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1 INTRODUCTION
Magnetorheological (MR) fluids are suspensions
of magnetizable particles in a carrier liquid such
as mineral, silicone or synthetic oil. When
exposed to an external magnetic field these
materials show sudden, significant and revers -
ible rheological property changes. Upon the
application of a magnetic field the suspended
particles interact with each other and aggregate
into chain-like structures aligned in the field
direction, which gives rise to an increase in the
suspension viscosity and the appearance of a
yield stress. The yield stress, which indicates the

threshold stress to break down the structure and
initiate flow, is one of the key properties of the
MR fluid. With increasing magnetic flux density,
the yield stress of the fluid increases until the sat-
uration magnetization of the particles is reached.
Detailed discussions on the mechanisms, rheol-
ogy and potential applications of MR fluids are
available in recent review articles [1–3].

Although the existence of a true yield stress
in fluids has been questioned [4, 5], it is general-
ly recognized that a variety of fluids exhibit a lim-
iting stress below which appreciable flow does
not occur. A number of techniques have been
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other through the whole flux density range. The
values obtained by the dynamic oscillatory test-
ing are at the same level with others at low flux
densities, but become higher when the flux den-
sity increases. It is worth noting that the stress
ramp test gave the lowest values of all, which is
in accordance with the results of Ulicny et al. [17]. 

All measurements were made for at least
two samples to get some information about the
reliability and reproducibility of the measure-
ments. In general, it turned out that the scatter
associated with the measurements decreases
with increasing magnetic flux density regardless
of the test method. It is evident, however, that
no definite judgments can be made on the mer-
its of different techniques studied here. Yet, par-
ticularly at higher magnetic flux densities the
extrapolation of the steady flow curve appears
to be a rather straightforward and reliable way
to determine the yield stress of the MR fluid. At
low magnetic flux densities the scatter with this
method is quite large (more than ± 10 %), but
decreases clearly with increasing magnetic flux
density. The stress ramp technique, on the other
hand, exhibits the lowest scatter (less than ± 5%),
but the yield stress results tend to be dependent
on the ramp rate at least within the experimen-
tal parameter range used here. A similar draw-
back is encountered with the dynamic oscillato-
ry testing, that is, the yield stress values attained
are frequency dependent. The scatter with this
type of experiment was between ± 5 - 15 %
depending on the applied magnetic flux density.

In the present work, the interpretation of the
rheological data was based on the assumption
that the no-slip condition prevails at the fluid-
plate interfaces of the rheometer. It is, however,
well known that slip may occur particularly for
complex fluids like suspensions and emulsions.
It is possible to detect the presence of slip with
the plate-and-plate measuring geometry by
varying the gap between the plates. If slip occurs,
the measured shear stress at a fixed nominal
shear rate appears to decrease with decreasing
gap. To examine this matter, a couple of steady
shearing experiments were also conducted with
gaps less than 1 mm. A point worth noting here
is that for a given coil current the magnetic flux
density within the sample increases with
decreasing gap, as demonstrated by Mazlan et al.
[31]. Thus, in order to allow for a meaningful eval-
uation of slip the input current needs to be
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adjusted to give a comparable flux density for
each gap. Within the experimental uncertainty,
the data measured with different gaps coincid-
ed with each other implying the absence of slip. 

4 CONCLUSIONS
The characterization of the field-dependent yield
stress is essential for the development of MR flu-
id technology. Using the rotational rheometer
with a magnetic field generator and a plate-and-
plate configuration, we compared a variety of
techniques for determining the yield stress of a
commercial MR fluid as a function of magnetic
flux density. The yield stress values were deter-
mined using steady shear, stress ramp and
dynamic oscillatory measurements. Comparison
of the results showed relatively good agreement
between the methods.

REFERENCES
[1] Bossis G, Volkova O, Lacis S, Meunier A: Magne-

torheology: fluids, structures and rheology, in:
Ferrofluids: Magnetically Controllable Fluids and
Their Applications, Odenbach S (Ed), Springer,
Berlin (2002).

[2] Goncalves, FD, Koo J-H, Ahmadian M: A review of
the state of the art in magnetorhelogical fluid
technologies - Part I: MR fluid and MR fluid mod-
els, Shock Vib. Dig. 38 (2006) 203-219.

[3] Wang X, Gordaninejad F: Magnetorheological
materials and their applications, in: Intelligent
Materials, Shahinpoor M, Schneider H-J (Ed), RSC
Publishing, Cambridge (2007).

[4]  Barnes HA, Walters K: The yield stress myth?, Rhe-
ol. Acta 24 (1985) 323-326.

[5] Barnes HA: The yield stress – a review or ‘rei
panta’ – everything flows?, Non-Newtonian Flu-
id Mech. 81 (1999) 133-178.

[6] Nguyen QD, Boger DV: Measuring the flow prop-
erties of yield stress fluids, Annu. Rev. Fluid. Mech.
24 (1992) 47-88.

[7] Tiu C, Guo J, Uhlherr PHT: Yielding behaviour of
viscoplastic materials, J. Ind. Eng. Chem. 12 (2006)
653-662.

[8] A. Sun, S. Gunasekaran. Yield stress in foods: mea-
surements and applications. Int. J. Food Prop. 12
(2009) 70-101.

[9]  Nguyen QD, Akroyd T, De Kee DC, Zhu L: Yield
stress measurements in suspensions: an inter-
laboratory study, Korea-Australia Rheol. J. 18
(2006) 15-24.

[10] Genc S, Phule PP: Rheological properties of mag-
netorheological fluids, Smart Mater. Struct. 11
(2002) 140-146.

[11] Li WH, Du H: Design and experimental evalua-

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



tion of a magnetorheological brake, Int. J. Adv.
Manuf. Technol. 21 (2003) 508-515.

[12] Mantripragada S, Wang X, Gordaninejad F, Hu B,
Fuchs A: Characterization of Rheological Proper-
ties of Novel Magnetorheological Fluids, Proc.
10th Int. Conf. on ER Fluids and MR Suspensions
(2006) 180-186.

[13] Ngatu GT, Wereley NM: High versus low field vis-
cometric characterization of bidisperse MR fluids,
Proc. 10th Int. Conf. on ER Fluids and MR Suspen-
sions (2006) 263-269.

[14] Yeow YL, Leong Y-K, Khan A: Error introduced by
a popular method of processing parallel-disk vis-
cometry data, Appl. Rheol. 17 (2007) 66415.

[15] Kordonski W, Gorodkin, S, Zhuravski N: Static
Yield Stress in Magnetorheological Fluid, Int. J.
Mod. Phys. B15 (2001) 1078-1084.

[16] Bombard AJF, Knobel M, Alcantara MR, Joekes I:
Evaluation of magnetorheological suspensions
based on carbonyl iron powders, J. Int. Mat. Syst.
Struct. 13 (2002) 471-478.

[17] Ulicny JC, Golden MA: Evaluation of yield stress
measurement techniques on a parallel plate
magnetic rheometer, Int. J Mod. Phys. B21 (2007)
4898-4906.

[18] Yang Y, Li L, Chen G: Static yield stress of fer-
rofluid-based magnetorheological fluids, Rheol.
Acta 48 (2009) 457-466.

[19] Li WH , Du H, Chen G, Yeo SH : Experimental inves-
tigation of creep and recovery behaviors of mag-
netorheological fluids, Mater. Sci. Eng. A333
(2002) 368–376.

[20] Keentok M, See H: Behavior of field-responsive
suspensions under oscillatory shear flow, Korea-
Australia Rheol. J. 19 (2007) 117-123.

[21] Laun HM, Gabriel C, Kieburg CH: Magnetorheo-
logical fluid (MRF) in oscillatory shear and para-
meterization with regard to MR device proper-
ties, J. Phys.: Conf. Ser. 149 (2009) 012067.

[22] Laeuger J, Wollny K, Stettin H, Huck S: A new
device for the full rheological characterization of
magneto-rheological fluids, Proc. 9th Int. Conf.
on ER Fluids and MR Suspensions (2004) 370-376.

[23] Laun, HM, Schmidt G, Gabriel C, Kieburg C: Reli-
able plate-plate MRF magneto-rheometry based
on validated radial magnetic flux density profile
simulations, Rheol. Acta 47 (2008) 1049-1059.

[24] Macosko CW: Rheology: Principles, Measure-
ments, and Applications. VCH Publishers, New
York (1994).

[25] Brunn PO, Asoud H: Analysis of shear rheometry
of yield stress materials and apparent yield stress
materials, Rheol. Acta 41 (2002) 524–531.

[26] Yang MC, Scriven LE, Macosko CW: Some rheo-
logical measurements on magnetic iron oxide
suspensions in silicone oil, J. Rheol. 30 (1986)
1015–1029.

[27] Walls HJ, Caines SB, Sanchez AM, Khan SA: Yield
stress and wall slip phenomena in colloidal silica
gels, J. Rheol. 47 (2003) 847-868.

[28] Ulicny JC, Golden MA, Namuduri CS, Klingenberg
DJ: Transient response of magnetorheological
fluids: shear flow between concentric cylinders.
J. Rheol. 49 (2005) 87-104.

[29] Ciocanel C, Molyet K, Yamamoto H, Vieira SL,
Naganathan NG: Magnetorheological fluid
behavior under constant shear rates and high
magnetic fields over long time periods, ASME J.
Eng. Mater. Technol. 128 (2006) 163-168.

[30] Masalova I, Malkin AYa, Foundazi R, Yield stress
of emulsions and suspensions as measured in
steady shearing and in oscillations, Appl. Rheol.
18 (2008) 44790. 

[31] Mazlan SA, Issa A, Chowdhury HA, Olabi AG: Mag-
netic circuit design for the squeeze mode exper-
iments on magnetorheological fluids, Mater.
Des. 30 (2009) 1985-1993.

45875-7Applied Rheology
Volume 20 · Issue 4

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org


