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Abstract - This study discusses magneto-rheological suspension and their applications. Control methods of a semi-active 
magneto-rheological suspension system for a heavy military vehicle are presented. Two control policies are used: hybrid 
control and clipped control. System modelling and testing procedures are described. The two control algorithms are tested in 
a quarter vehicle test set-up running on an off-road profile. This profile is formed based on the standard military test courses 
and terrains. Control ability and personnel comfort are observed.  Displacements, accelerations and their effects on 
subsystems are compared and discussed 
 

Index terms - Magneto-Rheological Suspension, Military Vehicle Suspension, Control Algorithms.  

  

I. INTRODUCTION 

 

Materials with controllable fluidity offer great 

potential in many fields uch as transportation, 

construction, household appliances, prosthetics etc. 

These materials consist of microparticles dispersed in 
the carrier fluid and additives to prevent 

sedimentation. Microparticles are small magnetizable 

particles of iron and the fluid is mineral oil, synthetic 

oil, water or ethylene glycol [1]. Some additives are 

also added to fluid to inhibit the deposit of iron 

particles, to promote its suspension, to modify 

viscosity. The percentage of iron contained in this 

type of electroactive fluid varies between 20 to 40%. 

Since the microparticles are magnetic, they are called 

magneto-rheological (MR) fluids. Magneto-

rheological fluids were discovered by Jacob Rabinow 

in the 1940‟s. MR fluids are magnetized when a 
magnetic field is applied. After application of a 

magnetic field the fluid changes from liquid to semi-

solid state in few milliseconds, so the result is an 

infinitely variable, controllable damper capable of 

large damping forces. The properties of the MR fluids 

can be instantly and reversibly modified or 

reorganized within milliseconds when a magnetic 

field is applied. In the absence of the applied field, 

the MR fluids behave like the Newtonian fluid. As 

depicted in Fig. 1, when a field is applied the 

suspended particles become polarized which further 
move so as to reduce the energy stored in the group 

[2]. The formed chain-like or columnar structures 

restrict the motion of the fluid and, thereby, increase 

the elastic characteristics of the suspension. Hence by 

controlling the amount of current through the 

solenoid we can control the damping rate of the 

damper. For practical applications, the characteristic 

time of structure transformation, i.e., time of 

formation or break-up of solid-like structure, is an 

important factor. From practical application point of  

 
Fig.1. Alignment of particles in magnetic field 

 

view, this time must be in the range of 1-10 ms. The 

MR dampers are similar to the conventional fluid 

dampers except that MR dampers contain a magneto-

rheological oil and a solenoid coil to produce 

magnetic field when electric current is applied. MR 

dampers offer an attractive solution to energy 

absorption in mechanical systems. Owing to the 

exceptional behavior of the MR fluids, it has been 

used in large number of applications such as: rotary 

brakes, clutches, prosthetic devices, polishing & 
grinding devices and many more. In this study, 

various applications of MR dampers are introduced 

and experimental study on their utilization on armed 

personnel carrier their control strategy and is 

presented. 

 

II. APPLICATIONS OF MR SUSPENSION  

 

Due to their applicability to control damping in 

mechanical systems, MR suspension is used in many 

areas. In vehicle technology, quality and comfort of 

ride is determined by vibration control of the vehicle. 
Utilization of MR damper to suppress vehicle 

vibration provides relatively simple solution with low 

power requirement, large load capacity and 

reliability. Besides the obvious use to suppress 

vehicle vibration, which will be presented next 

section, MR truck seat dampers are also 

commercially available. 
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Fig.2. Truck seat MR suspension system 

 

Fig. 2 shows a suspension system to reduce seat 

vibration. The system incorporates a damper which is 

controlled by a microprocessor. Electronic signals 

transmitted by position sensors and accelerometers 

allow the controller to monitor ride based on vehicle 
inputs and make appropriate damping adjustments. 

Depending on ride inputs, suspension is automatically 

from soft to stiff [3].  

 

A schematic diagram of the MR polishing mechanism 

is shown in 3. The MR fluid is supplied to the gap 

between a workpiece and a moving surface. When the 

MR fluid is influenced by the applied magnetic field, 

the viscosity and stiffness of the fluid increase by 

more than several tens of times within milliseconds. 

Thus, the MR fluid can rotate continuously as long as 

it adheres to the wheel surface by the applied 
magnetic field. For polishing purposes, an abrasive 

slurry is added into the fluid, which is supplied to the 

narrow gap between the wheel and workpiece. The 

abrasive particles are restricted to the upper part of 

the MR fluid, so that they can polish the surface of 

the workpiece [4]. 

 

Brakes can also utilize MR fluids. In Fig. 4, when 

magnetic flux is created, viscosity of MR fluid 

increases and the rotation of rotary disc and shaft is 

slowed down. On and off times of the brake is 
controlled by the current passing through copper coil. 

The same system can also be used in clutches when 

inner and outer disks rotate together or separately [5]. 

 

 
Fig.3. MR polishing mechanism 

 
Fig.4. MR brake 

 

MR fluid dampers are also used to control wind 

induced vibrations in cable-stayed bridges and to 
stabilize buildings during earthquakes. In June of 

2002 the Dongting Bridge became the first cable-

stayed bridge to use MR dampers to suppress wind 

and rain induced vibrations. Results indicate 

significant vibration control effectiveness in the 

cables that were damped with MR dampers. 

 

Household applications make use of MR fluid 

damping. For example, in washing machines with 

MR damping, the vibrations are controlled especially 

during spinning cycle. A prosthetic knee  with an MR 
damper was commercialized  where the damper, 

sensors, control unit, and battery are all housed within 

the knee itself.  

 

III. EXPERIMENTAL STUDY ON 

PERFORMANCE OF MR DAMPERS 

 

 
Fig.4. Stryker infantry carrier vehicle 

 

Wray et.al. tested an MR suspension system on a 

Stryker Infantry Carrier Vehicle Variant (Fig. 4) to 

determine the performance improvements compared 

to a standard Stryker vehicle [6]. Over a range of off-

road bump courses, the MR Stryker‟s best 

performance was a 72% increase in the vehicle‟s 

speed, from 22 mph (standard vehicle) to 38 mph at 

the 6-watt level of driver absorbed power (a measure 

of transmitted vibration). The system also showed 
marked improvements during aggressive on-road 

maneuvers like lane changes. The rate of vehicle roll 

was reduced by 30%. The maximum lane change 

http://www.mdpi.com/1424-8220/8/1/222/htm#fig_body_display_f2-sensors-08-00222
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speed increased from 38 mph (standard vehicle) to 

over 50 mph with the MR system. This study showed 
that MR suspension technology increased cross-

country speeds, improved ride quality, and helped 

with platform stability thereby increasing battlefield 

effectiveness, safety levels for the operator and crew, 

and reducing potential for vehicle damage and 

associated maintenance activities.  

 

Inspired by this study, it was decided to perform an 

experimental evaluation of MR suspension of a heavy 

personnel carrier. In the experimental study, 

performance of a heavy personnel carrier was 

modeled [7]. The study involved 3 phases: road 
profile input, test set up and control algorithm. Road 

profile input is given in Fig. 5.  

 
Fig.5. Road input signal 

 

This road profile represents off-road bumpy terrain 

on which the vehicle travels as shown in Fig. 6. 

 

 
Fig.6. Bump road 

 

Road profile signal has three sections: a step, a 

random zone and a bump. These parts were selected 

to create a off-road terrain. The purpose is to test the 

performance of MR suspension installed in an 

armoured personnel carrier under these road 

conditions. Main equipments in the test set up are 

listed in Table 1 and shown in Fig. 7–10. 
 

Equipment No Task Explaination 

Quarter car 

model 
1 

To simulate 

¼ vehicle 

body 

Created 

from 1 tone 

vehicle body 

Servo 

motor 
2 

To create rod 

profile 

Panasonic 

MSME 

750W AC 

Servo 3 To control Panasonic 

Driver servo 

Power 
supply 

4 
To provide 
the power 

 

MR 

damper 
5  

Lord RD 

1005-3 

MR Driver 6   

Load cell 7 

To read 

damping 

force 

 

DAQ(Data 

Acquisition 

Device) 

8 

To read data 

and drive the 

system 

Quanser Q8 

USB 

Computer 9 

To run 

control 
algoritm and 

recording 

 

LDTV 10 
To read the 

displacement 

Solatron S 

series 
Table1: Test Set Up Equipment List 

 
Road profile is input to test set up by servo motor 

(Panasonic MSME 750W AC servo motor). In 

addition  to servo motor, a gear box that has 1/5 gear 

ratio is connected to servo. As seen from Fig. 9, the 

control group of test set up has two main parts, 

control board and computer. Computer is responsible 

for three main tasks: supply the road profile signal, 

record the LDTV signals, and run the control 

algorithms. Control board is a terminal between 

computer, drivers and sensors. The selected control 

board „Q8-USB‟ is a smart terminal board for easy 
and quick access to signals. Control algorithms drive 

the related drivers (servo motor driver and MR 

damper driver) and computer saves the movement 

signals. 

 
Fig.7. Quarter car model 
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Fig.8. Test set up, servo motor 

 
Fig.9. Test set-up, control group 

 

 
Fig.10. Test set-up, sensors and MR damper 

 

Other main parts of test set up are shown in Fig. 10. 

Linear variable differential transformer sensors to 

measure the displacement of the masses (Solatron S 

series), MR damper (Lord RD 1005-3 series) and 

load cell to observe the created damping force on 
masses. 

 

This study used two control policies: hybrid control 

and clipped control. Hybrid control continuously try 

to produce contact force between tyre with road and 

focuses on vehicle body (spring mass) stabilisation. 

Clipped control policy focuses on minimum 

acceleration on vehicle body (spring mass). Simulink 

models of the two control algorithns are shown in 

Fig.11 and Fig.12. 

 

 
Fig.11. Simulink model of hybrid control 

 
Fig.12. Simulink model of clipped control 

 

RESULTS AND CONCLUSIONS 

 

The results of the experimental study show that the 

MR semi-active suspension is reducing peak 

amplitude and settling time than passive suspension 

as expected.. Clipped controller provides more ride 

comfort, by this effect soldiers or vehicle stuff feel 

smoother ride. This effect is most important for 

arrival during the off-road conditions. Hybrid 
controller provide less displacement for vehicle body 

during the rebound and bump, by this effect 

stabilisation systems (especially turret or weapon 

stations) can work more effective. About tyre contact 

performance clipped control is a bit better than 

hybrid, but in generally the performances of both of 

them are similar. Semi-active with MR damper 

systems will improve the ride of APC vehicles with 

choosing the right control algorithm. This effect will 

certainly help to improve comfort of soldiers and help 

to improved combat effectiveness or subsystems 

effectiveness. This ride capability directly related 
with control policy and algorithm. In this scope 

control logic and algorithm should be studied to get 

more effective ride. On the other hand, in the future, 

control unit system can select the right control 

algorithm (like switching mode in internal 

combustion engines) depending on the operation 

condition.  
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