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Flexible fixturing is an important issue in manufacturing, where
a single set of fixtures are used for locating and holding a
variety of workpieces. Flexible fixturing with phase-change
materials involves the use of functional materials which change
the status from liquid to solid under certain conditions. The
workpiece is located in the liquid fixture material and held
firmly when the material is changed into the solid state.
Therefore, the material strength in the solid state is crucial
for a successful application to production.

This paper presents an experimental study of magnetorheol-
ogical (MR) fluid material. With the application of a com-
pression technique, a thick column structure is formed and
enhanced. Hence, a high shear strength of the MR fluid in
solid status is achieved. Experimental results are reported in
this paper. Further application of this technique is under
development for flexible fixturing in industrial applications.
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1. Introduction

Recently, there is a great deal of interest in flexible fixturing,
which involves employing a single device to hold parts or
assemblies of different shapes and sizes while they are being
subjected to a wide variety of external force fields and torques
associated with conventional manufacturing operations. Cur-
rently, the most widely used flexible fixtures are adjustable
fixtures and modular fixtures [1,2]. The former is specially
designed for a family of parts. Through adjustments of the
positions of one or more fixture elements (locators and/or
clamps), a certain degree of flexibility can be expected. Modu-
lar fixtures were originally developed for small batch pro-
duction to reduce the fixturing cost, where a dedicated fixture
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was not economically feasible. The flexibility of a modular
fixture is derived from the large number of fixture configur-
ations from different combinations of the fixture elements
which may be bolted to a baseplate. Computer-aided fixture
design (CAFD) technique has been rapidly developed in recent
years in order to apply modular fixtures in industry widely
[3,4]. Problems involved in the application of adjustable and
modular fixtures include the limitation of flexibility which may
not be suitable for irregular shaped workpieces such as turbine
blades. The concentrated clamping forces may lead to undesired
deformation, especially in precision machining of parts with
complex geometry. The large number of fixture elements stored
to ensure the flexibility by different combinations also results
in an increase of work-in-process inventory.

Flexible fixturing based on the concept of material phase-
change exploits the ability of certain classes of materials to
change from a fluid to a solid, and back to a fluid again,
which has become one of the most promising technologies in
flexible fixturing [5]. This phase-change must be easy to control
and must have no harmful effect on the workpiece. Typical
operations in applying this type of fixture include two steps.
First, when the material is in the fluid state, the workpiece is
immersed in the fluid. By altering certain conditions, the fluid
is changed to a solid which holds the workpiece fixed. Then,
the workpiece is subjected to the desired operation. After the
operation, the workpiece can be removed from the fixture by
changing the material back into a fluid.

Fixtures with phase-change materials can be broadly classi-
fied into two groups:

1. Fixtures incorporating materials which undergo an authentic
phase-change.

2. Fixtures incorporating materials which undergo a pseudo-
phase-change [6].

In an authentic phase-change, temperature has been used to
control the change [7]. Up to now, low-melting-point alloys
are most widely employed for phase-change fixtures. However,
the temperature change may cause deformations, because the
wall thickness of the workpieces may be different and the
speeds of phase change may vary. Therefore, low-melting-point
alloys have limitations when used for flexible fixtures. There



Flexible Fixturing. Part 1 823

are also serious environmental concerns over the presence of
the element lead in low-melting-point alloys.

A fixture with pseudo-phase-change materials uses the two-
phase nature of a particulate fluidised bed. A container (fluid-
bed) is filled with particles and incorporates a porous floor
through which a stream of air passes at a carefully controlled
rate. When the air supply is activated, the particulate bed acts
as a fluid, permitting the workpiece to be placed into the bed
with minimal resistance. The air supply is then switched off
and the particles compact under gravitational loading to form
a solid mass which holds the workpiece in place. The work-
piece is then subjected to the desired sequence of operations.
After the operations, the workpiece is unloaded by reactivating
the air supply [8,9]. Although the phase of the materials is
not changed in these processes, the fixturing principle is very
similar to phase-change fixturing. However, the magnitude of
the force that can be exerted on the part is limited in these
pseudo-phase-change materials. Clamping stability could be a
problem when the workpieces are subjected to strong machin-
ing forces.

Fixtures using phase-change materials can be adapted easily
to the change of part geometry. Therefore, phase-change fix-
tures are a type of truly flexible fixture. In contrast to mechan-
ical fixturing, in which the clamping forces are applied only
on very small areas, even points, phase-change fixturing has
the ultimate conformity of forces. It is suited for workpieces
with complex curved surfaces which must be held during
operations and the workpieces which are compliant and are
liable to deform. The development of flexible fixtures with
phase-change materials presents great potential for innovation
in flexible fixturing technology.

2. Electrorheological and
Magnetorheological Fluids

Electrorheological (ER) and magnetorheological (MR) fluids
are typical phase-change materials where electrical and mag-
netic fields are applied to control the phase-change. A typical
ER fluid is made of a suspension of fine dielectric particles
in a liquid of low dielectric constant [10,11]. If there is no
electrical field (E) applied, the liquid suspension is stable with
low viscosity. When E is applied, there are two kinds of
interaction, first, between dielectric particles and electrical field,
and, secondly, between the dielectric particles. The effective
viscosity increases dramatically asE increases. OnceE exceeds
a critical value, the ER fluid becomes a solid with a body-
centred tetragonal (BCT) structure. Figure 1 shows the dielec-
tric particle distributions at different stages of applying the
electrical field [11]. Figure 2 shows experimental measurement
of the BCT structure [12]. The yield stress increases asE is
further strengthened. This process is reversible with a transition
time of less than 1 ms. Since a phase-change in ER materials
is induced by an electric field, the ER effect covers a wide
range of temperatures and need not cause temperature changes
in the workpiece. In addition, an induced ER solid is much
stronger than a system with close-packed particles under earth
gravity, employed in pseudo-phase-change fixtures. Current ER
fluids have a typical yield stress of around 10 kPa and the

highest is about 60 kPa [13]. Therefore, ER materials can be
ideal for flexible fixturing: strong, totally flexible, and quick
in operation. Since a strong electric field is required to induce
the phase-change, the ER fluid is usually applied as a thin
film to minimise the distance between the two poles.

Similarly, MR fluids consist of a suspension of ferromagnetic
or paramagnetic particles of micrometre size in a non-magnetic
carrier fluid. Surfactants are added to alleviate the settling
problem. When a magnetic field is applied, the particles become
polarised and are thereby arranged into chains or clusters. The
chains can further aggregate into columns, when the MR fluid
exhibits a solid-like mechanical behaviour. Its strength further
increases with the external field. Field-induced solidification is
reversible and the timescale for the chain formation is in the
order of milliseconds. The performance of MR fluids depends
on their chemical and physical stability, temperature depen-
dence, zero-field viscosity, response time, and the yield stress.
Among these factors, the yield stress, being an indication how
strong MR fluids are in a magnetic field, is the key parameter
for applications, especially in flexible fixturing.

Currently, MR fluids have a typical shear stress of around
80 kPa. Therefore, MR fluids began to be employed in a few
industrial applications such as shock absorbers, clutches, engine
mounts, and vibration controls [14,15]. Ginder and Davis [16]
predicted that the yield stress of an iron-based MR fluid at
50% volume fraction was about 200 kPa. Their calculation is
based on a single-chain structure and takes the magnetic satu-
ration into account. The prediction would be correct if the
magnetic particles in MR fluids form only the single-chain
structure.

ER and MR fluids have attracted considerable attention
recently because the mechanical properties of these fluids can
be electrically controlled. The field-induced shear stresses in
MR fluids are even larger than for ER fluids in magnitude,
which is especially advantageous when processing non-ferrous
metals [14]. The property requirements of ER and MR phase-
change materials for flexible fixturing must be satisfied, such
as chemical stability (not reacting with the workpiece), phase-
change property stability, fast phase-change, uniformity
throughout all the material volume, and fast operation time. The
mechanical characteristics of the materials are also important in
flexible fixturing applications, such as strength and stiffness in
the solid state, variation range of viscosity and density in the
solid and fluid states, and complexity of control and operation.
The shear and tensile strength and stiffness are required to be
large, which implies that the viscosity of ER or MR fluids is
required to be very large (larger than that required in most
other applications). The zero-field viscosity is relatively less
important in this specific application. It is crucial to synthesise
phase-change materials with acceptable shear and tension
strength in the solid state for fixturing, with a low pro-
duction cost.

3. Experimental Study on
Magnetorheological Fluid

It is well known now that under a strong magnetic (or electric)
field, the ideal structure of MR (or ER) fluids is a BCT lattice
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Fig. 1. BCT structure formation process. (a) In the initial state, dielectric particles are randomly distributed. (b) After 10 ms of applying a strong
electric field, particles begin to move. (c) After 30 ms of applying a strong electric field, the lateral ordering is building. (d) After 180 ms of
applying a strong electric field, single chains have been aggregated into a BCT lattice structure.

Fig. 2. BCT structure identified under microscopic views. (a) View of
typical columns formed between the two electrodes which are separated
by 3 mm. (b) Diffraction pattern of a (110) plane for 20.0mm diameter
spheres. (c) Pattern of a (110) plane for 40.7mm diameter spheres.
(d) Pattern of a (100) plane for 40.7mm diameter spheres.

[17–19]. The yield stress of MR fluids strongly depends on
the microstructure, i.e. the way magnetic particles are arranged
in a magnetic field. For example, a BCT lattice has a much
higher yield stress than a single-chain structure [20]. Experi-
ments on steel balls with different structural arrangements also
support this point [21]. Therefore, if the single-chain structure
can be changed into a thick column structure, MR fluids will
have a much stronger yield stress. Based on this knowledge,
a new approach is sought to produce a structure with enhanced
yield stress. Immediately after a magnetic field is applied, the
MR fluid is compressed before a shear force is applied. The
magnetic field produces particle chains in milliseconds. The
compression pushes these chains together to form close-packed
clusters. SEM images show that the particle chains are indeed
pushed together to form thick columns. This fluid structure
change greatly enhances the yield stress. Experiments on an
iron-based MR fluid show this structure-enhanced static yield
stress to be as high as 800 kPa, i.e. ten times the yield stress

without compression. When the magnetic field is removed, the
MR fluid still returns to the liquid state quickly. The upper
limit of this structure-enhanced yield stress seems to be well
above 800 kPa. It is expected that this method and the physical
principles are also applicable to ER fluids. The super-strong
MR and ER fluids developed with this method may be suitable
for many applications, especially for flexible fixturing in manu-
facturing.

3.1 Experimental System

A suspension of carbonyl iron particles in silicone oil with a
volume fraction 46–50% was used in the experiment. As shown
in the SEM image (Fig. 3), the carbonyl iron particles are
spherical with average diameters around 5mm. The silicone
oil has a viscosity of 0.05 poise. A small amount of surfactant
was added to the suspension so that the particles remained
suspended in silicon oil without settling for at least 24 hours.
The zero-field viscosity was about 10 poises.

The experimental set-up is shown in Fig. 4. An electromagnet
with two water-cooled coils generates a magnetic field in
the horizontal direction. An aluminium container between
the two magnetic poles has one sliding iron wedge and one
fixed guiding iron wedge at each side, close to the magnetic

Fig. 3.SEM image of a carbonyl iron particle.
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Fig. 4.The experimental set-up.

poles. The sliding plates and guiding plates are made of
magnetic iron and the wall is made of aluminium alloy,
which is non-magnetic. The interface between the sliding
plate and the guiding plate has a 12° angle to the vertical.
As the sliding wedges are pushed down, the MR fluid is
compressed in the field direction. The size of the container
was 89 mm× 89 mm × 115 mm, providing a volume of 200
ml. 120 ml MR fluid was poured into the container.

The experiment was performed at room temperature. Before
application of the magnetic field, an aluminium test bar was
inserted vertically into the centre of the container. The magnetic
field was applied to solidify the MR fluid. The MR fluid was
then compressed by pushing the two sliding wedges down
symmetrically. When the sliding wedges were pushed down,
the MR fluid level rose. Afterwards, a force was applied and
gradually increased until the test bar could be pulled out. This
pullout force was a function of the applied magnetic fields
and the compression torque. To determine the yield stress, a
force transducer with a conditioner-amplifier was used to meas-
ure the force required to pull the test bar out from the MR
fluid. The MR fluid yield stress was very high in the solid state.

To determine the modulus, the vertical displacement of the
bar under force was also tested. This displacement was very
small before the MR fluid yielded. A small mirror was attached
to the test bar. The small displacement led to a small rotation
of the mirror. From a laser beam deflected from the mirror,
the displacement could be determined with an accuracy of
1 mm. The displacement was so small that the tensile elongation
of the test bar must be subtracted from it to obtain the correct
shear strain. On the other hand, the post-yield displacement
was larger. Instead of a laser beam, a mechanical micro-
indicator was used to measure it.

3.2 Measured Yield Stress

The depth of the bar submerged in the MR fluid isd. The cross-
section of the test bar is rectangular. The side perpendicular to
the field is denoted asw and the side parallel to the field as

t. The bottom planeAb = wt. The areas perpendicular to the
field and parallel to the field submerged in the MR fluid are
A' = 2wd, and A// = 2td, respectively. The vertical forceFt

required to pull out the test bar is given by

Ft = t'A' + t//A// + p0 Ab + mg (1)

where t' and t// are the yield shear stresses on a plane
perpendicular to the field direction and on a plane parallel to
the field direction, respectively,p0 is the atmospheric pressure,
and mg the weight of the test bar. The last two terms are
quite small.FMR = Ft − p0Ab − mg = t'A' + t//A// is defined
as the net MR pullout force. By varying the size ofA' and
A//, t' and t// were determined. In the experiment, three
aluminium bars were used, witht = . in and w = ., 1, 7 in,
respectively. Figure 5 shows the net MR pullout forces for the
three test bars, which have the sameA//, but different A'. T
is the compression force on the MR fluid. It is clear that the
compression leads to a much higher pullout force. It is also
noted that the pullout force is almost linear withw, or A',
indicating that the pullout force is mainly determined byt'A'.
The predominant term inFMR is t'A'.

Since the test bar is non-magnetic, the field around the bar
is not uniform. The fieldH1 at the front centre of the test bar
was less than the fieldH2 at the side parallel to the field. As
it is difficult to measure the field inside the MR fluid, and the
tangential component of the magnetic field is continuous at
any interface that has no surface current,H1 and H2 are
measured at the MR fluid surface. Table 1 showsH1 and H2

for a test bar oft = . in and w = 1 in. As the coil current
increases, the ratioH2/H1 drops from 1.85 at 1 A to 1.30 at
9 A. For simplicity, the averageH = (H2 + H1)/2 is taken as
the mean value ofH in the calculation. Figure 6 showsFMR

versus the compression for a test bar oft = . in and w = 1 in.
It is clear that FMR increases linearly with the compression
force. Hence, the yield shear stressty(H) increases with the
normal stressPe. An empirical expression for the yield shear
stress is

Fig. 5.Yield shear stress of the MR fluid increases with the normal
stress.
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Table 1.The relationship between the coil currents and the magnetic field.

Coil current 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
I (A)
Field H1 37.6 103 187 250 306 350 388 418 445
(kA m−1)
Field H2 69.6 188 289 370 440 486 526 558 582
(kA m−1)
Mean field 53.6 146 238 310 373 418 458 488 514
H (kA m−1)
Ratio H2/H1 1.85 1.82 1.54 1.48 1.44 1.39 1.36 1.34 1.31

Fig. 6. The relationship between the yield shear stress and the
compression pressure measured by the compression torque.

ty(H) = t0 + KhPe (2)

where t0 is the yield stress of the MR fluid without com-
pression. The slopeKh increases with the fieldH, from 0.221
for H = 238 kA m−1, 0.239 for H = 372 kA m−1, to 0.267 for
H = 458 kA m−1. The relationship in Eq. (2) holds for test
bars of different sizes. With a small test bar, a static yield
shear stress exceeding 800 kPa is obtained. As shown in Fig. 6,
the increase of yield stress with the compression force is linear,
and there is no sign of saturation. The point of saturation is
beyond the capacity of the current measurement.

Figure 7 shows the effect of the magnetic field on the yield
stress. The MR fluid without compression has a yield shear
stress around 80 kPa atH = 372 kA m−1 and 120 kPa atH =
514 kA m−1. The other two curves of the compressed MR fluid
were obtained as follows. A magnetic field of 372 kA m−1 was
first applied, then the MR fluid was compressed with a normal
stress of 1.2 MPa or 2.0 MPa, respectively. Then, the coil
current was varied and the pullout force was measured at
various magnetic fields. During the experiment, at least 30 s
was allowed for the MR fluid to relax after the compression
or change of magnetic field. Figure 7 clearly indicates that the
yield stress is greatly enhanced by the compression. Reducing
the magnetic field below 50 kA m−1 after the compression led
to a sharp drop in the yield stress.

The internal pressure inside the MR fluid is not uniform
under compression. During the experiment, the pressure on the

Fig. 7. Yield stress versus magnetic field with and without
compression.

test bar was monitored at its midpoint. It is noted that the
build-up of pressure under compression was also reduced at
low fields as the yield stress dropped. When the magnetic field
was off, the MR fluid had a residual yield stress of 20–40
kPa and a residual magnetic field of less than 0.5 kA m−1.
This hysteresis indicates that the magnetic particles formed a
solid structure under compression and the solid structure
remained after the external field was removed. However, the
hysteresis was so weak that a light stir returned the MR fluid
back to its liquid state immediately.

Figure 8 shows the relationship between the shear stress and
the shear strain. The magnetic field was 372 kA m−1 for all
cases. Without compression, the MR fluid began to yield at a
shear stress of 20 kPa. The elastic modulus was about 107 Pa.
After the yield point, the shear stress increases gradually until
it reaches a maximum of 80 kPa at a shear strain of 0.035.
With the compression, the MR fluid became much stronger
and more rigid. The elastic limit, the modulus, and the yield
stress were all increased dramatically. An overshoot of shear
stress occurred at a high compression, indicating that the
yielding process is sensitive to a structural change. A large
shear strain breaks the microstructure of the MR fluid and
leads to a sharp decrease of shear stress. AtPe = 2.0 MPa,
the shear modulus is as high as 5.0× 108 Pa, which is 2% of
the shear modulus of aluminium. It is also worth mentioning
that the structure-enhanced strength of MR fluids is very
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Fig. 8. The relationship of shear stress and shear strain with and
without compression.

stable. The shear modulus does not change in 24 h after the
compression, as long as the magnetic field holds the fluid.

From the rise in fluid level caused by moving the wedges
down, it was noted that the fluid showed a small compress-
ibility. This is because there were some air bubbles in the MR
fluid. A vacuum pump was used to extract air bubbles from
the MR fluids before the experiment. This made the experiment
repeatable. However, it was impossible to remove all the air
bubbles. The maximum compressibility ratio of the fluid was
1.5% when the fluid was compressed atH = 372 kA m−1 at a
pressure of 2.0 MPa. Figure 8 shows the relationship between
the compression depth and the rise in fluid level. If the fluid
is incompressible, the relationship between the compression
depth of the sliding plates,ds, and the risen MR fluid level,
dMR, is given by

dMR = L1dstan(u)/(L0 − dstanu − Ab/L2)

+ (L3 + dstanu)ds/L0 − dstanu − Ab/L2) (3)

where u is the angle of the guiding plate with respect to the
vertical plane.L0, L1, L2, and L3 are all measurable geometric
parameters. The solid line in Fig. 8 is the result of Eq. (3).
However, the experimental result deviates from the solid line.
This indicates that there were micro air bubbles inside the MR
fluid, despite the use of the vacuum technique to extract air
bubbles from the MR fluid before the experiment. When the
fluid was compressed, there were still some bubbles released.
The maximum compressibility ratio of the fluid,dV/V = 1.5%,
occurred when the fluid was compressed at coil current of 5 A
and torque of 5 kg m.

4. Microstructure

To understand the physical mechanism underlying this yield
stress enhancement, the microstructure of MR fluid was exam-
ined before and after the compression. To do this, instead of
silicon oil, polymer resins were used, mixed with iron particles

at 45% volume fraction. Then, a magnetic field of 372 kA m−1

was applied to the new irreversible MR fluid. The resin had
1 h cure time. In one process, the fluid was not compressed
and resin solidified. In another process, the MR fluid was
compressed with a pressure of 1.2 MPa and the resin solidified
under pressure. Afterwards, the cured solid pieces were cut by
a diamond saw and an SEM analysis was conducted. Figure
9(a) shows the microstructure of the MR fluid without com-
pression. It is clear that without compression, the microstructure
of the MR fluid was a single-chain-dominated structure. As
the particles were not uniform, the chains were not perfect,
but all of them were not very thick. As shown in Fig. 9(b),
the MR fluid’s microstructure was changed into thick columns

Fig. 9.SEM images of iron-epoxy mixtures cured under magnetic
fields (a) without and (b) with compression.
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Fig. 10.Mohr-circle diagram to find the limiting stress.

after the compression. The average column thickness was over
50 mm, implying that one column had at least 100 particles or
more in its cross-section. When a magnetic field is applied,
magnetic particles quickly form chains. Natural aggregation
from single chains to thick columns is not only slow, but
also produces columns with very limited thickness. When
compressing the MR fluid, the chains become shorter and are
pushed closer to form a close-packed structure, which is prob-
ably a BCT-lattice based structure, having a much higher yield
stress and modulus. The columns produced by compression are
thicker and stronger than those produced by natural aggre-
gation.

The microstructure is the key to the enhancement of yield
stress. In another experiment, the process order was changed:
the MR fluid was compressed before application of the mag-
netic field. Such a process does not produce any yield stress
enhancement. The reason is easy to understand. Before the
application of a magnetic field, the magnetic particles can
move freely within the base liquid. Compression before the
formation of a solid structure does not create thick columns.
Therefore, there is no change of yield stress.

Once the solid structure is formed in the MR fluid, the
normal pressure is no longer uniform within the fluid. The
compression thus also increases the friction between the MR
particles and the surface of the test bar as the friction is
proportional to the normal pressure. It is noted that the yield
stress of the compressed MR fluid has a short drop as the
magnetic field is reduced below 50 kA m−1. This may also be
due to the non-uniform internal pressure. During the com-
pression, close-packed structures are formed and the local
internal pressure difference is also increased. When the mag-
netic field is reduced to a value below 50 kA m−1, the magnetic
force is no longer sufficient to resist the local pressure differ-
ence, and the particles begin to move to rearrange themselves.
The experiment thus also recorded a sharp decrease of the
normal stress. This causes a sharp decrease of the yield stress.

5. Discussion

Finally, the empirical Eq. (2) is consistent with the Mohr–
Coulomb theory [22,23]. Coulomb first showed that the yield
shear stress should linearly increase with the normal stress.
Let the MR fluid’s stress tensor be denoted bytij (i, j = 1, 2,
3), that is, a combination of the mechanical tensor and the
Maxwell tensor [24]. The normal stresssn and shear stresstn

on the plane with a normal directionn are given as follows.

sn = Sij tij ni nj (4)
sn2 + tn2 = Sij1 tij ti1 njn1 (5)

If tij has three principal values,s1 $ s2 $ s3, and the three
components of the unit vectorn on the three principal axes
are still denoted byni (i = 1, 2, 3), then Eqs (4) and (5) can
be written as,

sn = s1n12 + s2n22 + s3 n32 (6)

sn2 + tn2 = s12 n12 + s22 n22 + s32n32 (7)

If the points (s2 + s3)/2, (s1 + s3)/2, (s1 + s2)/2 are used as
the centres and (s2 − s3)/2, (s1 − s3)/2, (s1 − s2)/2 as the
radii for Mohr circles (Fig. 10), the area confined by the large
and two small circles defines all possible values ofsn and tn.
As mentioned before,t0 is the yield stress without compression,
represented byON. The maximum allowed value oftn is
represented by a pointM, where the lineNM is tangential to
the largest circle. Hence, the maximum shear stressty is
approximately expressed by,

ty = t0 + sn tan f (8)

Also from Coulomb,f is the angle of internal friction. IfPe

in Eq. (2) is sn, then, for example, tanf = Kh = 0.239 or f
= 13.44° at H = 372 kA m−1. The values off and the internal
friction coefficient tanf seem to be reasonable. As mentioned
before,Kh increases slightly with the magnetic field. Then the
internal friction seems to increase slightly with the magnetic
field.

The test bar in the experiment is made of non-magnetic
material (aluminium alloy). The “wall effect” may underesti-
mate the yield stress of MR fluid [25, 26]. However, the
average MR particles size of 5mm (Fig. 3) is much smaller
than the surface roughness of the bar (|30 mm). There is no
reason to believe that the MR particles could slip on the
surface. To verify this, an experiment was also conducted with
a steel bar. There was no significant change in the results of
yield stress. However, it is very difficult to align a steel bar
in a high magnetic field. For future applications, it is decided
to use an aluminium bar throughout the experiments.

6. Summary

MR fluid is studied experimentally for potential applications
in flexible fixturing. A compression technique is applied to
increase the yield strength of MR fluids in solid state signifi-
cantly. A high shear strength of 800 kPa has been achieved,
which could be even higher if the test conditions are improved.
It is also expected that this compression technique can be used
for ER fluids. The study will be continued to develop a fixture
design and implementation method for applying MR (or ER)
fluids in flexible fixturing.
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