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Abstract - This paper illustrates the first trial of optimizing the magnetorheological fluid brake by 
analytically controlling the main parameters that conclude its performance. While developing a 
nonlinear torque model for the brake, a nondimensional analysis is carried out so that the problem 
is generalized to any brake configuration with similar characteristics while guiding design for 
comparable strengths of energized and non-energized brake components. The brake speed is using 
analytical approach using an exponential function for describing shat speed. Lagrange multiplier 
method is used for seeking the optimal design of the brake parameters as well. This paper shows 
that the controller guarantees a steady-state solution with zero error in very small time by 
controlling the fluid thickness and coil current simultaneously.  In conclusion, the control method 
proposed in this paper is shown to increase the operational torque capacity of the brake without 
increasing the radial dimensions of the brake itself. The Monte-Carlo results showed the validity 
and robustness of the control method for leading the shaft speed to the desired value in spite of the 
wide range of dispersion in its initial values. 
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1. Introduction  
 
In rotating mechanical systems, it is standard practice 
to provide a brake or a rotational damper for speed 
control. Historically, the brake has adhered to the 
design of the friction brake, with adverse 
consequences of excessive wear and premature 
failure. In this regard, magnetorheological (MR) fluid 
brakes were introduced for rotational systems, 
putting an end to material wear and allowing for 
direct electrical control of the brake. The design of 
MR fluid brakes is based on the principles of viscous 
dampers, where fluid shear stress opposes the 
motion of mechanical parts. In these cases, the 
strength of the viscous damper is proportional to the 
fluid viscosity. The novelty of MR fluids consists in 
the fact that their apparent viscosity can be 
drastically changed by placing them in an electrically 
induced magnetic field. By controlling the strength of 
the magnetics, the viscosity of MR fluid can be easily 

controlled with very fast response time with a high 
torque to volume ratio. MR fluid technology holds 
immense promise in many electrically controlled 
mechanical systems including brakes and clutches 
[1,2], vibration control [3], robotic and machinary 
applications [4], and biomedical applications [5]. 

 An extensive literature on magnetorheological 
(MR) fluid brakes has been presented by Rossa and 
colleagues [6].  The authors of the review present the 
most frequently used models for estimating MR fluid 
shear-stress, namely the Herschel-Bulkley and 
Bingham models [7,8].  The authors also address 
many applications for MR fluid technologies and 
consider earlier research fields that include optimal 
design configurations.  The optimal design studies 
seek to minimize system rotating inertia [9], 
minimize power requirements for operation [10], 
and maximize torque density with multiple disk 
employment [11].  Readers are encouraged to refer to 
these references among others for more examples.  
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For example, PID control and optimization 
demonstrates PID and optimized PID (using Fruit Fly, 
Grey Wolf, GA, and other methods) for real-time MRF 
brake control, especially for rapid response and 
reduced overshoot. In general, they are easy in 
implementation, practical for many scenarios, but 
limited by system nonlinearities and need for 
frequent re-tuning [12-16]. Aother researchers 
discussed how fuzzy and hybrid fuzzy-PID controllers 
outperform PID in dynamic and uncertain conditions 
with better robustness, less overshoot, but more 
design complexity and potential computational 
burden [17-20]. Moreover, optimization-based and 
simulation-assisted control explores the application 
of multi-objective optimization (Genetic Algorithms, 
Particle Swarm, Nelder–Mead, multidisciplinary 
design) for integrated mechanical-control design. 
However, they generally suitable for offline design 
stages [21-23]. Analytical control strategy is 
characterized by its accuracy compared to other 
control methods [24,25]. It was applied to various 
systems [26] and proved its effectiveness in 
achieving the desired design specifications in terms 
of stability and performance. 

Literature surveyed and known to the authors 
demonstrates MR fluid brake control achieved 
through the current to the electrical coil as a control 
input. Although this seems the obvious control input, 
consideration may also be given to control of the 
brake whereby the input current is altered along with 
simultaneous changes on the MR fluid thickness. The 
simultaneous control may be used for a higher torque 
range without increasing the radial envelope and 
compensating for saturation limits within 
electromagnetic fields. This paper sets forth to 
demonstrate this novel control approach for a single-
disk solution and show that good dynamic response 
can be achieved through the parallel use of two PI 
controllers. 

The main objective of this work is to design a 
brake system that can properly regulate the shaft 
speed while considering the constraints set on some 
system parameters, such as MR fluid thinness and 
electric current. Controlling a brake system is based 
on two main concepts; a reference profile is 
constructed followed by the closed-loop command 
design for precise tracking of that reference. In this 
work, reference shaft speed is analytically generated 
based on the imposed initial and final boundary 
conditions. The resulting thinness profile of the MR 
fluid and the electric current profiles are next 
optimized for the desired shaft speed based on the 
analytical algorithm, and finally, the proposed system 
parameters are used to simulate the system. Another 
great advantage of the analytical control of 
establishing reference shaft speed on given initial and 
final boundary conditions for MRF brakes is the 
customization of speed profile, therefore allowing 
imposition of exact braking, which is very crucial for 

safety. By maneuvering MR fluid thickness and 
electric current profiles, the system properties are 
brought closer to what is desired as an output, 
increasing efficiency and response. 

Moreover, speed evolution through the three-
term exponential function brings dynamism, 
smoothening out transitions, and handling variable 
operational conditions. This method also lowers the 
amount of computation required, thus simplifying 
simulations and permitting rapid analysis and design 
modifications important for real-time applications.  
On top of that, the analytical formulation makes 
system responses more predictable, thus making the 
design more reliable. Further, when optimum 
parameters from the analytical model are used, the 
accuracy of the simulations increases; this puts a 
better representation of the actual behavior of the 
system. In all, it adds unprecedented value to the 
performance, efficiency, and design procedure of 
MRF brake systems. 

 

2. MRF Brake Geometry 
 
The schematic representation of a single disc, MR 
fluid brake is given in Fig. 1. To the left of this figure, 
there is an unenergized rotating disc connected to a 
shaft. The angular velocity of the disk is given as ω 
and the torque generated by the brake is shown by 
the symbol T. Magneto-rheological (MR) fluid is 
placed between the moving disk and the non-moving 
surface, as well as the thickness of the MR fluid as h. 
In the absence of a magnetic field, MR fluid sustains 
some shear stress when subjected to shear strain 
rate proportional with the magnetic shear property 
that makes non-energized MR fluid behave like a 
Newtonian fluid with a certain viscosity as far as the 
flow is concerned. The shear stress in the MR fluid 
makes its contribution to the brake torque or 
torsional resistance created by the fluid viscosity at 
the given angular speed opposed to the MR fluid 
thickness h.  

In the right-hand image of Fig. 1, the same brake 
geometry is shown, but surrounded by the magnetic 
field created by passing current through the electric 
coil wrapped around the brake. The current is shown 
in Fig. 1 by the symbol entering the coil into the 
paper from the top and exiting from the paper at the 
bottom. The unique property of an MR fluid is that 
when subjected to a magnetic field, the viscosity of 
the fluid increases. This additional viscosity is 
increased with increased magnetic-flux density 
proportional to the current passing through the 
electric coil. In layman terms, increasing the current 
in the coil increases the viscosity of the MR fluid and, 
hence, the resistive torque generated by the brake. 

The driving actuator for fluid-thickness settings 
and coil-current actuation drivers are not presented 
in Fig. 1; hence, in this research, they will be treated 
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more or less ideal in nature for the sake of 
illustration of the control method.  The actuator 
responsible for adjusting fluid thickness will remain 
relatively small (not requiring any additional radial 
space); this is justified because low forces will be 
involved.  There are several reasons for the design of 
a controller modulating both and instead of 
modulating one alone.  Fluid thickness adjustment, 
by itself, cannot bring a brake fully to rest; hence a 
control for electric current is required if the 
intention is to achieve zero velocity.  Moreover, the 
ranges of operation for electric current and fluid 
thickness are limited, so that once one of the 
parameters reaches saturation, the other parameter 
can still control the brake speed.  Finally, by 
adjusting both parameters, the range of braking 
torque can be extended. 

 

 
Figure 1:  Schematic of the single disk, MR fluid brake 

[27] 
 

3. System Modelling 
 
Figure 2 shows a schematic of the rotating system 
that is to be controlled by the MR fluid brake. In this 
schematic, the left-hand-side represents the MR fluid 
brake which exerts a control torque T on the rotating 
flywheel.  The flywheel is shown to have a mass 
moment-of-inertia given by J.  Using a flywheel is an 
analogy which can be used for different practical 
application. On the right-hand-side of this schematic, 
the input torque to the rotating system is given by 
the load torque TL.  The system rotates about the 
central axis with an instantaneous angular-velocity 
ω.  Table (1) define the system parameters. 
 

 
Figure 2:  Schematic of the rotating system being 

controlled by the MR fluid brake [27] 

Based on the Newton’s second law, equation of 
motion for the system shown above is given by [24], 

  L

d
J T T

dt


= −                                              (1) 

where the symbols t is the time, ω is the 
instantaneous shaft speed, T is the brake torque, TL is 
the applied load torque, and J the mass moment-of-
inertia for the flywheel 

The mechanical and electrical model of the 
magnetorheologcial brake will be presented in this 
section. A front view of the single disk is shown in 
Fig. 3, where an infinitesimal torque   is developed 
gradually with the speed, on the disk surface by an 
infinitesimal fluid-shear force df.  Based on that, 
torque is expressed as function of the infinitesimal 
shear force as  

  dT r df=                                                 (2) 

Where r the location of the force in the radial 
direction. Considering that the shear force is 
df=2πτrdr and the symbol τ refers to the shear stress 
of the fluid at the surface of the disk. Then, the total 
torque developed on the rotated disk by the MR fluid 
may be represented as [24] 

22

s

R

R

T r dr =                                                    (3) 

where R  is the outer radius of the disk and Rs is the 
radius of the shaft. As per widely used models in 
literature regarding shear stress of Bingham fluids, 
for MR fluids, this shear-stress formulation is given 
by the Herschel-Bulkley model with (a major 
provision that when applied to MR fluids) [1,6,7]: 

r
k B

h

 
 = +                                   (4) 

B is the magnetic-flux density generated by the 
electric coil, h is the instantaneous MR fluid 
thickness, μ is the absolute viscosity of the non-
energized MR fluid, and k and α are material 
properties for a specific MR fluid.   The common 
value for α=1 [16], and within the boundaries of that 
linear range of magnetic-flux density as dependent 
on current, the expression for shear-stress induced 
by the proper magnetic field would then be given by 
the following equations.   

                                                                                                           

B

max

k B i
i

 
=                                                        (5) 

where τB is the maximum shear yield-stress that may 
be added to the MR fluid when the maximum 
allowable current imax  is applied to the coil and i is 
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the electric current.  Estimates for τB are readily 
obtained from MR fluid suppliers [13]. 
 

 
Figure 3:  Geometry for the single disk, MR fluid brake 

[27] 
 

The above equations then can be substituted 
together to find the total torque as 

4 3

4 32
1 1 .

2 3

s s
B

max

R Ri
T R R

h R i R

  


      
= − + −      

         

    (6) 

The system parameters of the Magneto Rheological 
Fluid Brake system can be listed in Table (1). These 
parameters are presented as typical characteristics 
for a MR fluid brake and their values are physically 
realistic and may be used to satisfy the design 
constraint. 
 
Table 1. Magneto Rheological Fluid Brake parameters 

Description Symbol Value Units 

Nominal MR fluid 
thickness 

oh  50 m  

Mass moment-of-
inertia 

J  0.064 kg m2 

Disk radius R  95 mm 

Shaft radius 
sR  20 mm 

Nominal brake 
torque 

oT  53 N m 

Characteristic 
time constant 

ot  0.25 s 

MR fluid viscosity   0.1 Pa s 

MR fluid 
maximum shear 
stress 

B  30 kPa 

Nominal shaft 
speed 

o  2,000 rpm 

Following the previous steps, the total torque, and 
the other design parameters can be nondimenlized 
as, 

ˆ ˆˆ, , ,

ˆ ˆ ˆ ˆ, , and

o max s s

o L o L o o

h h h i i i R R R

T T T T T T t t t   

= = =

= = = =

     (7) 

The subindex (o) refers to the parameters at their 
nominal values. Using the nondimensional 
representation, Eq. (1) can be given as, 

ˆ ˆˆ ˆ .
ˆˆ L

d
T i

dt h

 
= − −                                   (8) 

While the nominal torque and time are given by, 

  
( )4 4ˆ1 and .

2

o o
o s o

o o

J
T R R t

h T

  
= − =   (9) 

 

4. Analytical Controller Algorithm 
 
The main objective of this work is to design a brake 

system that can successfully control the shaft speed 

while involving the system parameters constraints 

such as MR fluid thinness and electric current. 

Commonly, controlling a brake system requires two 

key concepts; First, a reference profile is shaped, 

adhered to by the design of a closed-loop command 

to follow the reference precisely. However, in this 

study, the reference shaft speed is created 

analytically based on the initial and final boundary 

conditions. Then MR fluid thinness and electric 

current profiles are optimized to capture the desired 

shaft speed relying on the analytical algorithm. 

Eventually, the optimal system parameters are used 

to simulate the system. To do that, the reference 

shaft speed is parametrized by a three-term 

exponential function of time as, 

 
3

ref
1

exp( )
n

n

C nt 
=

=                                          (10) 

 The time derivative of Eq. (10) is introduced to 
compute the shaft acceleration as, 

 
3

ref
1

exp( )
n

n

n C nt  
=

= −                                     (11) 

 
As observed from Eqs. (8)  and (9), the analytical 

brake system has three coefficients, so three 

boundary conditions are required to compute the 

three coefficients, Cn.  Two pairs of shaft speed at the 

initial and final states and one pair of shaft 

acceleration at the final state (desired state) are used 

in this work as,  



Optimizing the Electrical Current and Fluid-Film Thickness to Control a Magneto - Rheological (MR) Fluid Brake 
Using an Analytical Approach 

 

 

International Journal of Mechatronics and Applied Mechanics, 2026, Issue 24, Vol. I  149 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( )

1 0 2 0 3 0

1 f 2 f 3 f

1 f

0

f 2 3 f

exp exp 2 exp 3

exp exp 2 exp 3

exp 2 exp 2 3 exp 3

d

d

C t C t C t

C t C t C t

C t C t C t

  

  

    







+ +

+ +=

+= +

=



   (12) 

 

where ωd is the desired shaft speed. 
Substituting the initial and final conditions into 

Eq. (10), and setting up the equations in matrix form 
results in, 

 

01

2

3

0.4724 0.2231 0.1054

0.071 0.

1 1 1

1

0067 0.0474

C

C

C

     
     
     =
     
          − − −

      (13) 

So that the numerical values of these coefficients 
now can be calculated as, 
  

1 0

2 0

3 0

0.7955 4.438

3.376 5.344

3.58 0.9

C

C

C







= +

= − −

= +

                                     (14) 

   Figure (4) shows the exponential coefficients 
profiles with time. All the function coefficients C1and 
C3 increase, while the coefficient C2 decreases with 
the initial shaft speed to track the proposed 
reference and capture the desired shaft speed. 
 

 
Figure 4:  Exponential function coefficients using line 

equations vs. time. 
 

Substituting Eqs. (12-14) and Eq. (10) to calculate 
the reference shaft speed as, 

 

( ) ( )

( )

( ) ( )

( )

0

0.7955 3.376

3.58

4.438

exp 0.15 exp 0.3

exp 0.45

exp 0.15 exp 0.3

exp 0

5.344

0 9 .45.

ref

t t

t

t t

t





  −
   +
  

  
=  
  −
  
  +  

− −

+ −

− −

−

     (15) 

Equation (15) shows that the reference shaft speed 
is a function of initial shaft speed and time only. 
Therefore, it is easily to find the reference shaft 
speed profile that guides the brake system to capture 
the desired value when the brake system activates. 
Figure (5) presents the reference shaft speed 
profiles for three cases of shaft speed; high, 
moderate, and low speeds. It can be concluded that 
the three speed profiles satisfy the initial and final 
conditions without exhibiting any overshoot 
behavior and smooth response. Thus, the proposed 
algorithm can effectively stabilize the brake system 
for achieving good system characteristics.    
 

 
Figure 5:  Analytical shaft speed for three initial shaft 

speeds vs. time. 
 

5. Optimal Brake Parameters 
 
While tracking the references shaft speed, the 
optimal values of the brake's parameters (MR fluid 
thickness and electric current) will be taken into the 
considerations. To solve this optimization problem, 
Lagrange multipliers method is proposed with the 
objective function as,  

 
( ) where 1,2,3,.....10k ref k

f x k = − =
            (16) 

where ω and ωref represent current and reference 
shaft speeds, respectively. 

Recalling, Eq. (8) and solving it with respect to 
the shaft speed we obtain,   

( ) ( )( )Lh t T i t = − −                                     (17) 

Substituting Eqs. (15) and (17) into Eq. (16) the 
objective function can be written as, 

 

( ) ( ) ( )( )( )

( )

( )

( )

( )

( )

( )

0.7955

w 3.376

3.58

-

4.438

5.344

0.9

0

k L

k

exp -0.15t

exp -0.3t

+ exp -0.45t

exp -0.15t

exp -0.3t

-

+

f x h t T -

exp -0

w -

.4+ 5

i t

t

-

  
  
  
  
     
 =
  
  
  
  
    
  



            (18) 
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To utilize the optimization method, the Lagrangian 
function can be obtained,  

 ( ) ( ) ( )( )2

1 2
1

, ,k k j j
j

k

x f x g x  
=

 = −         (19) 

where x is the vector of the optimal parameters (h 
and i), f(x) and gi(x) are the objective and constraints 
functions, respectively, λi are Lagrangian multipliers 
required to satisfy the optimization and k is the time 
index. In this work, the time vector is divided into 
ten points along the operation time, so that the 
optimization process would be applied ten times to 
get ten optimal values of MRF thickness and current. 
     To comprehend the proposed optimization 
methodology, Figs. 6a-6c show the objective function 
surface used to optimize the nondimensional 
parameters for high, moderate, and low shaft speeds, 
respectively. As noticed, the optimization algorithm 
can successfully compute the optimal fluid thickness 
and current vectors while preforming completely 
minimum objective functions for all operational 
points.   

 
(a) 

 
(b) 

 
(c) 

Figure 6: 3D objective function surface using to 
optimize the nondimensional parameters for (a) high 
shaft speed; (b) moderate shaft speed; (c) low shaft 

speed. 

Figures 7a-7c present the analytical responses 

showing high, moderate, and low shaft speed profiles 

with time, respectively, using ten optimization 

points. In each figure, the black lines present shaft 

speeds, the blue lines display the optimal MR fluid 

thicknesses, and the red lines display the optimal 

electrical currents. 

Figure 7a shows the initial shaft speed greater 

than desired speed, wherein initial adjustments must 

be made by the controller in order to reduce shaft 

speed. The controller lets first establish a small, 

saturated MRF fluid thickness to add to the non-

energized brake torque, whilst maximizing electric 

current to apply the maximum energized brake 

torque. Together, these two mechanisms create 

major braking force, causing rapid decrease in the 

shaft speed. As the desired value of the shaft speed is 

approached, fluid thickness control is relaxed to 

nominal operating conditions, while the magnetic 

brake is de-energized gradually. This interactivity 

ensures that the system can effectively target the 

shaft speed. As seen, the electric current stabilizes at 

an optimum value, which is critical for consistent 

braking performance. The overall response is stable 

and prompt, with a settling time very close to four 

time constants. To summarize, the interaction 

between electric current, fluid film thickness and 

shaft speed is critical for achieving desired braking 

performance, thereby underlining the importance of 

efficient control in MRF-based braking systems. 

In Figure 7b, the condition describes a control 

objective with the same console as before; however, 

here the initial shaft speed is already close to the 

desired value. Hence the controller's task becomes 

one of "keeping" this speed instead of "changing this 

speed suddenly." The controller maintains a balance 

in this endeavor by setting a constant value for the 

optimal MRF fluid thickness while tuning the current 

to adjust the braking force. In this case, lower 

electric current has been maintained to produce a 

controlled but effective braking action on the shaft. 

The MRF fluid thickness is optimized to stay at a 

viscosity level where the braking action does not 

become excessively saturated so as to keep the 

braking torque constant. This combination allows 

the shaft speed to fluctuate around the desired value, 

which over time remains more or less constant 

regarding fluid thickness and electric current, thus 

demonstrating a well-tuned control system acting 

alongside the dynamics of the MRF brake. The small 

fluctuations of the shaft speed signify the operating 

stability of the system. 
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(a) 

  
(b) 

  
(c) 

Figure 7:  Analytical response illustrating high speed 
control for   using ten optimization points for (a) high 

shaft speed; (b) moderate shaft speed; (c) low shaft 
speed 

 
Finally, in Fig 7c is the case where the control 

objective is to let the shaft speed increase to the 
target after the initial shaft speed is much lower than 
the desired value. Increasing the MRF fluid thickness 
quickly to the optimal level was then made, 
minimizing the nonenergized brake torque, thus 
permitting more aggressive acceleration. Such 
paradigms to increase fluid thickness ensure that the 
braking force is well adjusted to aid the desired 
acceleration of the shaft. Meanwhile, the current was 

lowered to reduce the energized braking force, 
which in turn helped to accelerate the shaft speed to 
the desired one. The graph indicates that the shaft 
speed rises steadily, approaching the desired speed 
as the control system balances the competing 
requirements of torque and fluid dynamics.  
The fluid-thickness control for smooth operation is 
gradually reduced to nominal levels as the shaft 
speed tends toward the target and to mitigate 
sudden changes. These independent changes lead to 
a stable response with a four-time constant settling 
time. Such an increase may incur some overshoot, 
depicting the natural tendencies of the system to 
accelerate and stabilize. Thus, the strategy used must 
rapidly adjust to changing conditions in 
performance. 
In this regard, the interplay between electric current, 
MRF fluid thickness, and shaft speed illustrates the 
efficiency of the MRF brake control mechanisms to 
deliver acceleration while maintaining stable 
operation on its way to the desired shaft speed. The 
proposed algorithm requires two basics: shaping a 
reference shaft speed profile relying in the initial 
shaft speed. Then computing the MR fluid thickness 
and electrical current profiles required to track the 
reference shaft speed and achieve the desired shaft 
speed.  
 

6. Numerical Simulation  
 
Most magnetorheological fluid systems aim to 
control the shaft speed while maintaining the 
electrical current and fluid thickness from exceeding 
the maximum limits. This objective can usually be 
done by generating a reference path first, then 
adopting control methods to pursue it. Our algorithm 
is totally dissimilar other previous control methods. 
The proposed approach can guide the system to 
capture the desired shaft speed while optimizing the 
electrical current and fluid thickness profiles 
instantaneously, to perform the minimum objective 
functions for all operational points. In conclusion, Eq. 
(18) is the objective function that needs to be 
minimized in order to track the reference shaft 
speed, Eq. (15), while optimizing the electrical 
current and fluid thickness parameters presented in 
Fig. 6.  

Figures 8a-3c, show the analytical and simulated 
shaft speeds for high, moderate, and low initial shaft 
speeds, respectively. Figure 8a shows that both of 
the consistent system’s responses decay 
exponentially with no chance of overshot to reach 
the desired shaft speed in roughly 3.5 sec. While 
below the moderate initial shaft speed, as indicated 
in Fig 8b, the shaft speed profiles first drop and then 
ascent to attain the target state in an estimated time 
of 5 sec. In reality, this behavior occurs due to the 
proximity between the initial and desired shaft 
speeds, thus the system needs to undershoot its 
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shaft speed reaching the steady state condition. 
Eventually, Fig. 8c presents a gradually ascent 
throughout the simulation taking approximately 
5sec to stabilize the system. With the application of 
the optimal electrical current and fluid thickness 
profiles, Fig. 8 shows that the MR fluid system is 
remarkably qualified to track the reference shaft 
speeds without requiring any feedback control.  
 

  
(a) 

  
(b) 

  
(c) 

Figure 8: Analytical and simulated shaft speed for 
different initial shaft speed; (a) high initial shaft 

speed; (b) moderate initial shaft speed; (c) low initial 
shaft speed. 

 
 
 

It seems unlikely that the magnetorheological fluid 
brake system work under nominal initial shaft 
speeds since the system may be initiated with 
different initial speeds. Therefore, it is significantly 
important to include off-nominal initial shaft speed 
to test the performance of the system which will be 
addressed in the next section. 
 

7. Monte-Carlo Simulation 
 
Monte Carlo simulation is a standard technique for 
simulating dispersions the in system parameters. It 
can be used for ensuring robust, accurate, and 
effective designs [28]. Monte Carlo tests show the 
performance and reliability of the control of the MRF 
brake system under various conditions. The 
repeated stabilization of the shaft speed over many 
runs indicates that the control strategy is capable of 
cancelling disturbances sufficiently so as to allow the 
system to respond adaptively. The control strategy 
seems to actively intervene to set the desired shaft 
speed, either through electrical current or fluid 
thickness adjustments. Thus, the interaction 
between electric current with MRF fluid thickness 
and shaft speed shows the control strategies ability 
in exerting influence on the MRF brake system. The 
Monte Carlo results also give an indication of 
reliability and robustness in the system, further 
supporting its enhanced ability to sustain 
performance under various operating conditions.  

In addition, on observation, the ranges of electric 
current and thickness of MRF fluid do possess 
relatively small ranges compared with that of shaft 
speed at the beginning (time=0). And this is quite 
interesting for various reasons: first, the small range 
in electric current and fluid thickness reveals that 
the system is actually able to control well through a 
wide initial range of shaft speeds, which means that 
even minor variations in these parameters lead to a 
significant change in performance, enabling the 
system to adapt well to changes in condition. 
Secondly, although there is a high dispersion in the 
initial shaft speed, the control can still be 
maintained, which shows robustness in the control 
strategy. This means that the system can tolerate 
very wide ranges in speed but needs very small 
changes in the control parameters (current and fluid 
thickness). Thirdly, this makes practical requirement 
easier for operation of the system in the field. The 
engineers would get the level of performance they 
desired without necessity to carry out extensive 
tuning of the control settings. It simplifies demands 
of operation in the field while reducing system 
tuning complexity. 
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(a) 

 
(b) 

 
(c) 

Figure 9: Hysterical results for 500 initial shaft speed; 
(a) electric current vs. time ;(b) MR fluid thickness vs. 

time; (c) shaft speed vs. time. 
 
 

8. Conclusions 
 
The analysis, results, and discussion in the paper 
offer support for the conclusions listed below. 

1. An MR fluid brake is capable of generating 
torque from two sources: (i) a non-energized source 
(caused by the action of viscosity due to Newtonian 
viscosity, angular velocity, and thickness of MR 
fluid), and (ii) an energized source brought about by 
the less viscous MR fluid under presence of a 
magnetic field.  

2. The result from the simultaneous control of the 
thickness of the MR fluid and the electric current is a 
very wide range of brake torque without increase of 

the radial envelop for the brake, and saturation 
conditions in one controller are compensated for by 
the other one. Primarily high angular velocities of 
the brake are controlled with increasing thickness of 
the MR fluid while low angular velocities are 
controlled mainly by switching the increased 
intensity of the electric current. 

3. The equation governing angular velocity of 
brake could be such that quite elegant forms are 
presented by nondimensional analysis. The overall 
phenomena of this problem are captured by three 
things: i) the nondimensional loading-torque 
applied, ii) the nondimensional MR fluid thickness, 
and iii) the nondimensional electric current. Any 
change in one of these things will affect the dynamic 
and steady-state response of the brake.  

4. The interplay between electric current, MRF 
fluid thickness, and shaft speed illustrates the 
efficiency of the MRF brake control mechanisms to 
deliver acceleration while maintaining stable 
operation on its way to the desired shaft speed.  

5. The proposed analytical control strategy has 
been well able to steer the system to a stable desired 
state with smooth response even in the presence of 
uncertainties and dissatisfactions in initial 
conditions. 

6. Using the analytical controller make the 
practical requirement easier for operation of the 
system in the field. The engineers would get the level 
of performance they desired without necessity to 
carry out extensive tuning of the control settings. It 
simplifies demands of operation in the field while 
reducing system tuning complexity. 
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