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Abstract

By dynamic analysis, the dynamic modeling of designed magnetorheological@R) «
shock absorber with metering pin is established, and using the experimental d
relation of kinematic viscosity and current, and shear stress and are
respectively identified, and the parameters of dynamic model are identifi least
square identification method. The experiment results shoxﬁ;a‘the ideqtifj del has

high accuracy, and can be used for the performance ant&' and c% em design

of the shock absorber. Q
Keywords: Magnetorheological shock absorber; Damping fMdel; Least square
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1. Introduction \

N N
As a controlled fluid damper, ﬁamper haé%}n successfully used in many areas,
such as seismic resistance of br %utomo ile shdck absorber, etc. %, Because of the
special characteristic of ma rheologié d, it has a good prospect in terms of
shock absorption. With the, further r chOn MREF, its applications will continue to
iing of ft, a lot of impact energy will been produced
and the shock abgso re nee dissipate the energy. although MRF damper on
landing gear of ai tical application, there have been many experts and
scholars wege ed in this regafd. In China, Jia Yuhong research the possibility of
magnetorh cI da n the landing gear applications, while designing the
correspondinig m ¥ MR damper is presented for adaptive control of
helicopter ground r e by Wang Wei and Xia Pingi ®.Tian Jing et al. Simulate
and Analyze semj* e control for MR damper landing gear ™. In this paper, a new
type of MR s@bsorbers is presented, its dynamic model is studied, and some

experimeEtFare one to identify the dynamic model parameters using the least squares

method. mparison with the experimental results, the shock absorber damping
force6 has high accuracy, can be used to control the shock absorber.

%ructure of MR Shock Absorber

To ensure reliability and damping force adjustable properties of shock absorber,
based on conventional oleo-pneumatic shock absorber with metering pin, a shock
absorber based on MR fluid with metering pin (called MR shock absorber) is designed,
so that it’s damper effect can be simultaneously controlled by current and stroke, then
which will improve efficiency and damping force adjustment range while improve the
safety factor of the shock absorber. Its structure diagram is shown in Figure 1.

In operating the MR shock absorber, piston rod drives the guide plate to press against
the chamber, the MR fluid on the upper end of guide plate flows through the orifice on
the top of piston rod, then through the upper portion hollow of the piston rod, finally
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through annular gap of piston by flowing through the radial orifice in the piston rod.
The piston of the shock absorber is axially provided with a number of rectangular
annular grooves. On the action of external electromagnetic field, the MR fluid flows
through the rectangular grooves with the expansion of its volume and decrease of its
velocity. Because of the dissipation effect of the rectangular grooves produced vortex,
the Kkinetic energy is turned into heat energy, so MR shock absorber with rectangular
annular groove has the effect of enhancing the damping force. In addition, by using
tapered metering pin, damping force of the shock absorber varies with the stroke
change, and when the semi-active control of MR damper is failure, the shock absorber
can degenerate into an efficient oleo-pneumatic shock absorber, which makes landing
gear shock absorber system more secure.
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Where S i cement of the piston, F, is an external driving force applying

on the pimd, F, is gas elastic force, F, is the damper produced by MR shock
absorbe01 the compression stroke, Fyand F,,F, are opposite, where F, and
,Qre opposite in the stretch stroke. F, consists of the following components,
%us damping force F,7 in annular damp channel, Coulomb damping force F,,
generated by MRF, MR fluid inertia force F; generated under high-speed impact,

throttle resistance F,, friction force F; . So the total damping force equation can be
expressed as:
Fr:F,7+Fmr+Fj+FV+Ff (2)
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3.1. Viscous Damping Force and Coulomb Damping Force

When the MR damping fluid is squeezed into the damp channel, due to the viscosity
of MRF, and the friction between the liquid and the wall and between the liquid and the
liquid will generate the viscous damping force, named F, . When subjected to different
magnetic in damping channel, MRF will generate additional Coulomb damping force
F.. because of MR effect. The value of F,7 and F,, relate to MRF viscosity, the
magnetic field strength and the length of annular damping channel. Based on the mode
of pressure difference or shear flow in the MR damping channel, the output of the

viscous damping force and Coulomb damping force can be expressed ast™!
2

LAp L Dn
R A ®)

A, is the effective area of the piston under pressure, V(t) is the relative speed o\h?’
piston and the cylinder, D is the diameter of piston, f. is the length of d
channel, h is the work space, 77 is the dynamic viscosity of the fluid an@ the

yield stress. \ﬁ *
3.2. Fluid Inertia Force \/
n@nd the

MR fluid would be acted by inertia due to the N ation of the liquid
when MR fluid flows. This generated resistance to the R fluid is called inertial

resistance and denoted by F . When the ab value of celeratlon is very small,
the inertial forces can be neglected Wwad is added to the MR shock
]

F +F (3LhAP + LD)z, Sgn(V(t))+(

n mr

absorber, acceleration amplitude is and t | force could not be ignored.
According to the reference [1 [A tia of th resistance can be expressed as:

% (4)

In which, c |s the are the dam hannel, £ is density of magnetic variation
liquid, and V(t accel on of the piston and cylinder. By the formula (4),
when the MR d struct ermlned the inertial force of the piston is only

related tot e tlon |s controllable.
3.3. Throt eS|stan

Throttle resist generated from the sudden change of the cross-section of MR
flow, which is pfOpoitional to the square of piston speed, and can be expressed as

PA 2
N~ A Ty ©
O 2\AC,
0 the area of the hole, and changes with the relative displacement of the
%der and the piston. And C, is flow coefficient of oil holes.

3.4. Friction

Due to mechanical friction damping force associated with the system, such as the
sliding friction between the inner wall of the cylinder and guide head, the sliding
friction between the piston and the seal block, and the frictions from the surrounding
environment or related structures in the external dampers, etc. The sum of these
frictions can be described as:

F, = f,sign(v(t)) (6)

Copyright © 2016 SERSC 255



International Journal of Hybrid Information Technology
Vol. 9, No.9 (2016)

In which, f0 represents the estimated value of friction, which is much smaller than

friction in MR damper and has little effect on the damping force of the shock absorber.
The total damping force can be expressed as shown in Equation (7):

- {1277LA,§ , LD UJv(t)+ (:‘”‘TAP + LﬂDjTy sgn(v(t))

aDh? h

LoAZ(A, - A,) P e
+ A v(t)+ 2(Af Cd)z v(t)* + fosign(v(t))

(")

3.5. Gas Elastic Force
The variation of gas elastic force in buffer during landing buffer is described by the

changing process model. .
F,=AP -P|A -A
ARG e PlA-A) W

A, is the area of piston, P, is initial inflation pressure of ffer, P, pheric
pressure outside, V,is the initial volume of the gas \& a polytropic
exponent of gas, which is generally ranging betwe . n= is adopted.

According to the designed damper, structure s shown \ﬂe 1. And7, and

71 vary with the applied magnetic field stren hich ca denoted by polynomials
of applied current. From the MR fluid p @ s and te esults by factory, cubic
ts,

polynomial is adopted to meet the re is shown in Equation (9) and
(20). K
|3+cleelsl +Cy ©)
\A %4 +cz3| +Cyy (10)
%Q"aramgt’k MR Shock Absorber
@%meters Values
Q ameter of piston D/mm 82
O eter of piston rod d/mm 32
nner diameter of cylinder
i g
D’/mm
clearance dimension h/mm 15
% Initial length of gas chamber
) 30
O L’/mm
O Length of damp channel L/mm 20
Initial volume of gas chamber
@ VolL 1.387
2.65+0.0

Density of MRF g/cm® e

Taking equation (9) and (10) into the formula (7), the shock absorber damping force
model can be obtained. Taking equation (7) and (8) into the formula (1), the kinetic
model of this shock absorber can be obtained.

1.Model Parameter Identification and Analysis

4.1 Parameter ldentification
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By dynamic analysis, all parameters and coefficients in dynamic model are known
except from C,, toC,and f,. To identify the unknown parameter and coefficients,

the loading vibration experiments are done with the current was 0OA, 0.1A, 0.3A, 0.5A,
and frequency and current keep const. According to the experimental data, the least
squares method is used to identify the parameters of each model, from which
mechanical model of MR damping force is shown as:

F. =3.64xv(t)x 7 +7.461xsqn(v(t)) x 7, +8.501x V(1)
+1.313x107* xv(t) | v(t) | +2.041sgn(v(t))
Where, 5 =71.58x1°-36.08x 12 +4.36x 1 +0.3221
7, =-1219%1° +846.9x 1* ~134x | +83.33

(11)

4.2. ldentification Analysis

The relations of each velocity-force and displacement-force, the black line re
the result get from experiment and red line gets from the identified model{ a

respectively in Figure 2 and Figure 3 when the amplitude ig 3mm, fr Qf s 4HZ
and current is OA. In Figure 4 and Figure 5, the current usted t and other
conditions are not changed. As can be seen from ﬁ he velocity
approaches zero, there was a great deviation of the g for en from model
and experiment, did not reflect the good hysteresis‘ehz acterlsts\%Welocny—force, but

fit within other velocity range well. Q . 6
\O kﬂ curve
7 &% S del curve

*
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Figure 3. Displacement-Force Curve(3mm,4HZ,0A)
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Figure 4. Velocity-Force Curve(3mm,4HZ, 0.3A)
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4.3. Inspection of Model ¥ .
Dyniamic ,

To test the extensive of e current and incentive are changed to
examine the fitting degfe,between outputs of the model and the outputs of
experiment. Figurg Figur re respectively velocity-force curve and
displacement cur\h\0 hangin nt, the black lines get from experiment and red
lines get from t@q ry mod gure 8 is the output force error curve. Figure 9 and

and Fi

Figure 10 7 are respectively velocity-force curve and displacement
curve by c g curr Figure 11 is output force error curve.
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Figure 6. Velocity-Force Curve(3mm,4HZ, 0.5A)
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9. Velocity-Force Curve(7mm,4HZ, 0.3A)
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Figure 10. Displacement-Force Curve(7mm,4HZ, 0.3A)
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Figure 11. Velocity, e Error \/e(YmmAHZ, 0.3A)
*
The comparison results shokae mzdg %g a very high fitting degree, which can
b

better describe the chang MR sho sOrber damping force versus its displacement.
The maximum value € errof a damping force versus speed is around 6% as
i

shown in Figure 8l re 11, ian acceptable range.
5. Concl@

Dynamic ysis a eling of self-developed shock absorber are studied, and its
properties were tes bench, then the dynamic model parameters are identified

displacement, e identified models were tested. The result shows that the model has a

based on the @ . By the way of changing the current and changing the
high fitti&ggr , which can be used to describe MR shock absorber damping force

variatio ifferent speed, and provide the foundation for controlling.
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