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Manufacturing and Testing of an Optimized Magneto-Rheological Fluid and Modelling of a
Twin Tube Magneto-Rheological Damper Using a Modified Non-Newtonian Model Using
Analytical Quasi-Static, Analytical Unsteady, Numerical and Experimental Methods
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ABSTRACT: Magneto-rheological fluids are one of the intelligent fluids which have been extensively
used in engineering application including magneto-rheological dampers. Having yield stress in a magnetic
field and ability to control and increase their viscosity are their most important characteristics. After three
different carbonyl iron powders were subjected to analysis, five different magneto-rheological fluids
were synthesized and were tested for stability and the optimized fluid obtained. The results obtained
from the optimized magneto-rheological fluid with 85% (weight %) iron powder was similar to that of
LORD oil. Also, a modified non-Newtonian rheological model was developed to predict the behavior
of the optimized magneto-rheological fluid which is more accurate than Bingham and Herschel-Bulkley
models and could be implemented in computational fluid dynamic modelling. The modelling of the
damper was conducted by implementing modified non-Newtonian and Bingham models using analytical
quasi-static, unsteady and computational fluid dynamic methods and the results were validated with
experimental data. The results show that neglecting factors including fluid shear thinning, wall shear
stress and inertia term effects and effect of magnetic field on plastic viscosity in conventional modelling
methods results in considerable error that will increase as magnetic field, Reynolds number and gap are
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1. Introduction

MagnetoRheological Fluid (MRF) and ElectroRheological
Fluid (ERF) are smart fluids that display a reversible and rapid
transition behavior from a free flowing state to a semi-solid
state in the presence of external magnetic and rapid transition
behavior from a free flowing state to a semi-solid state in the
presence of external magnetic and electric field. In the past
decades, many studies have been conducted for MRF and
MR damper modeling. Experimental, Computational Fluid
Dynamics (CFD), and analytical modeling of MR dampers
have been presented by several researcher [1-8].

2. Methodology

In this study and after three different carbonyl iron
powders were subjected to Scanning Electron Microscopy
(SEM) and Energy-Dispersive X-ray (EDX) analysis,
five different MRFs were synthesized and were tested for
stability. Effect of iron powder weight percentage in the fluid
and preservative on level of sedimentation in the MRFs were
investigated and the optimized fluid in terms of stability and
concentration was selected for rheological characterization in
various magnetic fields.

Using obtained rheumatic test results, a modified non-
Newtonian rheological model was developed to predict the
behavior of the optimized MR fluid which is more accurate
than Bingham and Herschel-Bulkley models and could be
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implemented in CFD modelling. This model is shown in Egs.
(1) and (2).
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Also, An unsteady analytical model is developed for
magnetorheological fluid flow through the annular gap which
is opened on the piston head of twin tube magnetorheological
damper, and The system of three nonlinear Egs. (3) to (5)
with three unknowns is solved numerically and K, ypi, and
ypo are obtained

The modelling of the MR damper was conducted by
implementing modified non-Newtonian and Bingham models
using analytical quasi-static,

Unsteady and CFD methods and the results were validated
with experimental data. In CFD modeling, continuity and
Navier stocks Eqgs. (6) and (7) are solved numerically, using
Finite Element Method (FEM).

3. Results and Discussion
Fig. 1 shows the graphs of the stress-strain rate relationship
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of the MRF 140-CG and optimized MRF. As is shown in this
figure, the results obtained from the optimized MRF with
85% (weight %) iron powder was similar to that of LORD
MRF-140CG oil.

Experimental results is shown in Fig. 2. It is observed that
the modified model is in good agreement with the measured
values and is more accurate than Bingham and Herschel

-Bulkley models.

Force—displacement hysteresis loops of MR damper
from analytical and CFD models and experimental results are
compared in Fig. 3.

It is observed that the CFD model is in good agreement
with the measured values and is more accurate than present
and conventional investigated analytical methods. Because,
new modified Non-Newtonian model is used in CFD model.
Also, present analytical models is more accurate than
conventional investigated quasi-static method. It is due to,
neglecting factors including fluid shear thinning, wall shear
stress, inertia term effects and effect of magnetic field on
plastic viscosity in conventional modelling methods

4. Conclusions

In this study, five different MRFs were synthesized
and were tested for stability. Effect of iron powder weight
percentage (85%, 75% and 65%) in the fluid and preservative
(1%2% and 3%) on level of sedimentation in the MRFs were
investigated and the optimized fluid in terms of stability and
concentration was selected for rheological characterization
in various magnetic fields. The results obtained from the
optimized MRF with 85% (weight %) iron powder and 1%
preservative was similar to that of LORD MRF-140CG oil.
Also, a modified non-Newtonian rheological model was
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Fig. 1. A Comparison of Magnetic Rheumatic tests results of
MREF 5 and Lord MRF CG 140 Oil
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Fig. 2. Fitted data of Magnetic Rheumatic tests of MRFS5 with
new modified model, Bingham-plastic and herchel-bulkly
model

FdN)
m ~— Quasi-static
4 200 +

[ ]
Ll . . Unsteady
gy W)
-0.925 -0.015 -0.005+ 0.005 0.015 0.425 CFD
-100 +
-200 + = Zhu, X et.al
) [44]

[4 o Expdata
¥0%3 0 omeme®e o9

-500

Fig. 3. A Comparison between quasi-static, unsteady, conventional
model, CFD and experimental data
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developed to predict the behavior of the optimized MR fluid
which is more accurate than Bingham and Herschel-Bulkley
models and could be implemented in CFD modelling. The
modelling of the MR damper was conducted by implementing
modified non-Newtonian and Bingham models using
analytical quasi-static, unsteady and CFD methods and the
results were validated with experimental data. The results
show that neglecting factors including fluid shear thinning,
wall shear stress and inertia term effects and effect of magnetic
field on plastic viscosity in conventional modelling methods
results in considerable error that will increase as magnetic
field, Reynolds number and gap are increasing. Consequently
presented model and methods, could be used for improved
MR damper.
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Fig. 1. SEM image of the particle structure and size of three carbonyl iron powder samples
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Fig. 14. Effect of magnetic field on velocity profile of optimal MR fluid flow (MRF) in MR damper a) without magnetic
field b) with magnetic field and pressure field ¢) without magnetic field d) with magnetic field using CFD model
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Fig. 20. Effect of magnetic field on a) wall shear stress b) damping force due to wall shear atress ¢) damping force ob-
tained from conventional formula and present work d) Equivalent damping constant of damper

031930 859y oy i 3 (L Soamod (G955 (29 051995 (595 (b 3 LT (AW p (o liko lase yiT:Ye S
bl (ylase caxd g (lowe gy Sl 10 (Sb yo 990 yuod Jgliso Jgo 8 g ol o i (z
200 Joleo (90 b g (o liko (lose (il 381 T4y bgs po gy L dung Lo (s

GRIBI L (Sl Sge ped Sies 950 sl sl Jge b )
s 5l e peimen aibse Gialil eeblie loge
b JB8) » (oblise Glase ST 28,50 513 55 51 (36 0l 55
s lie jsbay ail o (A) abaly )0 (ke 51 (2le5 p0
203 Jolao (lims oy (oueblite Glace (1381 ST4 by e
ol o oals HLas ()Y e S0 o by, 90 o3l soliiul L [6Y]
oo 03,5 (WY JSs o pols )15 4 by e gl (oLl

|

9 OFmm pw 90 G )Lid SUST (M) alasl) Jgo 8 Bollae
Bl g Kiped Soy 2 S50 yel)l 90 o)l (g9, (b LB
seals b (@YY G 0 sadesls las C-’L“ Blae yumen

AT

a0jeSng 9 puked Gl amb 0 (b S8, p cebliae
Seiadl Aoy oo leas Ll said Jleel Sedl
Jls 4598 g b oadand 51 oy 4 yo JIS056058 905 Jlonw
el oo a8 Ik o LSS penblae lase e > o
S3y op O g o)les &8 > Sl (Jee s cpl jo izren
89y QSWJ" uA..u).a >.¢.~u.]a Lo u‘d.;.o J.s‘ ol 00l J.la)dfa so)‘%é
5 (@DY la S jo it opl 5l (o6 Saes (5955 9 0)lgno

Wloads ools UL.,.,.) ()Y~

bl (lase Gl L pogasay sl oo oamline oS b les

Abse Gl Saped 9y » 0l Sl 05l (9, by RS
oMTwag s sz (O)Y- @Y sl s las ass o



VFeo BAYVY dxbo MY o JL..J &y D)LM QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

(6=0.0015m),.50>,l5

----- (B=0.0015m)[FFI3/,(San 5,05 55
(4=0.003[m),.5l>,l5
----- hb=0. a%[in(%]-) FF o (San 5 uSol 551
R e L LT
--------------- L 50=mmmmmmmaaoX[()
025 0015 __0.005 10005 -005. 0425
_ —
_________________ B et
SN ‘______/
-850
b) (-

----- Twon (pa)(h=0.003(m))
APt(Pa)(E=0.0015m)

Twen (pa)(b=0.0015(m))

----- APE(P3)(@H=0.003

LE+0S e ca o 3.E+06
AP(P3

SE+HM4 3 2.E+06

6.E+04 2.E+06

4E+04 | E ] 1E+06

2.F+04 E ] sE+05
m

0.E+00 e 0.E+00

2E+010025 -0.015 -0.005£0.005 0.015 0425505

4E+04 { -LE+06
-6E+04 2 E+06
-8E+04 3 -2E+06
_LE+05 3 _3E+06

a) (&l

Fig. 21. Effect of gap thickness on a) pressure drop and wall shear stress b) damping force obtained from two method
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