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Abstract - A magnetorheological (MR) brake with many disks
structure is mentioned in this article. This equipment is used as a
resource resistant for human training device. Change of MR fluid
properties when applied in a magnetic field is the key factor to
generate the brake torque. The MR brake will run in different
speeds to indicate the relation between current intensity and
generated torque. Then simulation used Maxwell is done at the
same condition to compare the performance of equipment. That
the MR brake torque can be controlled accurately is prospective to
replace conventional source resistance. Moreover, the optimization
algorithm is used to find the best size for coil of structure of MR
brake.
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1. Introduction

Controllable magnetorheological (MR) brake works on
the highly variable MR fluid viscosity to vary its motion
characteristic. The MR fluid contains magnetic particles
suspending in a carrier fluid [1]. When we put on an effect
of magnetic field, magnetic particle will be connected
together to form chain connections which are deployed
following the direction of the magnetic field. When
supplies magnetic field, the chain is more stable, thus
enhances the shear stress. By the magnetic field disappears,
the particle of MR fluids immediately restores to its free
flow state. The change of magnetic field stays between
0.1 ~ 1 ms [2] for the response time of the fluid. In an MR
brake, the MR fluid is operated under a valve mode. As
seen in Figure 1, MR fluid is placed between a disk. The
fluid flow is resisted by controlling the magnetic field
between the disks, in a direction perpendicular to the flow.
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Figure 1. Operation model of MR fluids of valve-mode

A disc shape structure is an original MR brake which is
constructed as seen in Figure 2 [3]. Commonly, magnetic
from the pole is surrounded by a coil placed on the stator
assembly. The magnetic flux will flow following the loop
marked by red color in Figure 2. As a result, part of MR
fluid around the stator shape of the disc is activated when
magnetic field is applied. However, The old design has two
disadvantages. The first one is the uneven distribution of
magnetic field strength on the active area. The second one
is a very small area of MR fluid to be working to create
viscous resistance. Those disadvantages reduce the brake
torque of the structure.

Tém tat - Phanh tir lwu loai nhiéu I&p dia dwoc dé cap trong bai
b4o nay. B phan nay dwoc ding dé tao ra mot tré lyc trong thiét
bi tép luyén cho con ngum Viéc thay déi tinh chét ctia dau tir lwu
khi c6 tir trwng 1a yéu t6 chinh trong viéc tao ra mémen phanh.
Phanh tir lwu hoat déng & nhitng tbc dd khac nhau thé hién méi
quan hé glua cuwong do dong dién va mémen duwoc sinh ra. Cac
mo phdng st dung phan mém Maxwell trong cac diéu kién glong
nhau cho phép so sanh hiéu néng cla thiét bi. Mémen phanh cla
phanh tir lvu c6 thé dwoc diéu khidn chinh xac mé ra trién vong
thay thé cho viéc tao tré luc truyen théng. Thém vao d6 thuat toan
tdi wu héa ciing dwoc st dung dé tim kich thwéc tét nhét cho cudn
day bén trong két cAu ctia phanh ti luu.

Tir khéa - Phanh tiv lwu; Phanh; Nhigu I&p dia; Dau t lwu; Téi wu
héa.
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Figure 2. Concept structure of conventional brake

2. MR Brake with Multiple Disks

The motivation to study a new MR brake is to enlarge
the space of active MR fluid to enhance the brake properties.
The new system uses magnetic of coil which form a rotor
block of the brake. Figure 3 is an inside cross section of
magnetorheological brake with multiple disk. It is possible
to distinguish rotor and stator from the Figure 3.

The rotor design has five layers, but the stator has four
layers. For the gap of MR fluid, we have eight, according
to the formula (2). The smaller the MR fluid gap, the larger
the prevention, but due to the difficulties of handling and
assembly, it is filled with a 1mm MR fluid thickness
between the rotor and the stator. When a magnetic field is
applied to the center pole, the magnetic field is created and
passes through the top and bottom paths for each MR fluid
region. The MR fluid will form a solid magnetic field shape
and it will attract stator and rotor. Rotor and stator generate
a prevention that stabilizes the shaft, the torque of a liquid
magnetic layer can be integrated by the T_MR of the fluid
work area and the cutting stress [5]:

Tyr = fAWerAW 1)
T=Tyq t+ TI% )

where Ay, is the area where the MR fluid contacts with the
rotor and the stator layers, r is the radius of the liquid
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region of the rotor disk pair, 7 is the shear stress, d is the
radius of the brake, 7,4 is the dynamic yiedld stress, 7 is
the kinematic viscosity of MR fluid, w is the angular
velocity of disk rotation, g are rotor layers and stator layers
filled with gaps in MR fluid, and equation (2) is inserted
into equation (1) as follows:

Tur = fAW r (Tyd +7n %r) dAy €))

Tur = Tyd + Tyis 4)
2

Tyy = frrf Jy " r?Tyqdodr (5)
T 2T

Ty = n%frlz Jy ridédr (6)

2
T=Tyq+Tyis +Tpr = 3 Tya (T'23 - T13)
nnw
t o (3 =r) + T, (@)

T,q is the torque to reduce the shear stress, T, is the
torque of the fluid viscosity, and T, is the torque generated
by the friction of the components in the magnetic field.
Total torque T is the sum of three layers of magnetizing
liquid, and MR liquid of this prevention has eight layers.
The total torque is:

Teotar = 8[Tyd + Tvis] + Tfr
nrw

2
= 8[2mrya(f =) + T2 =]+ T (®)
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Figure 3. Operation concept and section view
of multiple disk magnetorheological brake

The cost function of MRB optimization is set as the
maximum braking torque calculated by equation (8). The
basic characteristics of the brake structure for the new
brake is shown in Table 1 with the selected dimensions
based on the traditional braking. The magnetic simulation
model is built based on these specifications. MRF-132DG
fluids from LORD company is used as the MR fluid.

Table 1. Specifications of the brake block

Content Dimension
Outer diameter 110 mm
Number of turns 100 turns

Disk gap 1 mm

3. Result and discussion
From Figure 4, the simulation results from the 11mm-

thichkness magnetic channel show that the density of
magnetic pole and magnetic channel at spinning point
decrease more than 5 mm. This size is the largest size that
can be simulated [4].

Table 2. Parameter size of analysis of magnetic channel
thickness simulation

Name of part Dimension

Thickness of magnetic channel

5mmto 11 mm

Pole width 16 mm

Ampere coil 300 NI

Working area of liquid 1810 mm?
Thickness of magnetic channel Pole width

(b) 5mm-thickness magnetic channel
Figure 4. Distribution of magnetic flux density of
11mm and 5mm-thickness magnetic channel
The magnetic poles generate a contact surface of the
magnetic field caused after the electric current is applied to
the coil, so its width is an important factor of magnetic
permeability. The magnetic pole width is saturated or not,
which is affected by the number of ampere coils, so this
parameter definition must be optimized in sync with the
ampere-turn number to obtain the most suitable size.

Table 3. Parameters sizes from analysis of
magnetic pole width simulation

Size
8 mm

Name of part
Width of magnetic channel
Pole width
Ampere coil
Working area of liquid

13 mmto 19 mm
180 NI to 420 NI
1810 mm?
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Figure 5. Flux density distribution of 13mm-width magnetic pole

From Figure 5, the simulation results of 13 mm-width
magnetic pole show that the magnetic field is saturated
(dark red), resulting an insufficience of magnetic field flux,
the magnitude of the magnetic induction is too small and
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the flux is too saturated. Therefore, it is necessary to
increase the thickness of the magnetic channel.

From Figure 6, the simulation results of 19mm-width
magnetic pole show that the magnetic field density is very
low compared to the 13mm-width magnetic pole, so that
when the magnetic pole is 19mm, total magnetic field
density is sparse, and the magnetic pole width is too large.
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Figure 6. Flux density distribution of 19mm-width magnetic pole
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Figure 7. Relationship between the width of

the magnetic pole (axial radius) and torque
From the simulation of relationship between magnetic
pole width and the torque in Figure 7, we have found that
the width of the magnetic pole has a great influence on the
output torque. When the width is too small, the magnetic

induction B saturates fast, so that the torque is very small
and when the width is too large, it needs to be resized to
produce a uniform magnetic flux, leading to a reduction in
the torque in output. From the results of this simulation, the
amplitude of the magnetic field width can be set from
14 mm to 18 mm in the optimal program to improve the
sampling performance to optimize the parameters.

4. Conclusions

In this study, we have proposed the new concept of MR
brake with multiple disk. Simulation of model is executed
by the Maxwell. It can simulate the magnetic of the coil in
MR brake. Several parameters as well as the cost function
is figured out in the optimization. Optimal design of the
new MR brake is found via magnetic simulation.
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