t) relative
velocity of piston rod and cylinder; D, is piston diameter; L
is effective length of working area of magneto rheological
fluid; h clearance between piston and cylinder; 1 dynamic
viscosity of magneto rheological fluid;, 7, is magneto
rheological fluid service.

The formula for calculating the total damping force of the
MR fluid damper is:

2
F= [T;‘Lh’; + “’fl’”’] u(t) + [LnDC + %] 7,sgn(u(®)) (10)
The first term in the formula (10) is related to the viscosity
and flow rate of the magneto rheological fluid. The second
one is the Coulomb damping force due to the change of the
magnetic field, which reflects the special characteristics of
the electronic control of the magnetorheological fluid
damper.
The electronic control characteristics of MR fluid damper
are mainly expressed by the yield stress of MR fluid.
T, = KHP (1)
Among them, K and f are the experimental constants
related to MR fluids, which are mainly related to the
selection of the material. H as the magnetic field strength in
the gap of the damper. The MR fluid damper is produced by
American MRF-132D company load type magneto
rheological fluid. The relationship between the yield stress
and the magnetic field strength is shown in the following

__ [3mLA?% | LmDcn

E, = |:4_Dch3 +T]u(t) (8)  figure.
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Fig. 7. Relationship between the yield stress and the magnetic field strength.
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According to the above calculation and practical
application, the parameters of MR fluid damper are
determined as follows.

Table 1. Mr damper geometric and functional parameters.

Parameter Symbol Value

Cylinder Bore diameter D, 30 mm
Robe Diameter D, 10 mm
Psiton Diameter D, 27 mm
Active Piston Length L 20 mm
Piston Gap h 1.5 mm
Piston Effective stroke L 60 mm

Three dimensional modeling of MR fluid damper is carried
out by three dimensional simulation software, and the model
is shown in Figure 7.

Fig. 8. MR fluid damper.

4. Conclusions

In this paper, the Bingham model of the
magnetorheological fluid damper, the Bingham model, the
model and the Bouc-Wen model are analyzed, and the
mechanical model is selected according to the application
situation. The three-dimensional model is established by the
parameters of the calculation, which lays a foundation for the
future mechanical simulation.
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