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The present study focusses on the damping force control of shear mode magnetorheological (MR)
damper for seismic mitigations. Therefore, the semi-active MR damper which can control the vibration
is analyzed both experimentally and numerically. Carbonyl iron is used as the magnetic particle and
Castrol Magnetec oil as carrier fluid throughout the study. MR damper is designed and fabricated, and
its damping force was evaluated experimentally at 2.5 A- 10 V. Shear mode MR Damper is tested in

Keywords: universal testing machine using time history loading. The model was numerically analyzed using
Magnetorheological Newmark’s method for nonlinear system in MATLAB to control the three storey model building frame
Damper taken from the literature. The result indicates that 49.42% reduction in displacement at the second
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storey and 48.14% in the third storey, respectively. Maximum reduction was observed when damper
was kept in the ground floor. The maximum force observed for the MR Damper is 0.777 kN.

doi: 10.5829/ije.2019.32.11b.05

1. INTRODUCTION

In the current scenario, MR damper offers a vital role in
controlling building frames, due to its unique features
such as mechanical simplicity, less current, more
dynamic, more force and more toughness. It impacts
mechanical energy to the structural system. Recently, a
model of a typical MR damper, based on Bouc—-Wen
hysteresis model [1] is proposed in connection with the
control of responses of structures like building frames
and bridges. The proposed model is shown to well
represents a wide variety of hysteretic behavior [2-4].
The model significant was elevated in a consequent
study in mainly for considering the MR fluid response,
additionally shear thickening and thinning properties of
the fluid was also studied [5-8]. Various dynamic
models with their comprehensive study is optimized
[9,10]. MR Damper is the potential vibration control
system for seismic mitigation has more advantages than
other semi-active control devices [11]. The unique
advantage is when increase in input current, the
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damping force also increased. This energy dissipating
device has less power consumption and various
dynamic range with simple mechanical designs. The
response in structures like reinforce concrete frame has
more reduction in displacement compared with the
conventional devices [12-15]. Lot of algorithm studies
carried out on MR damper for seismic applications but
very few experimental investigation was conducted.
Present work is a part of hybrid simulation [16, 17]. The
input earthquake data is given to the MTS system,
which give a response of the MR damper at various
time. This output response of MR damper is the input
for MATLAB hybrid simulation program under
newmarks non-linear analysi where the device placed
diagonally and response of each floor of the structure is
studied for with and without MR Damper.

2. PREPARATION OF MR FLUID

The carrier oil used in the present work was the
commercially available Castrol Magnatec 5W-10. The
MR fluid is prepared by mixing the carbonyl iron with
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Castrol magnatec oil in the 20:80 ratio by weight is
named as MRF 80 where 20% of Carrier oil and 80% of
carbonyl magnetic particles. The mixture is stirred at
400 RPM in the overhead stirrer for 24 hours as
depicted in Figure 1.

3. SHEAR MODE

In shear mode, the magnetic field produced is
perpendicular to the motion of the moving surfaces as
shown in Figure 2. The vibration is controlled when
shear form along the annular gap direction in the
cylinder inner wall and piston outer wall [18]. For civil
engineering concerns, the damper is located in several
places and direction, the piston inside the damper
produces shear due to the annular gap between piston
and inner cylinder is 1-2mm.

4. MR DAMPER

A magnetorheological damper is a type of damper
where it contains MR fluid, controlled by an external
magnetic field, using an electromagnet [19]. This makes
the damping property of the vibration to be controlled
by changing the current and voltage of the external
electromagnet. The schematic representation of shear
mode magnetorheological damper is depicted in Figure
3. The proposed damper has a pay load of 2.28 kg. The
fabricated magnetorheological damper is depicted in
Figure 4. The MR damper is tested by exciting the
damper with the amplitude +5 mm, current range from 0
— 2.5A and frequency 0.5 Hz using MTS Universal

Stirred (@ 400 RPM,
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Figure 1. Schematic representation for preparation of MR
Fluid
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Figure 2. Shear mode

Testing machine. This vibration is similar to the cyclic
load test. The resulted damping force of the proposed
MR damper is measured by a data acquisition system
and accelerometer was used to measure movement of
the magnetorheological damper. The measured damping
force with respect to displacement is represented in
Figure 5. The damping force for OA is 328 N and the
maximum damping force at 2.5A is 536 N. The
damping force obtained in the test is appropriate for
vibration control.

19 12 19

Cylinder Cap

Cylinder Outer housing

Piston

Annular Gap/Flow
Magnetic Flux
Coil

Steel Core

3 MR Fluid Flow

All Dimensions are in cm

Figure 3. Schematic shear mode Magnetorheological damper
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Figure 4. Fabricated Magnetorheological damper
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Figure 5. Damping force - MRF 80
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5. DYNAMIC BEHAVIOR OF MR DAMPER

The time history data of El Centro is given for the MR
Damper as a input in MTS Universal Testing machine is
depicted in Figure 6. The displacement - time and force
- time is observed in the experimental investigation of
shear mode MR damper shown in Figure 7. The
excitation frequency is depending on the ground
acceleration data [20, 21]. The coil is wounded with 260
turns of coil and wires are connected to the power
supply. The current supplied is 2.5 Amp for MRF 80
fluid configuration and annular gap of 1mm is obtained
in the Damper. The displacement is reduced 68.29 %
compared to the uncontrolled. The maximum damping
force 0.777 kN obtained in Figure 8.
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Figure 6. MTS Universal Testing Machine
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Figure 7. Displacement vs. Time
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6. NUMERICAL SOLUTION AND DISCUSSION

From the literature [1] a sample problem was taken to
describe the above method which is used mainly to
control the vibration response depicted in Figure 9. For
3 dof the building undergoes ground acceleration (El-
Centro). Here, K, M, C represents the mass, stiffness
and damping matrixes of a certain size in the structure
[22]. The structure has n degree of freedom subjected to
elcentro earthquake ground acceleration % and f is the
control force. The equation of motion is given below:

Mi+ Cx + Kx =T'f — MA%, Q)

X is the displacement, x is the velocity, %X is the
acceleration, M,C, K are mass , damping coefficient and
stiffness in 3*3 matrix form. I represents the location of
MR Damper (ie. Ground floor, first floor and second
floor). For the study MR damper placed in ground floor.
A is the vector of unity. Newmark's nonlinear
integration method using computer  programs
(MATLAB) to conduct a typical dynamic analysis and
flow chart for the analysis is shown in Figure 10.
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The behavior is obtained using Magnetorheological
damper of various features. The efficacy of
magnetorheological damper behavior is studied under
various parameters. The constraints contain damping
force and its location on the structure. In the presence
and absence of dampers in ground floor is numerically
analyzed in MATLAB. Controlled and uncontrolled
response of first, second and third floors are studied
with MR dampers, depicting their Displacement-Time
characteristics under time history analysis in Figures 10-
12. Maximum force and percentage control in each
storey is shown in Table 1.

m3 =98.3 kg

m2 =98.3 kg

ml =98.3 kg
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Figure 9. Example building frame
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Figure 10. Controlled and uncontrolled response of first floor
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Figure 12. Controlled and uncontrolled response of third floor

TABLE 1. Maximum force and percentage control
Maximum

Responses Displacement  percentage M;ﬂ?:glm

measuredat  ynecont  Contro control force (kN)
rolled lled

First storey 0.661 0.339 48.71%

Second 1133 0573  49.42% 0.777

storey

Third storey 1.560 0.809 48.14%

7. CONCLUSION

In the present work, a semi-active control of responses
for a 3 storey model structure was tested using shear
mode magnetorheological damper. force-time results
obtained for the magnetorheological damper from the
experimental investigation; it can be directly used to
develop the control in Newmark’s nonlinear method in
MATLAB. Additionally, parametric study is also
analyzed to study the influence of the constraints on the
behavior of the structure. The experimental test results
can be directly incorporated towards the damper
position. Significant control of response was achieved
with small control force; therefore, with 2.5 A-10 V was
used. Position of the damper has made significant note
on the effect of control of response. Further, the damper
position is also optimized and found lower storey
affords the maximum control of response for all storeys.
The maximum control force is found to be 0.777 kN.
The maximum percentage control of 49.42 % at second
storey.
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