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I.  INTRODUCTION 
 

The model parameters of MR damper are identified 

through experimental work. The application of MR 

damper can be seen in medical orthosis.  The 

connectivity between components of signal 

acquisition system, signal converter, signal generator, 

MTS device is highlighted in this work.  

 

Voltage regulator connected to MR damper can able 

to supply required voltage for controlling damping 

forces. The voltage generator RGDG1022 can able to 

produce time varying voltage u(t) of sufficient 

current capacity [3]. This paper highlights damper 

model used in various studies such as MRF132-LD of 

Lord Corporation is chosen [1], MR damper Model: 

LORD RD-8040-1 is used in experimental work [9],  

Even in the experimental  study [10] an MR damper 

Model: RD 8040-1 from LORD Corporation is used. 

MR damper MRD-60 and MTS device is used in 

experimental study [7]. Power supply equipment is 

the crucial component in experimental setup of MR 

damper. A multifunctional cord RIO NI PCI-7833R 

FPGA is used to control electric motor [2]. DC Power 

supply EAST WYK -305B2 is preferred for dynamic  

 

 

 

 

characteristics of MR damper [8]. An Power supply 

(DC) system for MR damper i.e, TPR-3010D is 

attached in the study on  Experimental of seat 

suspension system under constant current [9]. Power 

supply (DC) to Laser displacement sensor and LVDT 

displacement sensor Agilent E3631A is connected to 

the test bench [9]. Function generator (Voltage 

Signal Producer) AFG 3201B, Tektronix, USA is 

preferred in experimental study of a small-scale 

magneto rheological damper [2]. 

Sensors interconnected between data acquisition 

system and MR damper can able to record data 

necessary for damper model evaluation. Optical 

Encoder ACCU-Coder 260N-T-02-S-1000 is 

connected to measure angular position of crank 

mechanism and position sensor MLT-38000104 is the 

attachement used in dynamic magnetic field 

measurements [2]. Force Senor CZLYB-3 is connected 

for dynamic characteristic experiment of MR damper 

[8]. Acceleration Sensor 33B52PCB and Displacement 

Sensor DA-50 LVDT is attached to experimental 

setup [9]. In this paper dimensions of MR damper 

cylinder with actual dimensions and design 
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parameters [1,2,7,8,10,11,12] preferred by various 

researchers is discussed. Graph studies are also 

carried out to analyze the variation between 

controlled and uncontrolled parameters, linear and 

non linear parameters, hysteresis [1,7,6,3,9,10].  

 

II. DESCRIPTION OF EXPERIMENTAL SETUP 

 

For the validation of MRF (Magneto Rheological 

Fluid) damper modeling, MRF132-LD of Lord 

Corporation is chosen. Test equipment MTS 850 

experimental system is equipped with hydraulic 

power unit (HPU), Load unit and electronic console 

[1]. The loading unit of MRF damper test equipment 

is shown in Fig. 1. 

 
Figure 1: The load unit of MRF damper test 

equipment. 

 

Application of MR damper [2] in medical orthosis for 

the mechanical suppression of pathological tremor in 

flexion-extension and abduction-adduction motion 

of the human wrist is made. The designed MR 

damper would be mounted above the dorsal and 

radial surfaces of the forearm. The characteristics 

features of MR damper design are copper coil is 

wound in the middle section of piston head for 

creation of magnetic field in the annular gap and for 

the purpose of directing magnetic flux lines normal 

to piston/ cylinder gap, both cylinder wall and piston 

head are machined from magnetically permeable 

material. 

 
Figure 2: Cross section diagram of a piston/cylinder 

MR damper design. 

 

The MR fluid selected for experimental test [2] is of 

low viscosity μ = 0.042 + 0.020 Pa・s of LORD MRF-

122 EG. The geometric and functional parameters of 

MR dampers is listed in Table 1. 

 

Table -1: MR Damper Geometric and Functional 

Parameters 
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Figure 3: Experimental setup for damper 

characterization under the application of a dynamic 

magnetic field. 

 

An Experimental setup is designed to study the force 

response under cyclic motion with a constant 

magnetic field [2]. 

 
Figure 4: Experimental setup for damper 

characterization under cyclic motion. 

 

In the designed experimental setup [2], crank 

mechanism and linear bearing is used to convert 

rotation of a brushless DC motor to sinusoidal 

translation of the piston of the damper. The details 

of main components for experimentation is detailed 

in Table 2. 

 

Table -2: Attachments in Experimental Study 

of a Small-Scale Magneto Rheological  

Sl.No. Component Purpose Make 

1.  Optical 

Encoder 

ACCU-Coder 

260N-T-02-S-

1000 

To measure angular 

position of crank 

mechanism 

2.  Multifunction 

card 

RIO NI PCI-

7833R FPGA  

To control electric 

motor 

 

The type of MR damper (MRD-60) and MTS device 

(MTS810-Make: American) is employed for 

experimental study on response time of MR damper 

[7]. The  equipments attached to the experimental 

setup are hydraulic servo system of MTS, MR 

damper, electrical driver, voltage change over circuit, 

signal generator, signal acquisition system. 

 
Figure 5 : Principle Diagram of Experiment. 

 

The observation found from Fig. 5 is signal generator 

diverts signals to two entities. One signal is sent to 

signal acquisition system and the other signal is an 

input to voltage change over circuit. Whereas signal 

acquisition system receives the current signals from 

electrical driver and damping force signals from MR 

damper [7]. 

The damper is actuated by means of linear motor 

that resembles wheel vibrations [6]. Force sensor 

measures the damping force of MR damper. An LVDT 

(Linear Variable Differential Transformer) linear 

position sensor is kept at piston rod level. Testing of 

MR damper comprises of axial extensions and 

compressions at different velocities along with 

subjecting the damper to varying currents .The 

experimental setup referred in study is shown in 

below figure.  

 
Figure 6: Dynamic experimental test bench of the 

MR damper. 
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The experimental work [2] comprises of linear stage, 

DC stepper motor, position sensor. Custom high- 

frequency power amplifier is used to supply the 

voltage signals produced by a function generator to 

the coil. In order to have real time data acquisition 

from sensor and for motor control a multifunction 

RIONIPCI-7833RFPGA cord is used. The details of the 

attachments for experimental study is listed in Table 

3 

Table- 3 : Attachments used in Dynamic Magnetic 

Field Measurements 

 
The experimental setup [3] consists of MR damper, 

power amplifier, generator and data acquisition 

system. Data acquisition system is based on a 

modular system. In order to measure the voltage 

DAQ9178 (National instruments) equipped with 

module is employed. Windows XP with lab view 2011 

is linked to multifunctional I/O board. The voltage 

uwe(t) produced by RGDG1022 generator is 

amplified by power amplifier. And also, this voltage 

generator can able to produce time varying voltage 

u(t) of sufficient current capacity. The MR damper 

control coil receives time varying voltage u(t) of 

sufficient current capacity from power amplifier. 

Block diagram representing experimental setup 

connections are shown in Fig. 7. 

 
Figure 7: Laboratory Stand. 

 

The attachments in experimental work [8] are listed 

in Table 4. 

Table -4: Details of Dynamic Characteristic 

Experiment of MR Damper 

 

 
Figure 8: Vibrating Testing Machine. 

 

 
 

Figure 9: Schematic drawing of MR damper. 

 

Above Fig. 9, represents the MR damper used in 

experimental work [8].  

 

In the study, experimental characterization of MR 

damper by polynomial model [4], the MR damper 

receives periodic displacement from Universal testing 

machine (UTM) as shown in Fig. 10,The details of 
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major equipments used in this study are listed in 

Table 5. 

 

Table -5: Testing Machine Details of Experimental 

Characterization of a Magnetorheological Damper 

 
Figure 10: MTS Testing Machine. 

 

The MTS testing machine equipped with MR damper, 

force and displacement sensors [5] shown in figure 

above. The data acquisition system used in this work 

will acquire the signals from force and displacement 

sensors. 

 

The vibration characteristics of seat suspension 

system are studied through experimental approach 

[9]. The experimental frame work for study is shown 

Fig. 11. 

 
Figure 11: Vibration characteristics experiment frame 

diagram of MR seat suspension. 

MR damper (Model: LORD RD-8040-1) and custom 

made springs (Each of stiffness 67363 N/m and 

67024 N/m) are used in experimental work [9]. The 

details of seat structure is shown in Fig. 12. 

 
Figure 12: Schematic diagram of the seat structure. 

 

The attachments used in this study are listed in Table 

VI. 

 

Table -6 : Attachments of Experiment of Seat 

Suspension System Under Constant Current 

 
Sensors used for the work are listed in table 7.  

 

Table -7: Details of Sensors Attached to 

Experimental Setup 

 
Regarding methodology of experimentation 

conducted [9], Sandbag of 24 kg is kept on seat 

suspension which acts as single Degree of Freedom 

(DOF) system. Here Sinusoidal method of excitation 

is given as input for MR damper. The excitation 

frequency ranges from 1Hz to 13 Hz. The power 

supply to MR damper is 0A, 0.3A and 0.8. FFT 

Analyzer is attached to the experimental setup for 

processing input and output data. 
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III. DIMENSIONS 
 

The dimensions of MR damper i.e, MRD-60 [7] are 

listed in Table 8 

Table -8: Parameters of the MRD-60 Damper 

 
The dimensions of the damper coil in study of 

modeling of MR damper using ANFIS [8] is listed 

below in Table XI 

 

Table -9: Dimensions of MR Damper 

 
The design parameters of experimental system [1] 

are detailed below in Table X. 

Table -10: Principal Design Parameters of  MR 

Damper 

 
The dynamic properties of MR damper is evaluated 

through experimental setup [2]. The experimental 

setup consisting of various components. The 

experimental data are recorded at 1kHz sample 

frequency. The details of it are listed in Table XI 

below,  

 

Table -11: Attachements in  Experimental study 

of a Small-Scale Magnetorheological Damper 

 
 

In the experimental  study [10] on MR damper 

(Model: RD 8040-1) from LORD Corporation is used. 

The structure of MR damper is shown in Fig.13. 

 
Figure 13: Schematic drawing and RD 8040-1 MR 

Damper from Lord Corporation. 

 

The dimensions of MR damper are listed in Table 12. 

Table -12: Dimensions of Magneto Rheological 

Damper 

 
Experimental frame consists of DTS-II dynamometer 

machine.The experimental setup arrangement is 

detailed in Fig.14, 
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Figure 14: Vibration Testing System and 

Experimental Setup. 

 

The details of experimental attachments are listed in 

Table 13, 

Table -13: Details of Experimental Attachements 

 
The MR damper is tested [11] using an test bench 

comprising of necessary attachments. Here force and 

speed sensors were attached to obtain the values of 

damping force and velocity of MR damper. The 

details of experimental test bench is shown in Fig. 15 

 
Figure 15: MR damper Test bench. 

 

In the experimental work [12], it is categorized in to 

two groups i.e, one with Test rig consisting of BMM 

and IBBM designs and another with test rig. Only for 

verification purpose. The details of test rig (Figure 1 

and 2) is listed in Table 14. 

 

Table -14: TEST RIG DETAILS. 

 
 

For the purpose of measuring piston rod, 

displacement. 

 

III. TESTS CONDITIONS 
 

The excitation frequency of 1.25Hz and magnitude of 

±50HZ are preferred. The magnitude of input current 

supplied to MRF damper is in the range of 0A to 1.0A 

in increments of 0.2 A. The outcome of experimental 

test is damping force at certain piston velocity 

increases with input current [1].  

The test conditions preferred to study effect of 

electric current are, electric current supplied to the 

damper is varied from 0A to 1.5A and again reversed 

from 1.5A to 0A. under the excitation amplitude of 

20mm and excitation frequency of 0.5Hz [7]. For the 

purpose of study on effect of velocity, the damper is 

tested under excitation amplitude of 10mm and 

electric current of 1A, 0.5A and 0A respectively.   

The MR damper is tested [4] for maximum speed of 

(1000 mm/min) at various input current values. 

Regarding damper piston displacement is 10mm and 

a frequency of 0.4 Hz. In the same work [4] five sets 

of test are been carried out considering five values of 

input currents i.e, 0A, 0.241A, 0.530A, 0.750A  and 1A. 

Simulink of MATLAB is linked to the experimentation 

for the purpose of filtering force and displacement 

measurements obtained from sensors.  

The sinusoidal excitation for MR damper [10] is given 

in range between 1Hz to 6 Hz with constant 

amplitudes of 5mm, 10mm and 15mm respectively. 

 

IV. GRAPH STUDIES 
 

Power curves and damping force characteristics are 

plotted for the input currents (0A, 0.2A, 0.4A, 0.6A, 

0.8 and 1A) taking in to consideration load (KN) 

along X-axis and displacement (mm) along Y-axis [1]. 

Relationship between response time with electric 
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current values or frequency or amplitudes are 

studied for various current input values are analyzed 

from graphs [7]. 

The graph of damping force (X-axis) with velocity (Y-

axis) for different current values (0A to 1.5A) is 

analyzed and also damping force (X-axis)  with 

current (Y-axis)  for various velocity levels (1mm/s to 

450 mm/s) is studied by means of graphs [6].  

The studies carried out in work [3] are as follows, 

1. Amplitude- frequency response of the MR 

damper coil taking in to account admittance (Y) 

along Y-axis and frequency(f) along X-axis 

2. Phase-frequency response is analyzed by 

selecting phase ‘φ’ along Y-axis and frequency 

along X-axis (Logarithmic scale) 

3. Variation of time with voltage u(t), current i(t), 

power p(t) in damper coil for frequency values of 

0.5 Hz, 6.5 Hz and 100 Hz are analyzed by taking 

the results from experimental data. 

4. The graphs plotted in the study [4] are Damping 

force (Y-axis) and Displacement (X-axis) is 

plotted for five set of current values.  

5. Two more set of graphs i.e, Damping force (Y-

axis) with time (X-axis) and Damping force (Y-

axis) with Velocity (X-axis) is plotted for five set 

of current input values. 

To study the dynamic characteristics of MR damper 

[6] plots of Damping force (Y-axis) with Displacement 

(X-axis) are carried out. And also Damping force (Y-

axis) with Speed (X-axis) graphs are plotted. The 

comparison graphs considering Bingham model, 

improved model and Experimental data are plotted 

in this study.   

The plots of Force (Y-axis) with  displacement (X-axis) 

are analyzed for various input currents. And another 

plot of  Force (Y-axis) with  Velocity (X-axis) is 

analyzed during experimentation work [8]. 

In the Experimental Study on Vibration 

Characteristics of MR Seat Suspension system, 

transfer characteristics of the cushion acceleration (Y-

axis) with frequency (X-axis) is plotted by considering 

power supply of 0A, 0.3A and 0.8A . Also, transfer 

characteristics of seat suspension (Y-axis) with 

frequency (X-axis) is plotted by considering power 

supply of 0A, 0.3A and 0.8A [9]. 

In the experimental work [10], force with velocity and 

displacement loops are sketched and studied for 

various input current (0A, 0.5A, 1A, 1.5A, 2A) for 1Hz 

and 15mm.  

The force with velocity [11] of MR damper is studied 

and analyzed for both theoretical and experimental 

methods at 1.2 a  power supply.   

V. CONCLUSION 
 

The MR damper model is validated through various 

experimentation techniques. For complete design of 

MR damper cylinder the parameters like cylinder 

bore diameter, piston diameter, piston length , stroke 

length, annular gap, diameter of cylinder body are 

considered. The vibrating testing machine is 

equipped with force sensor, acceleration sensor, 

displacement sensor assisted by laser equipment for 

measuring model parameters during dynamic testing 

of MR damper. With regard to control of electrical 

parameters of MR damper coil, it is necessary to 

select proper wire diameter, number of coil turns, 

wire cross section, coil resistance and inductance, DC 

power supply unit.  The damping force characteristics 

of MR damper, amplitude -frequency response, 

phase frequency response, dynamic characterization 

of MR damper are studied and analyzed by means of 

graphical approach. 
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