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Abstract: - The paper presents an experimental stand for testing a semi-active damper with
magnetorheological fluid (MRF.) For reduce costs and time of execution, the solution has been found is
to alter a Charpy pendulum. Are detailed the changes and the modifications made to ensure the testing of
the magnetorheological fluid dampers with different size, for a large range of forces [2]. Two models
were made for pendulum-damper system and the results were interpreted.
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1. INTRODUCTION Magnstic fisid
AL
Magnetic and electrorheological materials are =
part of the class of smart materials that react to =
controlled changes of a external stimulations such as e
[T \I [

temperature, pressure, voltage or other physical
parameters, by changing the rheological properties.
The magnetorheological materials (MR) are
homogeneous colloidal suspensions of magnetizable
particles, ultra fine, micrometer, placed in a matrix.
Depending on the nature of the matrix exists fluidic
matrix (glycols, hydrocarbon, mineral oils or
synthetic oils, silicone) or viscous-elastic polymer
matrix (natural rubber or silicone polymer). In
mechanical applications is preferred as matrix
material, silicone oils and polymers. Under the
magnetic field influence, the particles tend to align
and create chains of particles oriented along these
field lines (Fig.1). This alignment is the main cause
for change of flow properties. The change of the
current into magnetic field generator, which induces
increase or decrease of the apparent viscosity
underlying of the vibration damper applications

Figure 1. Orientation of the ferro metal particles under
the action of magnetic field

2. TESTING OF THE MRF DAMPERS

Designing an  effective  technological
solution for reduces the vibration to a car,
equipments, civil and industrial construction,
requires knowledge of the technical characteristics
of the energy dissipative of elements used. Thus, for
a damper type RD -1005-3 with magnetorheological
fluid (Fig. 2), produced by Lord Corporation, which
exists in the Vibration Laboratory of the Polytechnic
University of Timisoara, the feature connection
force F, — relative velocity v; is given in Fig.2.b.
From this diagram can observe that for to load an
electromagnetic coil, which creates the control field,
at a current of 1=1.5A, the force F, can reach about
~230 daN value.
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Figure 2. Damper type RD -1005/3 with
magnetorheological fluid-The feature:
Connection force F, — relative velocity v,

For get on to this value the test bench must
be with hydraulic driving which implies a high cost
To avoid this facility, which we not had access, we
chose a simpler and accessible solution: adaptation
of a Charpy pendulum for damper testing [2][4][5]

3. PENDULAR STAND FOR TESTING
DAMPER WITH MRF

Adaptations of Charpy pendulum for testing
MR damper 3 (Fig. 3) was achieved by placing it
with one end (joint A) 2 of the pendulum rod,
through a bushing 11, and at the other end (joint C)
through framework 4 fixed on the frame 1 of the
pendulum. Both A and C fit joints can be adjusted
by the fact that the bush 11 can be attached to
various lengths L, along the rod 2 and C is located
on the end of a threaded bolt 5 can be blocked on the
frame 4 by the nut and back nut.

Testing of damper is done by inserting it
into an oscillating system, under free vibration,
shock absorber damping characteristic being
determined from the system response, by recording
law of motion 6(t) using an incremental decoder 12,
attached to the pendulum axis, whose axis passes
through O- and by the registration of the bond
strength F,, which damper opposes to the relative
motion piston-housing, with speed

d‘ﬁ‘
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Connection force F, is recorded through a
electro-resistive transducers assembly (TER) located
on the cover plate 6 of the frame 4 (Fig. 3).

Figure 3. Adaptation of a Charpy pendulum for testing a MR damper

Because the connection force F, can reach
values which do not admit oscillations to the
pendulum, has been added to the guillotine mass 2’
an additional mass 2’” which have increased the
pendulum inertia, center of mass moving to point B,
the physical pendulum with length L and axis of the
pendulum is delayed with angle o, to the original
position.

Also, is increased pendulum stiffness by
means of a spring, consisting of an elastic blade 7
rigidly fixed at one end to the carcass 10, and at one
end being supported on a bearing 9, fixed on the
frame 8 that can be locked to the frame of machine
1, by rotating the frame around the axis of rotation
of the pendulum with angle B, reported to the
longitudinal axis of the bracket 2.
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4. THE DYNAMIC MODEL OF A
PENDULAR SYSTEM

The dynamic model of pendular system of
the stand has a single degree of freedom, pendular
motion being defined by the law 0(t), kinetic energy
of the system is given by

1 [(d(a+B-6(t)) > de(t)
Fe®) ‘EJ[T] 350 @
where J is the moment of inertia, related to the axis
of rotation of the pendulum, of all stiffened masses
of the pendulum bracket 2.

The potential energy depends of the vertical

position of the mass center B
@)

Ep(t) =mgL(1-cos(B +a-6(1)))

where a is angle between the vector OB, with
length L of the mass center B, and axis 2 of the
pendulum bracket.

In the energy equilibrium, intervene also the
energies:
e energy of the flat arc
e strain energy of the arc 3,, located inside the

damper 3

The dynamic system has one degree of
freedom depending at any time by the angular
position 6(t) of the pendulum bracket 2, distance

u :‘E‘ between clamping joints of damper and

strain w(t) of spring plate 7 depending to 6(t).

Figure 4. lllustration the dynamic equilibrium of stand
mechanism for the damper testing

5. NUMERICAL SIMULATION OF THE
DYNAMIC MODEL

Using model A, can study the dynamic
behavior of the pendulum system which includes the
fluid damper MR, type LORD which was used in
experiments. The model was developed using
SimMechanics program, running under MATLAB
programming environment.

The model was built using the blocks
defined in the library of the program. Simulation
scheme is shown in figure:

Y @ Centru de greutate
£ Ariculatie

Figure 5. lllustration of the simplified dynamic model
solved by Simulink console under Matlab programming
environment

5.1. The Model |

Using the model 1 can study the dynamic
behavior of the pendulum system which includes the
MR fluid damper, type LORD, which used in
experiments. The model was developed using
SimMechanics program, running under MATLAB
programming environment.

The simulation was realized for different
values of the damping coefficient, obtained
according to the curves given in the damper
documentation (LORD TECHNICAL DATA RD-
1005-3 Damper).
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Figure 6. The diagrams of the damped free
oscillations of the piston motion u(t), corresponding
to the 11 values of the supply current of coil of the
damper with MR fluid
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Figure 7. The diagrams of the damped free
oscillations of the connection force Fa(t) of the
damping (3) corresponding to the 11 values of the
supply current of coil of the damper with MR fluid

Figure 8. The diagrams of the damped free oscillations of the reaction force N(t) on the lamellar spring 7
corresponding to the 11 values of the supply current of coil of the damper with MR fluid

5.2. The Model Il

Mechanical part of model | is similar to that for model Il The damper was modeled according to the

scheme OH — ONODA[6] above model shown.

Figure 9. The diagrams of the damped free
oscillations of the piston motion u(t) corresponding
to the 11 values of the supply current of coil of the
damper with MR fluid, modeled by the OH-
ONODA scheme

6. EXPERIMENTAL TESTS

Leaving the pendulum from the same
angular position, are presented the diagrams of the
motion laws for pendulum, corresponding to the
11 degrees of damping, programmed by
changing the rheological characteristic of damper to
the 11 values of the supply voltage of coil. Output
signal, provided by sensors, is digitized by the

Figure 10. The diagrams of the damped free oscillations
of the connection force Fa(t) of the damping
corresponding to the 11 values of the supply current of
coil of the damper with MR fluid , modeled by the OH-
ONODA scheme

analog digital converter A/D (SPIDER-8) and
registered as a file in computer memory, using the
Catman program.

As is normal, the lowest degree of damping
is for supply voltage u=0 V, the attenuation of
corresponding oscillation making after 7 seconds
and for supply voltage 2 V the attenuation of
oscillation is making after just a second.
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Figure 11. The diagrams of the pendular motion
corresponding to the 11 degrees of damping of the MR
damper, programmed by 11 values of the supply current
of coil of damper

By processing the oscillograms can
determine the damping characteristic of any device
dissipative, without requiring the use of an exciting
force with high-level excitation, such as hydraulic
pulsatory, very expensive.

7. CONCLUSIONS

Are developed two models to study the
dynamic behavior of pendulum-damper system The
models were made using SimMechanics program
running under MATLAB programming environment
In the second model, we started from Oh-Onoda
model.

For experiments and measurements was
made a stand by modifying a Charpy pendulum.
Were made and attached adjustable mechanical
devices that reduce pulse amplitude and make it
possible to use strain gauges to collect data. The
changes concerned the possibility of mounting
different sized damper and forces just by simple
adjustments.

From the comparative study of experimental
and simulated data it can be concluded that the

results of the Model | is closest to those obtained
experimentally.

On this stand were made tests with semi-
active MRF dampers with bypass circuit external,
made in a modular structure, with multiple
adjustments, set for different applications.

It revealed a phenomenon that can be very
useful for self-testing MRF damper with an internal
circuit. The solenoid from the inside of damper
generates a voltage of order mV during their
operation therefore, under certain conditions; the
solenoid can be used as a sensor without using other
elements. This facility will be studied in the near
future, for dampers mounted on cars equipped with
on-board computer, to implement self-testing
function in dynamic regime.
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