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(54) POLISHING OF COMPLEX INTERNAL  GEOMETRIES

(57) This invention concerns improvements in the
polishing of internal surfaces and structures of compo-
nents, particularly components with a complex internal
geometry. Embodiments of the invention use an alternat-

ing current electromagnet (48) driven by a signal gener-
ator (50) to constantly alter the rheology of the magne-
torheological fluid (5). An improved magnetorheological
fluid (25,30) is also disclosed.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the polishing
of internal surfaces and structures of components. In par-
ticular, the invention relates to the polishing of internal
surfaces and structures of components with a complex
internal geometry, for example components for use in
the aerospace industry.
[0002] Providing a smooth surface finish on a compo-
nent is often desirable. In particular in the aerospace in-
dustry, a smooth surface finish may be necessary for any
one of a number of reasons including: reducing pressure
loss, reducing cavitation, improving fatigue life, etc. With
constant cross-section components such as pipes the
polishing can be consistent across the internal surface.
For complex geometries with constrictions, bends, and
other variation in the cross-sectional geometries the com-
ponent may be over-polished in some regions and under-
polished in others.
[0003] When components are manufactured by addi-
tive layer manufacturing (ALM) processes, the surface
roughness is inherently high as a result of the powder
size used during processing. There are several known
ways to polish ALM, but all have certain disadvantages.
[0004] Extrude hone polishing is a process where an
abrasive slurry is pumped through the internal passage-
ways of a component. The abrasive slurry reduces the
surface roughness by grinding away surface asperities.
The slurry follows a line of least resistance and works
well on consistent cross sections (a bent tube or manifold)
but will often not effectively polish complex shapes with
many branches, channels, features and perturbations.
[0005] Electrochemical machining/polishing is a proc-
ess in which the workpiece is made the anode in an elec-
trochemical cell. The electrolyte and applied voltage re-
move material from the workpiece by dissolution. The
process works best on simple geometries and simple al-
loys. In complex geometries there can be uneven mate-
rial loss due to varying current densities at corners, edges
and blind holes.
[0006] Barrelling is a polishing process where the
workpiece is vibrated in a barrel full of abrasive beads
which polishes the surface. This can be effective for ex-
ternal surfaces, but is generally unsuitable for polishing
internal surfaces of a component.
[0007] All of the abovementioned processes are limit-
ed in their application. In particular, they cannot be used
for polishing the internal geometry of a complex shape
of a multi-phase engineering alloy.
[0008] Magnetorheological polishing uses a magne-
torheological (MR) fluid, which is a suspension of ferro-
magnetic particles in a fluid, often oil. The viscosity of the
fluid can be altered by application of a magnetic field
which causes the ferromagnetic particles to agglomer-
ate. This agglomeration can be used to polish a compo-
nent or workpiece, particularly when hard ceramic abra-

sive particles are mixed with the ferromagnetic suspen-
sion. Within the magnetic field the fluid behaves as a
Bingham plastic rather than a Newtonian fluid, and this
Bingham plastic region can be used as an conforming,
abrasive ’sanding block’.
[0009] External polishing is normally performed by re-
peatedly passing the workpiece over or through the abra-
sive agglomeration of ferromagnetic particles. There are
various different arrangements whereby the workpiece
can be manipulated through the MR fluid in the presence
of a magnetic field.
[0010] Internal polishing can be achieved using mag-
netorheological polishing, for example by filling the inter-
nal cavity with MR fluid and moving the workpiece within
an externally applied magnetic field. However, draw-
backs still remain with this method.
[0011] It is an aim of the present invention to provide
an improved polishing apparatus and method that over-
comes or mitigates some or all of these problems.

BRIEF SUMMARY OF THE INVENTION

[0012] According to a first aspect of the invention there
is provided apparatus for polishing the internal geometry
of a component with magnetorheological fluid, the appa-
ratus comprising an electromagnet and a signal gener-
ator to drive the electromagnet, wherein the signal gen-
erator generates an alternating current such that the elec-
tromagnet produces an alternating magnetic field.
[0013] The signal generator may be adjustable to gen-
erate different wave shapes/forms in the alternating cur-
rent, and/or to generate different frequencies/wave-
lengths in the alternating current and/or to generate dif-
ferent amplitudes in the alternating current.
[0014] The apparatus may further comprise a particu-
lar magnetorheological fluid.
[0015] The magnetorheological fluid may comprise
elongated polishing media units with an aspect ratio
greater than 1, for example comprising abrasive particles
bonded to the outer surface of rod-shaped ferromagnetic
components. The abrasive particles may comprise sili-
con carbide, alumina, boron nitride or other ceramic
grinding media.
[0016] The electromagnet may comprise a coil formed
around the outside of the component to be polished.
[0017] The electromagnet may comprise a plurality of
electromagnetic coils formed around the outside of the
component, at least two of the coils being arranged at a
non-parallel angle to each other.
[0018] A plurality of pairs of electromagnets may be
provided separate from the component, with the electro-
magnets within each pair being located at opposing sides
of the component, and at least two of said pairs of elec-
tromagnets being arranged at non-parallel angles to each
other.
[0019] The invention also provides an improved mag-
netorheological fluid comprising a suspension of elon-
gated ferromagnetic polishing media units. The ferro-
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magnetic media units may have an homogeneous com-
position.
[0020] The polishing media units may comprise abra-
sive particles bonded to the outer surface of rod-shaped
ferromagnetic components. The abrasive may comprise
silicon carbide alumina, boron nitride or other ceramic
grinding media.
[0021] The invention further provides a method of pol-
ishing the internal geometry of a component, the method
comprising the steps of at least substantially filling an
internal cavity of said component with a magnetorheo-
logical fluid and activating an electromagnet to apply a
magnetic field to the magnetorheological fluid, wherein
the electromagnet is powered by an alternating current
such that it produces an alternating magnetic field to ag-
itate the magnetorheological fluid.
[0022] One or more characteristics of the alternating
current may be altered. For example, the wave
shape/form and/or the frequency/wavelength and/or the
amplitude of the alternating current may be varied.
[0023] The one or more characteristics may be altered
as an initial setup step before the magnetorheological
fluid is agitated. Alternatively, or additionally, the one or
more characteristics may be altered while the magnetor-
heological fluid is agitated.
[0024] The method may be employed with a plurality
of electromagnetic coils formed around the outside of the
component, at least two of the coils being arranged at a
non-parallel angle to each other, with said non-parallel
coils being powered sequentially.
[0025] Alternatively, the method may be employed with
a plurality of pairs of electromagnets provided separate
from the component, the electromagnets within each pair
being located at opposing sides of the component, and
at least two of said pairs of electromagnets being ar-
ranged at non-parallel angles to each other, with said
non-parallel pairs of electromagnets being powered se-
quentially.
[0026] The method may use a magnetorheological flu-
id is as previously described.
[0027] The invention uses an AC electromagnet to con-
stantly alter the rheology of the MR fluid. The produced
AC field will change the polarity of the magnets on each
cycle, thereby removing the need to either manipulate
the component/workpiece or rotate the magnets to
achieve a polishing effect.
[0028] Appropriate AC wave characteristics can also
be selected to suit a particular polishing operation. De-
pending on the viscosity of the fluid and the size and
aspect ratio of the magnetic and abrasive particle sus-
pension, different rates of particle oscillation may be re-
quired. This can be achieved, according to the invention,
by altering the characteristics of the AC current driving
the magnetic field. The AC wave characteristics can be
readily tuned to a specific MR fluid, abrasive and/or com-
ponent with relative ease, particularly when compared to
adapting the movement of a magnet or set of magnets
or of the component to achieve similar effects.

[0029] Possible features of a wave that can be altered
include:

• Wave shape/form (Sine wave, square wave, etc)
• Wave length (crest to crest distance, λ)
• Frequency (length of full cycle, T)
• Rise time (function of the wave length)
• Dwell time (function of the wave shape)

[0030] The invention also considers modifying the
abrasive media to improve its efficiency or effectiveness.
[0031] In a conventional MR polishing system the abra-
sive media typically comprises a suspension of small
generally spherical ferromagnetic particles and larger,
angular, abrasive particles. In certain embodiments of
the proposed invention, the abrasive and the ferromag-
netic particles are combined to form elongate acicular
(rod-shaped) polishing media units. The polishing media
units may comprise a rod-shaped ferromagnetic compo-
nent with non-magnetic abrasive particles (eg silicon car-
bide) bonded to the outer surface thereof.
[0032] With no applied magnetic field, several of these
units will form a randomly oriented suspension in the MR
fluid. However, when a magnetic field is applied the units
will try to align with the magnetic field lines. The motion
of the units moving from the randomly oriented state to
the aligned state provides a polishing action.
[0033] Although Permanent magnets could be used to
drive this sort of polishing arrangement, they would have
to be constantly moved in relation to the work piece in
order to continually alter the alignment of the polishing
media and provide the polishing action. A better ap-
proach would be to use electromagnets to stimulate the
movement in the polishing media
[0034] Powering independent pairs of coils at an angle
to each other in sequence would ’flip’ the alignment of
the polishing media by whatever the off-set angle of the
coil pairs is. Where the coil pairs are at 90° to each other
and each successive power cycle flips the polishing me-
dia by 90°.
[0035] An alternative arrangement would be a coil po-
sitioned around the outside of the component. The field
in the coil could be reversed in order to ’flip’ the polishing
media and provide a polishing action. Using a signal gen-
erator, the correct AC field could be generated to suit the
magnetic properties (hysteresis, permittivity, and satura-
tion flux density) of the component being polished. The
process could also be optimised to suit the viscosity of
the polishing fluid and the size / shape of the polishing
media.
[0036] Alternatively, multiple coils could be used, set
at different angles relative to the component. These could
then be powered in sequence in order to maximise the
motion and agitation of the MR fluid.
[0037] Wherever practicable, any of the essential or
preferable features defined in relation to any one aspect
of the invention may be applied to any further aspect.
Accordingly the invention may comprise various alterna-
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tive configurations of the features defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Practicable embodiments of the invention are
described in further detail below by way of example only
with reference to the accompanying drawings, of which:

Fig. 1 shows a schematic view of a gas turbine en-
gine;

Fig. 2 shows a schematic view of extrude hone pol-
ishing applied to an example component;

Fig. 3 shows a schematic view of electrochemical
machining/polishing applied to an example compo-
nent;

Fig. 4 shows a schematic view of barrelling applied
to an example component;

Fig. 5 shows a schematic view of magnetorheolog-
ical polishing using externally manipulated perma-
nent magnets applied to an example component;

Fig. 6 shows an example of a typical magnetorheo-
logical fluid with abrasive and ferromagnetic parti-
cles in suspension;

Fig. 7A and 7B show an example of an improved
magnetorheological fluid;

Fig. 8 shows a series of sine waves of varying fre-
quencies which could be provided as inputs to the
system of the invention;

Fig. 9 shows a square wave pattern which could be
provided as an input to the system of the invention;

Fig. 10A and 10B show a possible arrangement of
electromagnet coils;

Fig. 11 shows a single electromagnet coil surround-
ing an example component; and

Fig. 12 shows a pair of electromagnet coils surround-
ing an example component.

DETAILED DESCRIPTION OF THE INVENTION

[0039] With reference to Figure 1, a ducted fan gas
turbine engine generally indicated at 10 has a principal
and rotational axis 11. The engine 10 comprises, in axial
flow series, an air intake 12, a propulsive fan 13, an in-
termediate pressure compressor 14, a high-pressure
compressor 15, combustion equipment 16, a high-pres-
sure turbine 17, and intermediate pressure turbine 18, a
low-pressure turbine 19 and a core engine exhaust noz-

zle 20. A nacelle 21 generally surrounds the engine 10
and defines the intake 12, a bypass duct 22 and a bypass
exhaust nozzle 23.
[0040] The gas turbine engine 10 works in a conven-
tional manner so that air entering the intake 12 is accel-
erated by the fan 13 to produce two air flows: a first air
flow into the intermediate pressure compressor 14 and
a second air flow which passes through a bypass duct
22 to provide propulsive thrust. The intermediate pres-
sure compressor 14 compresses the air flow directed into
it before delivering that air to the high pressure compres-
sor 15 where further compression takes place.
[0041] The compressed air exhausted from the high-
pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 17, 18, 19 before being ex-
hausted through the nozzle 20 to provide additional pro-
pulsive thrust. The high, intermediate and low-pressure
turbines 17, 18, 19 respectively drive the high and inter-
mediate pressure compressors 15, 14 and the fan 13 by
suitable interconnecting shafts.
[0042] Alternative gas turbine engine arrangements
may comprise a two, as opposed to three, shaft arrange-
ment and/or may provide for different bypass ratios. Oth-
er configurations known to the skilled person include
geared turbofan engines, open rotor designs, such as
turboprop engines, or else turbojets, in which the bypass
duct is removed such that all air flow passes through the
core engine. In certain configurations, the torque from
one or more engine shaft may be used to generate elec-
trical power instead of, or in addition to, driving airflow.
The various available gas turbine engine configurations
are typically adapted to suit an intended operation which
may include aerospace, marine, power generation
amongst other propulsion or industrial pumping applica-
tions.
[0043] Figures 2 to 5 illustrate some of the shortcom-
ings of the known polishing processes using an example
of a simple hollow rectangle shape with restricted inter-
nals access and some internal structures.
[0044] Figure 2 illustrates extrude hone polishing. The
polishing medium 5, in this case an abrasive slurry, is
pumped in the direction indicated by arrows 4 through
the internal passageways of an example component be-
tween its sidewalls 6 and past various internal features 7.
[0045] In the illustrated example, the areas indicated
by numeral 1 (pinch points and constrictions) within the
component will generally have too much material re-
moved as the abrasive slurry 5 is forced through these
smaller gaps. In contrast, the areas indicated by numeral
2, which are ’shadowed’ areas where fluid flow is minimal,
will tend to be under polished. The areas of the compo-
nent indicated with numeral 3, including the interior of
the sidewalls 6, will generally be well polished by this
method.
[0046] Figure 3 illustrates electrochemical machin-
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ing/polishing on the same example component as illus-
trated in Figure 2. In this example the polishing medium
5 is a polishing chemical serving as an electrolyte, and
material is removed by dissolution when an electrical volt-
age is applied to the anodic work piece.
[0047] As in Figure 2, reference numeral 1 in Figure 3
indicates the areas of the component, primarily at the
corners of the internal features 7, where too much ma-
terial is typically removed by this electrochemical polish-
ing method due to current density effects at corners. Ref-
erence numeral 2 again indicates the areas where too
little polishing occurs, mainly constricted areas of the
component where the electrolyte supply is limited, while
reference numeral 3 again indicates the well-polished
areas.
[0048] Figure 4 shows the barrelling process applied
to the same example component. The component is im-
mersed in abrasive beads, which act as the polishing
medium 5, and is vibrated as indicated by the arrows 4.
As mentioned above, no polishing is achieved in the in-
terior 2 of the component, but external areas 3 are well
polished.
[0049] Internal magnetorheological polishing normally
involves filling the internal cavity of a component or work-
piece with MR fluid, and then either moving surrounding
magnets relative to the workpiece or moving the work-
piece relative to the magnets to vary the applied magnetic
field. Figure 5 shows rotating magnets 8 located around
the same example component from Figures 2 to 4, which
is held stationary. MR fluid, providing the polishing me-
dium 5 in this example, fills the interior of the component.
[0050] This ’rotational magnetorheological abrasive
flow finishing’ (MRAFF) is a relatively new technology,
but has been demonstrated on flat plate samples with
great success. However, in the case of the sample ge-
ometry presented in Figure 5, the magnetic flux density
is at its lowest in the centre of the component, exactly
where the structure is most complex and requires the
most polishing. The magnetic field therefore has less in-
fluence on the MR fluid in the central region, and inertia
of the fluid means that movement of the component or
of the magnets may not be reflected in the fluid in this
central region. This results in incomplete or insufficient
polishing around some of the internal features 7, as in-
dicated by reference numeral 2 in Figure 5. Other regions
of the component, indicated by reference numeral 3 and
located nearer to the magnets 8, would be well polished.
[0051] The invention overcomes this problem by using
AC driven electromagnets to provide a constantly varying
magnetic field to the MR fluid. This constant modification
of the magnetic field alters the rheology of the MR fluid.
The AC field changes the polarity of the magnets on each
cycle, so removes the need to either manipulate the work
piece or rotate or move the magnets throughout the pol-
ishing process.
[0052] Figure 6 provides an example of the abrasive
media from a conventional MR polishing system. The
abrasive media 5 is a suspension of small, generally

spherical ferromagnetic particles 24 and larger, angular,
non-magnetic abrasive particles 26 in a fluid 25. When
a magnetic field is applied, the ferromagnetic particles
24 form chains which align with the magnetic field and
effectively trap the abrasive particles 26 in position so
that they can provide a polishing action during movement
of the component and/or magnetic field.
[0053] Figure 7A shows an example of an improved
abrasive media. Acicular polishing media units 30 are
formed by bonding or sintering abrasive silicon carbide
particles 26 to the outer surface of rod-shaped ferromag-
netic components 28. With no applied magnetic field,
these units will form a randomly oriented suspension in
the fluid 25 as shown in Figure 7A. However, when a
magnetic field is applied the units 30 will be caused rotate
and try to align with the magnetic field lines as shown in
Figure 7B. The motion of the units 30 moving from the
randomly oriented state to the aligned state provides a
polishing action even in the absence of any movement
of the component or variation in direction of the magnetic
field.
[0054] The magnetic component of the abrasive ma-
terial is isotropic i.e. the same ferromagnetic material is
used throughout each of the units but the shape of the
unit, having an aspect ratio greater than 1 and preferably
in the range 2 to 30, gives a magnetic saliency that con-
centrates magnetic flux. This saliency makes it possible
to spin the particles about their own axis rather than mov-
ing as a single agglomeration.
[0055] The polishing media has a diameter of the order
25 to 50 microns and a length between 500microns to
3mm. Metallic components formed by additive layer have
a surface finish that is defined in part by the size of the
metallic particles used in the powder bed. The size of the
polishing media can be selected to complement the size
of the particles used in the powder bed such that there
is minimal work hardening caused by impact of the pol-
ishing media with the wall of the component..
[0056] Although the abrasive particles are described
as being silicon carbide it will be appreciated that it will
be possible to use other abrasives that may be better
suited to the material to be polished.
[0057] Although Permanent magnets could be used to
drive this sort of polishing arrangement, they would still
have to be constantly moved in relation to the work piece
in order to continually alter the alignment of the polishing
media and provide the polishing action. A better ap-
proach would be to use electromagnets as previously
described, to stimulate the movement in the polishing
media. The AC electromagnets could provide the re-
quired variation in applied magnetic field to move the
polishing media units 30 between the states shown in
Figures 7A and 7B without the need to move the magnets.
[0058] A further benefit of using AC electromagnets is
that by altering the input current the characteristics of the
field variations can be easily adapted to fit particular re-
quirements, either before or during a polishing operation.
Differences in materials, MR fluid, required finish etc
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could all lead to different ideal or preferred alterations in
the magnetic field. The alterations could be achieved in
the present invention simply by using an appropriate sig-
nal generator, thus requiring little or no change to the
physical arrangement of the component and the mag-
nets.
[0059] One alteration would be to adapt the frequency
of the input signal. Figure 8 shows a variety of sine waves
having various frequencies. A basic sine wave 32, rep-
resenting y = Sin x, is illustrated in the centre of the graph.
Lower frequency waves 34,36, corresponding to y = Sin
0.8x and y = Sin 0.6x respectively, are shown shifted
upwards on the y axis for clarity. Similarly, higher fre-
quency waves 38,40, corresponding to y = Sin 1.3x and
y = Sin 2.6x respectively, are shown shifted downwards
on the y axis. It is anticipated that smaller abrasive par-
ticles suspended in a less viscous medium would re-
spond faster to an applied magnetic field, and could
therefore be driven by a higher frequency AC magnetic
field, eg as represented by line 38 or 40. By corollary,
larger abrasive particles in a more viscous medium would
move more slowly and would require a lower frequency
wave, such as that defined by lines 34 or 36.
[0060] Alternatively, or additionally, the shape of the
wave could be modified. For example, Figure 9 shows a
generated square wave 42 compared a standard sine
wave 32 as illustrated in Figure 8. It can be seen that the
rise time from zero to peak for the square wave 42 is
shortened to virtually zero. Shorter rise times are expect-
ed to increase the speed of abrasive alignment, thus mak-
ing the abrasive action more energetic and therefore re-
sulting in more rapid material removal and more aggres-
sive MR polishing.
[0061] It should be understood that numerous other
modifications could be made to the waveform to alter one
or more of the wave shape, wavelength or period, rise
time, dwell time, frequency or amplitude as required for
a particular operation.
[0062] While numerous modifications are possible as
set out above, the resulting changes in the MR fluid will
all take place in the direction of alignment of the magnets.
It may therefore be beneficial to provide an arrangement
of magnets that provides changes in various different di-
rections. For example, independent pairs of coils could
be provided at an angle to each other. This is illustrated
in Figures 10A and 10B, where two pairs of coils 44,46
are shown at right angles to each other. Powering the
coil pairs in sequence ’flips’ the alignment of the polishing
media units 30 by whatever the off-set angle of the coil
pairs is. As shown, the polishing media units 30 are
’flipped’ by 90° from the position shown in Figure 10A
(44-on, 46-off) to that shown in Figure 10B (46-on, 44-off).
[0063] An alternative arrangement would be to provide
a coil 48 positioned around the outside of a component
which requires internal finishing. This is illustrated in Fig-
ure 11, using the same example component, with the
same internal features 7, as illustrated in Figures 2 to 5.
Using a signal generator 50, the correct AC field could

be generated to suit the magnetic properties (hysteresis)
of the component being polished. Reversing the field in
the coil 48 would ’flip’ the polishing media and provide a
polishing action. The process could also be optimised to
suit the viscosity of the polishing fluid 5 and the
size/shape of the polishing media.
[0064] Instead of the single coil 48 sown in Figure 11,
multiple coils 52,54 could be used, set at different angles
relative to the component as shown in Figure 12. These
coils 52,54 could then be powered in sequence in order
to maximise the motion and agitation of the MR fluid 5
within the component.
[0065] It would also be possible to provide for electro-
magnetic pumping of the MR fluid by sequential powering
of coils such as the multiple coils 52,54 shown in Figure
12 or a sequence of coils 48 as shown in Figure 11, in
order to create a constant through-flow of MR fluid rather
than localised agitation within a component.
[0066] The system described provides a method for
polishing the internal structure of complex components
which currently cannot be polished in any other way. This
technology is especially important for additive layer man-
ufactured (ALM) components due to the inherent rough
surface finish from the ALM process.
[0067] In certain embodiments, the system comprises
a suspension of acicular ferromagnetic particles, inti-
mately bonded to a non-magnetic abrasive material,
forming the magnetorheological (MR) fluid. The acicular
abrasive is agitated by an externally applied magnetic
field arranged such that it penetrates & saturates the
component in order to apply a magnetic field in the inter-
nal cavities which require polishing. Alternating the di-
rection of the field or firing different coils in sequence
allow constant, controllable & adaptable control of the
polishing process.
[0068] Polishing of internal structures is beneficial for;
improving fatigue life, removing burrs and defects, re-
moving partially sintered (ALM) powder, reducing pres-
sure drop, etc. This invention has great potential to help
ALM reach its full potential in the field of integrated inter-
nal features and minimum mass structures.

Claims

1. Apparatus for polishing the internal geometry of a
component with magnetorheological fluid (5), the ap-
paratus comprising an electromagnet and a signal
generator (50) to drive the electromagnet, wherein
the signal generator generates an alternating current
such that the electromagnet produces an alternating
magnetic field.

2. Apparatus according to claim 1, further comprising
magnetorheological fluid. (5) comprising elongate
polishing media units (30).

3. Apparatus according to claim 2, wherein the polish-
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ing media units comprise abrasive particles (26)
bonded to the outer surface of rod-shaped ferromag-
netic components (28).

4. Apparatus according to claim 3, wherein the abrasive
particles (26) comprise a ceramic grinding media.

5. Apparatus according to any of the preceding claims,
wherein a plurality of electromagnetic coils (52,54)
are formed around the outside of the component, at
least two of the coils being arranged at a non-parallel
angle to each other.

6. Apparatus according to any of claims 1 to 4, wherein
a plurality of pairs (44, 46) of electromagnets are
provided separate from the component, the electro-
magnets within each pair being located at opposing
sides of the component, and at least two of said pairs
of electromagnets being arranged at non-parallel an-
gles to each other.

7. A method of polishing the internal geometry of a com-
ponent, the method comprising the steps of at least
substantially filling an internal cavity of said compo-
nent with a magnetorheological fluid and activating
an electromagnet to apply a magnetic field to the
magnetorheological fluid, wherein the electromag-
net is powered by an alternating current such that it
produces an alternating magnetic field to agitate the
magnetorheological fluid.

8. A method according to claim 7, further comprising
altering one or more characteristics of the alternating
current.

9. A method according to claim 8, wherein the one or
more characteristics is altered as an initial setup step
before the magnetorheological fluid is agitated.

10. A method according to claim 8 or 9, wherein the one
or more characteristics is altered while the magne-
torheological fluid is agitated.

11. A method according to any of claims 8 to 10, wherein
the wave form of the alternating current is varied.

12. A method according to any of claims 8 to 11, wherein
the frequency of the alternating current is varied.

13. A method according to any of claims 8 to 12, wherein
a plurality of electromagnetic coils (52, 54) are
formed around the outside of the component, at least
two of the coils being arranged at a non-parallel angle
to each other, and wherein said non-parallel coils
are powered sequentially.

14. A method according to any of claims 8 to 12, wherein
a plurality of pairs (46,44) of electromagnets are pro-

vided separate from the component, the electromag-
nets within each pair being located at opposing sides
of the component, and at least two of said pairs of
electromagnets being arranged at non-parallel an-
gles to each other, and wherein said non-parallel
pairs of electromagnets are powered sequentially.

15. A method according to any of claims 7 to 14 wherein
the magnetorheological fluid (5) comprises a sus-
pension of elongate ferromagnetic polishing media
(30) units comprising abrasive particles (26) bonded
to the outer surface of rod-shaped ferromagnetic
components (28).
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