48 Int. J. Structural Engineering, Vol. 7, No. 1, 2016

Analysis of the magnetic field for MR damper working
in shear mode

Titikshya Biswal and
Lokavarapu Bhaskara Rao*

School of Mechanical and Building Sciences,
VIT University, Chennai Campus,
Chennai-600127, Tamil Nadu, India

Email: titikshya.biswal2014(@vit.ac.in
Email: bhaskararao@vit.ac.in
*Corresponding author

Abstract: Seismic control, restorative and mechanical vibrations speak about a
wide range of research that is emerging rapidly. Magneto-rheological dampers
have as of late turned into an object of concentrated studies because of their
interesting physical features and their ability to control damping in mechanical
systems. In this paper an MR damper is analysed as a 2D model to be
axisymmetric and finite element analysis using ANSYS is done to simulate the
distribution of the magnetic field in the damper for a given current. Then the
design for assembly (DFA) software tool is used for estimating cost of
assembly of the final product.
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1 Introduction

A magneto-rheological fluid (MR fluid) is a sort of smart fluid in a carrier liquid,
normally a kind of oil. At the point when subjected to a magnetic field, the fluid
extraordinarily increases its apparent viscosity to become a viscoelastic solid. Essentially
when the fluid is in active state, its yield stress can be controlled precisely by differing
the magnetic field intensity. The consequence of this is that the fluid’s capacity to
transmit power can be controlled with an electromagnet, which is advantageous for its
numerous conceivable applications based on vibration control. MR fluid is not quite the
same as a Ferro liquid which has smaller particles (Khan, 2012). Size of the MR liquid
particles are in micrometres, they have ellipse or spherical shape and it is not quite easy
for Brownian motion to keep them floating in the lower density transporter liquid because
they are excessively thick. Ferro fluid particles are principally nanoparticles that are
suspended by Brownian movement and would not settle under typical conditions.

In ordinary circumstances the magnetic particles are suspended inside the carrier oil
and distributed haphazardly. However when a magnetic field is connected, the
microscopic particles which are in the micrometer range adjust themselves alongside the
magnetic flux lines. At the point when the liquid is limited between two plates of
opposite poles (usually this partition range is kept between 0.5 and 2 mm), movement of
the fluid is limited by the resulting chains of particles to be at right angles to the magnetic
flux direction, adequately expanding the viscosity (Wereley and Pang, 1997; Zhang,
1992). Imperatively, the MR fluid shows anisotropic mechanical properties in its active
state. Hence in outlining a MR device, it should be guaranteed that the magnetic flux
lines are maintained perpendicular to the path of the movement to be confined.

On account of MR fluids a magnetic field causes the chain like arrangement of the
suspended particles by actuating a magnetic moment. MR fluids exhibit a yield stress
expanding with the connected field, and both a pre-yield region, described by elastic
properties, and a post-yield region, portrayed by viscous properties (Ahmadian, 1999).
Because of their qualitatively similar conduct, phenomenological models of ER and MR
liquid gadgets can basically be connected to either material.

2 Modes of operation

A MR fluid is utilised as a part of one amongst the three principle modes of operation,
which are valve (flow) mode, shear mode and squeeze-flow mode as shown in Figure 1.

a  In the valve (flow) mode, MR fluid is made to flow between static plates by a
pressure drop, and the flow resistance can be controlled by the magnetic field which
runs normal to the flow direction. Example of the flow mode includes actuators,
servo-valves and dampers.

b  In the shear mode, the MR fluid is placed between plates moving in relation to each
other and the magnetic field flows perpendicular to the course of motion of those
shear plates. The magnetic field produced controls the characteristics of shear rate
versus the shear stresses (Jansen and Dyke, 2000).
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¢ In the squeeze mode the change of distance between the parallel pole surfaces leads
to a squeeze flow. In this mode generally high forces are achieved. So squeeze flow
mode is particularly appropriate for the damping of vibrations with high dynamic
forces and low amplitudes (in millimetres) (Gong and Xuan, 2014).

Figure 1 Modes of operation of MR fluid (see online version for colours)
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There are numerous applications making use of the different modes. Flow mode which
utilises the movement to compel the fluid to be controlled through channels across which
a magnetic field is applied can be utilised as a part of shock absorbers. Shear force is
especially helpful in applications which need rotational motion to be controlled such as in
clutches, brakes. Squeeze flow mode is most suitable for applications controlling small,
millimetre-order movements yet including large forces (Yoshioka et al., 2002). Generally
speaking, involving these modes of operation, MR fluids are effectively applied to an
extensive variety of use.

3 MR dampers

MR dampers have, as of late, turned into an object of concentrated studies because of
their interesting physical features and their ability to control damping in mechanical
systems. On exposure to a magnetic field MR fluid changes from free flowing linear
viscous liquids to partially solids having convenient yield strength. This transition occurs
in milliseconds. This peculiarity gives basic, quiet, rapid response interfaces between
electronic controls and mechanical systems.

MR fluid dampers are new semi-active devices that utilise MR fluids to give
controllable damping strengths. These devices overcome large portion of the costs and
technical challenges connected with semi-active devices previously considered. The
designed linear MR damper is an actuator that permits controlling performance
characteristics. The magnetic field strength in the working gap and the speed of the piston
decides the resisting force. MR dampers are described by huge damping force, less power
consumption and hence are utilised as a part of different vibration control frameworks
(Ashfak et al., 2009). The various parts of MR damper are shown in Figure 2.
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Figure 2 Parts of a MR damper (see online version for colours)
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3.1 Finite element modelling of MR Damper

The external magnetic field decides the MR effect of the MR fluids. So design of the
magnetic field is the most important part of the MRFs damper. In this paper the finite
element analysis is done to simulate the distribution of the magnetic field in the damper
using ANSYS (ANSYS APDL R14.5 User Manual). In our study we will consider a MR
damper working in shear mode. An MR damper is to be analysed as a 2-D axisymmetric
model. For a given current, we can determine the distribution of magnetic field and
magnetic flux density in the damper. In this study the MR damper consists of a copper
coil wound on piston, piston made of carbon steel, steel plates made of steel SAE 1045
and MR fluid used is the Lord MRF-132 DG (SolidWorks 2013 User Manual).

3.2 Assumptions for electromagnetic analysis in ANSYS APDL

e The MR damper is considered as a 2-D axisymmetric model.

e  Flux leakage out of the housing and engine of the model is assumed to be negligible
enough. This assumption is taken for the material to not get saturated.

e Amongst the variety of elements that ANSYS includes to represent the
electromagnetic phenomenon, PLANEI3 is taken to be the most apt element for our
model because it is a 2-D quadrilateral coupled-field-solid containing four nodes
(Zheng and Wang, 2014).

e To specify material properties in ANSYS the constant relative permeability for each
material is specified, which for MR fluids can be defined by the B-H curves.

The following steps are followed to carry out the analysis:

e A 2D axisymmetric model of the MR damper is created. The different areas in the
model represent the piston engine, MR fluid gap, electrical coil and plastic liner air
gap as shown in Figure 3.
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Plane 13 element is used to model the electromagnetic phenomena.

Material properties for different components are defined. For different materials used
in the model, the constant relative permeability is defined and for MR fluid the
properties are defined by the B-H curve. Properties for the materials used are shown
in Table 1 and the material properties specification in ANSY'S is shown in Figure 4.

The B-H curve values for MR fluid Lord MRF-132 DG are taken from Figure 5 and
plotted in ANSYS to assign fluid properties.

Meshing the model: after assigning attributes to all regions, meshing of all the areas
is done using mesh attribute.

Applied boundary conditions and load: loads and boundary conditions can be applied
to a 2-D static magnetic analysis either on the finite element model or the solid
model. In this model, the magnetic vector potential is specified to be zero. The model
after applying boundary conditions is shown in Figure 6 (Thakkar et al., 2013).

Figure 3 2D axisymmetric damper piston in ANSYS (see online version for colours)

Table 1 Material used for this analysis

Components Material type Permeability Saturation flux density
Material housing Carbon steel 200 1.35

MR Fluid MRF132-DG B-H Curve B-H Curve
Piston Carbon steel 200 200

Coil Copper 1 -

Air gap - 0.005 -
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Figure 4 Specifying material properties in ANSYS (see online version for colours)
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Figure 6 Meshing and boundary conditions applied in ANSY'S (see online version for colours)
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4 Cost of assembly

DFA Tool (Design for Assembly 9.4 User Manual) is used to assist in the design of the
product such that production happens at a minimum assembly cost, concentrating on the
number of parts and taking care of the simplicity of assembling.

The damper consists of three major parts, a cylinder, a piston and a coil and DFA tool
is used to estimate the cost and time of assembly of these parts. The labour rate is
considered to be 30.00 $ per hour. For every part the properties data are defined as shown
in the Figures 7, 8 and 9.
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Figure 7 Part characteristics — cylinder (see online version for colours)

LT M

Fie [dd Anshyss Yiew Beports Graphs Took Help
=58 Damger
» [
@ uxn
& co
Drignal yatised
Endry lndals Proschuct
Cound 1 3
Minimum ceunt 1 3
Lakor b, & 345 1225
Lakor cost § 203 12
Oither op. cost $ 000 .00
Assy. moifdure, § Qoo .00
temoosls 3 Qo0 0
Tesd gual 003 ka2
DFs e T8

Defnition

Harma [xanger

Paistt framminr [
Fapest cout 1

oy @y ot

L e

~Securing methad

“m“'" i erea l.ﬂm
Ao e A

&

Mirimm part oribena

e Theori: plly st b
cepa sfe bacaume of

P o BU-

e i & candidabe for elmination:
@ e BT, G oo
Ermricpe dreitiony. =

® »

Symmetry

A AT A
A-"As A"
W @ur e
¥ a2
¥ t W

blme BT &0

 Haaging dfficutins

DFE% 2 XBe s >S aa PR c@EMY ?

rrsarion dificuliey

ﬁm Emn &m
b el Tl Ty
Q= M den

Labor time

Eem teichng detanos wihn casy resct 1|
Bam hasding and fetching tme, 8 1.9%
PR EETAN 19 A 150
Manufachuring data e Frodorl
Piaco par cosl § im‘ﬂ 0.00
Bem cond pof ke, 3 EN .00
Teokgivestnent 3 [0 a
Wiaight per iem, By !DN TO.E5

55

Buoa | Fow [T
Hotea

inel Brmciang
D% 850 B2




56 T. Biswal and L.B. Rao

Figure 8 Part characteristics — piston rod (see online version for colours)
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Figure 9 Part characteristics — coil (see online version for colours)
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5 Results and discussion

We had placed the flux parallel boundary condition around the model. We have assumed
negligible flux leakage out of the model. This implies the flux is acting parallel to the
surface. As shown in Figure 10, the coil is surrounded by the flux path and if we minutely
observe at the MR fluid gap, concentration of many flux lines can be seen (Thakkar et al.,
2013). Additionally, in this model the magnetic vector potential is specified to the lines
shifting as soon as they hit the gap indicating the effect of the MR fluid on the electric
circuit. Once the magnetic induction vectors hit the MR fluid gap they change directions.
This is because the properties of the MR fluid differ from that of the damper housing and
engine.

Figure 10 Magnetic flux lines around the electrical coil (see online version for colours)

NODAL SOLUTION
STEP=1
SUB =1
TIME=1
BSUM {AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
SMX =.809291
0
.089921
.179843
.269764
.359685
.449606
.539528
.629449
. 711937
_806281

The magnetic flux density vectors are represented by the magnetic flux lines. As shown
in Figure 11 through the side of the gap is a high magnetic induction, this implies the
magnetic flux lines are concentrated and this concentration will decrease when
rheological saturation is reached.

We need to obtain results at each node of an element for which Nodal solution proves
to be helpful. Also the ANSYS model helps to generate the magnetic induction at the gap
of the MR fluid. Each time the electrical current to the coil is increased the magnetic
induction will increase and we’ll get new results (El-Aouar, 2002).

In this study the current applied varies from 0-2A. Results obtained from ANSYS
APDL module shows that with increasing current the magnetic flux increases. From that
flux density, the yield stress at the MR fluid gap, flux density shear stress, pressure drop
and damper force can be analysed using the formulas (1), (2) and (3) (Sternberg
et al., 2014).
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Figure 11 Magnetic flux density (see online version for colours)
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c constant

F force that is developed between pole plates in shear mode
Fn  viscous shear force

Fr  magnetic dependent shear force

S relative velocity between pole plates used in shear mode
A pole area.

Formulas (1), (2) and (3) are derived based on the assumption that the MR fluid is
modelled according to the Bingham model. The constant ¢ depends on AP#/APy and
varies from 2 to 3.

Figure 12 Executive summary (see online version for colours)
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From DFA analysis it can be estimated that the assembly time for the three parts is 12.25
seconds, the labour cost per product is 0.12 $ and the DFA index is found to be 71.8
which is near to ideal case scenario. This is shown in Figures 12 and 13.

Figure 13 Analysis totals
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