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Ferrotec Corporation

Ferrotec is the world leader in Ferrofluidic® (magnetic liquid) technology. 
Ferrotec (USA), formerly known as Ferrofluidics, has been supplying 
ferrofluids for audio applications for over 30 years. The company offers 
an extensive range of fluids. With R&D and production in both the US 
and Japan, and 12 sales offices and distributors around the world, the 
company is well placed to serve your global ferrofluid needs.

Ferrofluids have been extensively used in audio speakers for over 30 
years. They offer significant performance advantages in tweeters, mid-
ranges, woofers, compression drivers and automotive speakers. Some 
of the advantages in using ferrofluid include increased power handling 
capabilities, smoothing of frequency response curve and reduced 
distortion.

In addition to audio fluids, Ferrotec also offers fluids for domain detection, 
quality control of magnetic media and many other applications. The 
company also manufactures Ferrofluidic® rotary feedthroughs for the 
vacuum industry, thermoelectric modules for cooling and temperature 
control applications, and high precision mechanical, electrical and electro-
mechanical offshore contract manufacturing capabilities.

Ferrotec
Distributors
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How is Ferrofluid used in speakers?

Ferrofluid resides in the air gap of the 
magnet structure and completely fills the 
space between the coil ID/pole and coil 
OD/ top plate.  No physical containment is 
needed as the fluid is held in place by the 
strong permanent magnetic field.

The choice of ferrofluid depends on 
specific loudspeaker requirements in terms 
of the damping required and the field in 
the gap. Two key properties of the fluid 
determine the correct fluid for any 
application: the viscosity and the 
magnetization value. The higher the 
viscosity of a ferrofluid, the greater the 
viscous damping of the moving mass. A 
fluid with the correct magnetization value 
must be chosen to ensure retention of the 
fluid in the air gap. All ferrofluids, 
independent of viscosity, essentially 
provide the same heat transfer from the 
voice coil to the magnet structure.

Every speaker design is unique. Some
speakers, for example super tweeters,
require only light damping but need
very high colloidal stability of the fluid,
whereas tweeters often require high viscos-
ity fluids. To accommodate this there is
a complete range of ferrofluids with vary-
ing viscosity values and magnetization

properties. This means that whatever your 
requirements in terms of mechanical damping and 
fluid retention, there is probably a suitable fluid from 
one of our standard ranges. If not, our team of 
experienced audio engineers and research chemists
can custom engineer a new fluid to meet the
performance objectives of your loudspeaker.



4

What is a Ferrofluid ?

A ferrofluid is a stable colloidal 
suspension of sub-domain 
magnetic particles in a liquid 
carrier.  The particles, which 
have an average size of about 
10 nm, are coated with a 
stabilizing dispersing agent 
(surfactant) which prevents 
particle agglomeration even 
when a strong magnetic field 
gradient is applied to the 

When a magnetic field is applied to a ferrofluid, the magnetic moments 
of the particles orient along the field lines almost instantly.  The mag- 
netization of the ferrofluid responds immediately to the changes in the 
applied magnetic field and when the applied field is removed, the 
moments randomize quickly.

In a gradient field, the whole fluid responds as a homogeneous magnetic 
liquid which moves to the region of highest flux. This means that ferro- 
fluids can be precisely positioned and controlled by an external magnetic 
field. The forces holding the magnetic fluid in place are proportional to 
the strength of the external field and the magnetization value of the fluid. 
This means that the retention force of a ferrofluid in a gap can be 
adjusted by changing either the magnetization of the fluid or the 
magnetic field in the gap.

Audio ferrofluids are based on two classes of carrier liquid: synthetic 
hydrocarbons and esters. Both oils possess very low volatility and high 
thermal stability. The choice of fluid is dictated by the environmental 
considerations of the application (e. g. humidity, adhesives, contact with 
water, solvent vapors and reactive gases) combined with the best 
balance of magnetization and viscosity values to optimize the acoustical 
performance.

By varying the quantity of magnetic material in a ferrofluid, and by using 
different carrier liquids, it can be tailored to meet a variety of needs. The 
saturation magnetization (the maximum value of the magnetic moment 
per unit volume when all the domains are aligned) is determined by the 
nature of the suspended magnetic material and by the volumetric loading 
of the material. The physical and chemical properties such as density and 
viscosity correspond closely to those of the carrier liquid.

Ferrotec’s highly refined manufacturing process, combined with a long 
term quality assurance program is the key to its repeatable, reproducible 
product quality.

ferrofluid. In the absence of a magnetic field, the magnetic moments of 
the particles are randomly distributed and the fluid has no net 
magnetization.
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Ferrofluid benefits:

• Increased thermal power handling

• Reduced thermal power compression

• Smoothing of frequency response curve

• Reduced distortion

• Reduced warranty returns

• Increased production yields

Reduced Power Compression/Improved 
Dynamic Linearity: Minimizing the temperature 
rise of the voice coil reduces thermal power 
compression effects. Ferrofluid in the gap not only 
reduces sensitivity loss but maintains the linearity 
of the speaker’s output.

Increased Production Yields: Due to the center- 
ing and lubricating properties of the ferrofluid, 
manufacturers have reported improvements in 
production yields ranging from 30%…60% when 
introducing ferrofluids into existing products. This 
reduction in scrap can often offset the cost of the 
ferrofluid itself.

Simplified Passive Network Designs: Ferrofluid’s 
ability to control a driver’s behavior at resonance 
and, to some extent, break-up modes at the top end 
of the pass band, may minimize the need to address 
these problems in the crossover network. This 
reduces the need for additional expensive resistors, 
capacitors and inductors.

Reduced Coil/Magnet Size: A 25.4 mm (1”) voice 
coil driver with ferrofluid can achieve the same power 
handling as equivalent sized drivers which utilize 
38.1 mm (1.5”) or 50.8 mm (2”) diameter coils.  The 
cost savings from the smaller magnet/coil more than 
offset the ferrofluid cost. The weight reduction may 
also be attractive in many applications.

The presence of ferrofluid in the gap 
enhances the performance of the 

loudspeaker in many ways.

Increased Thermal Power Handling: Ferrofluid is 
roughly 5 times more thermally conductive than the 
air it displaces from the gap. The fluid provides a 
much lower thermal resistance between the coil and 
pole/top plate, lowering the voice coil operating 
temperature under both transient and steady state 
conditions. This increases thermal power handling 
capabilities.

Damping: Ferrofluid in the gap provides a mechanical 
resistance to the moving coil. The amount of damping 
is proportional to the viscosity of the ferrofluid.

Voice Coil Centering: When the voice coil is dis-
placed in the radial direction in the gap, a restoring
force is obtained which is proportional to the
displacement. Although this force is a fraction of that
provided by the suspension, it is still enough to
influence the centering of the moving coil. This spring
constant is given by:

where:
k =spring constant in N/m

M
s

=saturation magnetization in T

H
m

=maximum field strength in the gap in A/m

h =height of fluid in the gap in m

t =width of the gap in m
d =diameter of the gap in m

Reduced Distortion: Harmonic distortion and 
spectral contamination caused by radial and rocking 
modes of the voice coil is reduced due to the 
centering force of the fluid upon the voice coil.  
Ferrofluid in the gap also creates a seal, or liquid “O” 
ring around the coil which eliminates air modulation 
noise in the gap, particularly within the piston band.

k=M sHm h
t
d



APG Series based on a synthetic ester carrier

Synthetic esters tend to be slightly more aggressive to elastomer plastics, have a 
good thermal stability but a moderate tolerance to extended contact with water.

Audio Ferrofluids

APG CD Series Fluid Type

APG CD 1120 11.0 200

200°C 125°CAPG CD 1635 16.5 350

APG CD 2250 22.0 500

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

Compression driver series Ferrofluid. They provide 
highest colloid stability and excellent lifetime in high flux 

applications.

W Series Fluid Type

APG W02 30.0 175

225°C 125°CAPG W05 40.0 500

APG W10 40.0 1000

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

W-Series Ferrofluid are used for maximum centering in 
woofers and full ranges.

J Series Fluid Type

APG J10 27,5 70

175°C 80°C
APG J12 22,0 40

APG J14 16,5 30

APG J16 11,0 25

L Series Fluid Type

APG L11 22,0 200

175°C 100°C

APG L12 22,0 500

APG L14 22,0 2000

APG L17 11,0 60

APG L19 22,0 1500

APG L23 33,0 350

O Series, S Series Fluid Type

APG O17 33,0 350

225°C 125°C

APG O27n 35,8 175

APG O37 8,3 110

APG O47n 16,5 65

APG O57 16,5 1500

APG O67 41,3 250

APG O77n 27,5 115

APG O87 27,5 750

APG S10n 44,0 300

225°C 125°C

APG S11n 22,0 85

APG S12n 41,3 250

APG S14 16,5 200

APG S15n 16,5 75

APG S16n 27,5 400

APG S17n 11,0 55

APG S18 38,5 375

APG S21 22,0 500

APG S32 22,0 250

APG S38n 22,0 135

APG S51 38,5 500

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

J-Series Ferrofluid are used in alarm systems and 
headset drivers for heat transfer and centering.

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

L-Series Ferrofluid has elevated colloid stability for high 
flux applications in tweeters and supertweeters.

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

O-Series Ferrofluid are used in woofers, midranges, full 
ranges and tweeters.

S-Series Ferrofluid are based on the same chemistry as 
the O-Series, and thus their properties are similar. Their 

saturation magnetization or viscosity values are 
customized to specific requirements.



APG Series based on a synthetic hydrocarbon carrier
Synthetic hydrocarbons have a good thermal stability and a good tolerance to 
extended contact with water.

Viscosities are measured at 27°C.
T tr is the transient temperature capacity
T op is the recommended operation limit which should not be exceeded for extended periods.
J is the saturation magnetization of the material
Discontinued products that are no more available: APG 900 series
Older products not listed here are not recommended for new developments: APG 800 series, APG 300 series
For individual data sheets and safety data visit: http://www.ferrotec-europe.de/en/htmls/fluid.data.php

Audio Ferrofluids

1100 Series Fluid Type

APG 1110 11.0 100

175°C 100°C

APG 1112 11.0 200

APG 1114 11.0 500

APG 1115 11.0 1000

APG 1116 11.0 1500

APG 1117 11.0 2000

APG 1117.10 11.0 10000

APG 1117.3 11.0 3000

APG 1117.5 11.0 5000

APG 1120 11.0 4000

APG 1121 16.5 200

APG 1132 22.0 200

APG 1133 22.0 500

APG 1134 22.0 1000

APG 1135 22.0 1500

APG 1136 22.0 2000

APG 1136.3 22.0 3000

APG 1140 22.0 4000

APG 1141 22.0 5000

APG 1142 22.0 10000

2100 Series Fluid Type

APG 2112 11.0 200

200°C 125°C

APG 2114 11.0 500

APG 2115 11.0 1000

APG 2116 11.0 1500

APG 2117 11.0 2000

APG 2117.3 11.0 3000

APG 2118.6 11.0 6000

APG 2120 11.0 4000

APG 2127.6 22.0 6000

APG 2127.6 22.0 6000

APG 2133 22.0 500

APG 2134 22.0 1000

APG 2135 22.0 1500

APG 2136 22.0 2000

APG 2136.3 22.0 3000

APG 2140 22.0 4000

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

1100-Series Ferrofluid is a low cost series of Ferrofluid 
with consumer quality in terms of lifetime and stability.

J
[mT]

γ
[mPa s]

T tr
[°C]

T op
[°C]

2100-Series Ferrofluid is the premium quality material for 
medium and high temperature applications.
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Products

Standard Ferrofluid Series
See pages 6 - 7.

Custom Ferrofluids
Custom ferrofluids can be tailored for individual applications. 
Contact your local sales office for full details.

Development kits
A new application generally requires experimenting with different
ferrofluids to meet precisely the performance objectives of the speaker.
Based on our extensive experience in the loudspeaker industry, we have
produced a range of development kits which contain an appropriate
selection of four different types of ferrofluids for a particular application.
The available kits are outlined below. Please call your local sales office
(details on back cover) for details of the fluids contained in each kit.
Development kits can also be custom-assembled to meet your specific
needs. Please call your local sales office for further details.

Kit Part Number

Home Hi-Fi Tweeter 88AB000001

Automotive Tweeter 88AB000002

Pro Sound Tweeter 88AB000003

Midrange 88AB000004

Woofer/Subwoofer 88AB000005

Super Tweeter 88AB000006

Compression Driver 88AB000007

Full Range 88AB000008

Retrofit kits
Ferrotec offers a number of retrofit kits. These can be used to replace the
ferrofluid in speakers, or in some cases retrofitting fluid to speakers origi-
nally built without ferrofluid. Each kit contains a pre-measured
quantity of application specific ferrofluid supplied in a ready to use
dispenser, absorbent paper for removing any existing ferrofluid and full
instructions. Retrofit kits are available for speakers from a wide range of
manufacturers. To find out if we have a kit that is suitable for your speaker,
call your local sales office (details on back cover).
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Technical Information

There are three important physical properties
of ferrofluid that must be understood to success-
fully design fluid-filled audio speakers and select
the best fluid: saturation magnetization, viscosity
and volatility.

Saturation Magnetization: Saturation mag-
netization is determined by the nature of the
suspended magnetic material and the
volumetric loading of this material. The greater
the quantity of magnetic material in suspension,
the higher the saturation magnetization of the
ferrofluid. Audio ferrofluids are manufactured
with a range of saturation magnetization
values from 7.5…40 mT.
Compared with iron which has a saturation mag-
netization of 1.7 T, ferrofluids
are weak magnetic materials.

Viscosity: Viscosity is a measure of resistance to
flow. It is defined as a ratio of viscous shear 
stress to shear rate and is measured in 
Pa s. Audio ferrofluids are manufactured 
with a range of viscosity values From 25…
10000 mPa s (measured at 27 °C). The most 
commonly used values fall within a much 
narrower range, typically from 100…
2000 mPa s.

Volatility: Several factors influence the volatility 
of ferrofluid in a loudspeaker:

• Evaporation rate of the carrier: Evapora-
tion Rate: expressed as % weight loss or loss
of material (in grams) from a surface area
of one cm²  in one second. At 175 °C, the
evaporation rates of audio ferrofluids range
from 1.0 to 8.5×107 g cm-2 s-1.

• Average ferrofluid temperature: A tempera-
ture gradient exists across the ferrofluid 
in an air gap such that the fluid is 
warmest next to the coil and coolest 
next to the top plate and pole.  A 
loudspeaker with a coil temperature of 
150 °C and top plate/pole temperature of 
80 °C suggests an average ferrofluid 
temperature of 115 °C.

• Exposed surface and ferrofluid quantity:
These factors are defined by the physical 
dimensions of the air gap.

Other properties which influence the performance
of a ferrofluid are: initial permeability, thermal
expansion, coefficient of friction, pour point,
density, thermal conductivity, electrical con-
ductivity and surface tension.

Quick Reference Selection Chart

Ferrofluid Type         Driver Type
APG 027n Woofer
APG S12n Subwoofer
APG S15n Compression Driver
APG J12 Alarm type, Headset speaker
APG 1136 Home hifi tweeter, damping
APG 2136 Automotive tweeter, damping
APG S14n Horn loaded tweeter
APG 047n Automotive tweeter, heat transfer
APG 017 Full range, home hifi, automotive
APG 077n Midrange, automotive, heat transfer
APG 2133 Midrange, automotive, damping
APG 1133 Midrange, home hifi, damping
APG L11 Supertweeter, home hifi, light damping
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Compatibility:  Successful ferrofluid application
engineering requires that the ferrofluid be fully
compatible with all the materials and adhesives
which have the potential to come into contact with
the ferrofluid including:

• Voice coil bobbin/former material: The critical
property here is that the material be non-
absorbent which eliminates kraft papers and
uncoated Nomex® materials. Compatible
materials include aluminum and Kapton®

• Collar material: Again, the critical property
here is that the material be non-absorbent.
Coated Nomex and Kapton have all been used
successfully in this application.

• Voice coil wire adhesive: All popular methods
(wet winding, self bonding) and related
adhesives are compatible with ferrofluids and
no incompatibilities are known to have been
encountered.  New techniques or adhesives
should be analyzed by Ferrotec Corporation
to ensure their compatibility with the appropri-
ate ferrofluid.

• Adhesive joints: The glue joint at the bobbin/
diaphragm or bobbin/cone/spider junction as
well as the magnet system structural adhesive
must be compatible with ferrofluid. Commonly
used acrylics, epoxies and cyanoacrylates are
compatible with virtually all hydrocarbon based
fluids and most ester based fluids. Ester based
fluids should not be used in conjunction with
rubber based adhesives. When introducing
ferrofluid into a design, or if changing the
adhesives used, compatibility should be fully
tested.

Avoiding fluid migration
Care should be taken to ensure that there are no
capillary paths present by which the ferrofluid could
migrate from the gap. The most common are:

• Machining grooves in the magnet top plate: If
these grooves terminate in the air gap, ferrofluid
can travel along the grooves via capillary action.

• Cotton impregnated lead wires: The cotton can
absorb the ferrofluid if they come into contact
with each other.  This type of material should
be wax coated if used in conjunction with
ferrofluid.

• Lead wire migration: Ferrofluid can travel
between the collar and former along the lead
wires via capillary action. This pathway can
often be successfully sealed using a wicking
adhesive (such as Loctite 290) or a gel
type adhesive (Hernon’s Quantum 134)
which is draped over the lead wires before
the collar is applied.

• Bobbin slit migration: If the gap between the
two ends of the voice coil former is too narrow
(< 0.025 mm) ferrofluid can travel up
the slit via capillary action.

Volatility:  The thermal capacity of the ferrofluid
should be chosen with respect to the operating
temperatures of the voice coil.  Moderate to low
temperature operation requires our more standard
products such as the APG 1100 series ferrofluids
(hydrocarbon based materials) while more
demanding high temperature applications
should utilize the ester based APG “O” or “S”
series or the hydrocarbon based APG 2100 series.

Nomex®  and Kapton®  are trademarks of Dupont Corporation.
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Driver type ___________   Power rating__________ Operating frequency range __________________

Type of application_______ Heat transfer_______  Damping __________ Distortion_________Other

Peak to Peak voice coil excursion _________________________________

Bobbin material _______________________bobbin slit width___________

Collar material, if present ________________________________________

Mechanical venting:  none_____  if present, where ____________________

Surface finish of front plate:  smooth_____ machining grooves __________

Magnetic flux density in air gap___________________________________

Damping coefficients:  Presently with no ferrofluid  Qe __________ Qm _________ Qt _____________

Desired with ferrofluid        Qe __________ Qm _________ Qt _____________

Operating environment:  Temperature range ____________ Humidity ___________ Other___________

Driver type ___________   Power rating__________ Operating frequency range __________________

Type of application_______ Heat transfer_______  Damping __________ Distortion_________Other

Peak to Peak voice coil excursion _________________________________

Bobbin material _______________________bobbin slit width___________

Collar material, if present ________________________________________

Mechanical venting:  none_____  if present, where ____________________

Surface finish of front plate:  smooth_____ machining grooves __________

Magnetic flux density in air gap___________________________________

Damping coefficients:  Presently with no ferrofluid  Qe __________ Qm _________ Qt _____________

Desired with ferrofluid        Qe __________ Qm _________ Qt _____________

Operating environment:  Temperature range ____________ Humidity ___________ Other___________

A ___________________

B ___________________

C ___________________

D ___________________

E ___________________

The Solution Is Loud And Clear.™

CORPORATION

®

Name                                                                                                         Telephone

Company                                                                                                    Fax

Street                                                     City                                              State                                 Zip

Voice coil wire-to-bobbin ________________________  Magnet-to-back plate________________________

Bobbin-to-diaphragm ___________________________  Center pole-to-damping cushion_______________

Bobbin-to-spider ______________________________   Magnet-to-front plate _______________________

33 Constitution Dr.~Bedford, NH 03110~Phone:(603) 472-6800~Fax:(603) 472-2511~www.ferrotec.com~info@ferrotec.com
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LOUDSPEAKER INFORMATION SHEET

LEAD WIRES

 COLLAR
 WINDINGS

VOICE COIL ASSEMBLY

 SLIT

Includes 10% additional amount

V=56.5 A [E2+C2-B2-D2] ml
All quantities in inches

V=3.5 A [E2+C2-B2-D2] ml
All quantities in cm

Recommended ferrofluid(s)
_______________________

Recommended volume 
________________________
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The Story Behind Ferrofluids
From ¡°Speaker Builder¡±, May issue, 1998
 
Michael Klasco
 
Undoubtedly, you have seen the term "ferrofluid-cooled" or liquid-cooled", or "magnetic suspension"  in speaker ads and read the
cryptic descriptions of the benefits of ferrofluids in speaker manufacturer's literature.  But after twenty five years of ferrofluid
being used by the audio industry??? and with over 400 million speakers treated???, it seems about time for a more
comprehensive discussion on the implications of magnetic fluids on audio quality in high definition loudspeakers.  We will explain
what are ferrofluids, why they are used in woofers, midranges and tweeters, and new developments in this technology will be
discussed.
 
Ferrofluids are sub-microscopic magnetic particles suspended in a lubricating oil, and were first created in research for NASA.  
Ferrofluidics Corporation was founded in 1968 with a license from NASA to research the technical and market development of
magnetic fluids technology.  Magnetic fluid applications include high performance bearings and seals, such as used in computer
hard disk drives and optical scanners.   High performance hard drives use ferrofluids in their servo motors to improve settling time
enabling faster data access and the latest generation of DVD players are using ferrofluids to damp their laser servo motors for
more stable performance.
 
Speaker manufacturers have used ferrofluids mostly for expediency - to increase production yields and reduce customer warranty
returns.  This is due to ferrofluid's thermal conductivity which reduces voice coil burn out and the "magnetostatic force" of the
ferrofluid within the magnetic gap which suppresses voice coil rocking.   Ferrofluids, being magnetically responsive, are attracted to
the voice coil gap's flux field and the fluid pushes back when the coil starts to become off center in the gap, acting as a restoring
force to maintain concentricity, thereby preventing rubbing and buzzing.  This is only partially due to the levitation effect of
ferrofluid (magnetostatic force).  Another factor in reduced voice coil scrapes is the reduction in voice coil operating temperature
avoiding the voice coil expanding and reducing gap clearance leading to the coil scraping the speaker magnetic system's top
plate.  Even the simple lubrication effect of the fluid reduces the abrasiveness of coil/ top plate collisions.  There are still other
practical benefits, such as ferrofluid's deterrent to dirt or particles entering the gap and even inhibition of corrosion of the coil and
gap.  Speakers used for life safety and voice warning applications almost always use ferrofluids in order to pass UL tests.
 
Many speaker manufacturers have had positive results with ferrofluids in tweeters and mid ranges, but wanted a ferrofluid more
appropriate for woofers.  Low viscosity and high saturation magnetization (magnetization strength) was asked for, in order for the
fluid to stay in the gap even at large excursions without requiring extensive changes to existing woofer designs.  About seven
years ago woofer-grade ferrofluids were commercialized.  The first speaker companies to use ferrofluids in sub-woofers were in
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pro-sound, followed by autosound manufacturers.   Quite a few high-end speaker manufacturers first begin evaluation of ferrofluid
woofers about five years ago and today many  there are many examples. 
 
While ferrofluid's use and application for increasing power handling are common knowledge, its advantages in reducing harmonic
distortion, intermodulation distortion, high power non-linearity anomalies as well as increasing overall clarity and definition, are not
commonly known by the audio community and will be discussed in this article. 
 
So how will ferrofluids optimize and stabilize woofer sound quality?  Transient response settling time (the ability of the speaker to
stop when the signal stops) is usually improved.  The damping is effective since, in the case of ferrofluids, it is applied directly in
the motor, rather than "after the fact damping treatments" on the cone or suspension.  If a woofer has a top-end response peak,
ferrofluids will tend to bring this under control with less side effects than a passive crossover network solution.  Ferrofluids reduce
certain mechanical noises that speakers make in and around the voice coil when the cone moves.  The muck or noise floor of the
speaker masks the natural inner voices of the music and ferrofluids usually clean this up a bit. 
 
Perhaps the biggest difference is not what you will hear, but what you won't hear.  Speakers change their sound quality as the
voice coil heats up, which would normally result during playing music for an extended period of time at realistic (or beyond
realistic) sound levels.  Since ferrofluids avoid much of the power compression effects that would otherwise result under these
conditions, the sound characteristic is more stable over time with ferrofluids.  What are these unstable effects?  We discuss these
in more detail in this article, but briefly the speaker's impedance increases, which shifts the crossover point.
 
Some acoustical phenomena that are due to voice coil temperature changes are sometimes be attributed to other factors (such as
in comparisons of speaker hookup wire, etc.) during  a/b and double blind testing will be touched upon. 
 
Heat Buildup and Power Compression In Speakers - A Missing Variable
 
The heat sinks in power amplifiers are a familiar sight, as most amplifiers are less than 75% efficient, with the wasted 25+% energy
resulting in heat.  An amplifier that consumes 100 watts will put out about 75 watts of audio power and 25 watts of heat.   But when
the 75 watts of audio signal is connected to a speaker, almost all of the power results in heat within the speaker, with only a tiny
amount of signal actually being converted to sound.  Only the most sensitive speakers achieve efficiencies of 5%, with most well-
damped dome tweeters and medium density cone paper or poly cone woofers performing closer to 1 - 2%. 
 
Lets say we have a speaker which is connected to an amplifier and tested at a 1 watt level for impedance and frequency
response.  Next the power is cranked up.  After the CD plays for an hour, the speaker is retested and the impedance will be found
to be significantly higher.  The crossover network turnover points will have shifted significantly.  Not only has the characteristics of
the speaker system's crossover changed, but the frequency response has changed, typically with a falloff in the upper range of the
woofer.   All of these anomalies are caused by voice coil heating.  The heat generated by the amplifier power passing through the
voice coil is partially transferred to the steel top plate of the speaker's magnetic system, and eventually carried throughout the
speaker.  Unfortunately, air is not an adequate conductor of this heat and it builds up on the voice coil faster than the air can carry
it away.   Changes in impedance are not the only problem with hot voice coils, as the heat causes the coil to expand, resulting in
the likelihood of buzzing by scraping the top plate. 
 
Ferrofluid immerses the voice coil in a thermally conductive fluid and transfers the heat off the coil, reducing reliability problems
and changes in performance that occur due to heat buildup.  Ferrofluid stays in the gap due to the strong magnetic field of the
gap. 
 
A look at the two response plots (fig. 1 & 2) shows a 4" midrange speaker driven at 35 watts.  The first graph is the speaker
without ferrofluid, one plot taken immediately, the second after 45 minutes.  There is a loss of over 3 - 8 dB over most of the
response range, with a strong loss of output at the top-end.  The second graph is the  4" midrange treated with ferrofluid, under the
identical conditions.  Note that the loss of output is only 1 - 3 dB, with only a slight shift in top end response. 



 
Loss of Clarity and Definition due to Spectral Contamination
Aside from frequency response and other basic measurements typically used to judge the "quality" of a speaker's reproduction,
complex multi-tone techniques have also been devised.  Using Spectral Contamination testing, the "self-noise" of the speaker can
be revealed.  Spectral contamination is a measure of intermodulation distortion, but "IM" is typically comprised of only two test
tones, while music consists of many more tones.  All speakers have subtle (or not so subtle) buzzes, rattles, noise modulations,
and other anomalies.  Spectral Contamination uses multi-test tones (as many as 50 or more) that are generated simultaneously
and are sent to the speaker.  Each tone is about 1 Hz wide and spaced some number of Hertz apart.  This test signal
approximates the complexity of music.  Deane Jensen devised one variation of this technique and wrote an AES paper describing
the procedure.  The Bell Labs SYSid acoustic analysis test system offers the Spectral Contamination test, while the Audio
Precision One uses a similar procedure which they call FASTEST.  Interestingly, Audio Precision only talks about FASTEST as a
QC procedure for automatic testing for buzz and rubs of speakers coming off a production line.  If high enough dynamic range is
available (which is achieved with the SYSid using a technique known as synchronous averaging), then different speaker designs
that are operating correctly can be evaluated for their relative freedom from spurious resonances.  In this test the intrinsic self-
noise of the speaker tends to fill the space between the tones, abet quite a bit down from the tones.  For example, a shallow and
relatively undamped metal dome tweeter will usually be noisy.  When the tweeter is excited by the multi-tone test signal, all  the
resonances are excited and contribute to the output.  Perhaps the "acoustical dirt" will be only 30 or 35 dB down on a fairly large
midrange metal dome tweeter.  A very high quality soft treated fabric dome tweeter may contribute negligible "noise" and mostly
pass just the discrete test tones, with the self-noise of the speaker being maybe 40 dB to 50 dB down or more. 
 
Why is this important and what does this have to do with ferrofluids?  Actually, spectral contamination may just be the most
important single test of a speaker's quality.  If a speaker has low spectral contamination, then ambience and the inter-voices of the
music will not be masked by the speaker's muck.  A poor speaker will fill-in the space between the tones with junk.
 
While ferrofluids cannot help damp cone diaphragm breakup directly, the voice coil bobbin's torsional resonances are dramatically
reduced.  (see figures 3 & 4, measurements of spectral contamination, with and without ferrofluid).   In fact, ferrofluids are
primarily used in seals and precision spindle motors for computer disc drivers in order to damp these torsional resonances.  A
bobbin is the former that the speaker's voice coil wire is wound on.  The bobbin is a critical element in sound reproduction as the
vibration from the voice coil must travel through the bobbin in order to reach the cone or dome diaphragm.  Any resonances within
the bobbin will contaminate the sound quality before it reaches the diaphragm and therefore this spurious energy will be radiated
into the room.  With ferrofluid in the gap, the bobbin is damped and its "noisiness" is attenuated.  Are these resonances a real
problem and do ferrofluids really help?  One way this can be evaluated is to build up a speaker without the cone, only the voice
coil, spider, and dust cap.  The self-noise of the bobbin will be clearly audible without ferrofluid, while the fluid-damped version will
be significantly quieter.  Pioneer measured similar phenomena almost ten years ago when they first began using ferrofluids in
dome tweeters.  In a dome tweeter the diaphragm is very tightly coupled to the bobbin, and the bobbin's distortion (and the
distortion reducing effect of ferrofluid) is most dramatic.  But in the case of speakers with large cone areas, what goes on in the
bobbin has less of a direct effect on the "flapping of the cone" far away, and performance will be more dependent on the speaker
engineer choosing a quality cone rather than ferrofluid damping.
 
Still another aspect of ferrofluids in woofers is proper cavity venting.   The techniques used to prevent the ferrofluid splashing due
to pressure buildup behind the voice coil (from trapped air within the magnetic structure) also dramatically reduces the speaker's
modulation noise.  Reducing the modulation noise of the speaker is critical to maintaining clarity and definition.  Fig. 5 shows
various woofer venting schemes.
 
Behind the speaker dust cap is the pole piece.  During the backward stroke, the air trapped behind the dust cap will cause the dust
cap to puff outward, and on the outward stroke, the dust cap will buckle inward, in both cases making unhappy noises.  Aside from
this problem is that the dust cap may even eventually be blown off (very impressive on the 1812 Overture!).
 
The pole piece on many woofers are vented both to relieve the under-the-dust-cap cavity pressure and aid cooling the voice coil. 



It is not always possible to vent the pole piece, either due to cost considerations or that the venting would reduce the magnetic
return path efficiency, such as in the case of a small diameter pole piece.  Prevention of pressure build-up can then be
accomplished by a breathing dust cap or a vented voice coil bobbin or venting the cone body underneath the dust cap.
 
A chamber is created by the internal diameter of the magnet and the space between the top and bottom plates.   On the downward
stroke the voice coil displaces this volume increasing the pressure in this cavity.  Without venting, the trapped air will be forced
through the voice coil gap at high velocity and the ferrofluid may splash if the excursions of the coil are large. 
This pressure can be vented by holes in the back plate or if the pole piece is vented, a crosswise vent can link the back plate cavity
to the vented pole piece. 
 
The chamber between the spider and the basket should also be vented to relieve the air pressure in this cavity.  The spider is the
tan colored woven fabric that can be seen through the speaker basket windows (when looking at the rear of the woofer).  Although
the spider appears to be an open fabric, the air resistance of the treated fabric is very high.
 
With proper cavity venting techniques the air velocity and turbulence noise within the voice coil gap is greatly reduced.  Although, if
all  these venting techniques are used, but without using ferrofluid, there will be an increased chance of voice coil rubs and
buzzes.  Without venting, the high velocity air streaming through the gap (from the unvented air cavities) creates an air bearing
effect in the gap - but this is accompanied with a lot of whistling noise.  But when the cavities are properly vented and ferrofluid
applied, gap modulation noise stops completely, both because of the sealed gap and the fluid damping of bobbin torsional
resonances.
 
What is this air modulation noise?  A cone speaker has a number of internal chambers that unintentionally created due to how all
the parts go together.  These chamber or cavities are behind the spider, behind the dust cap, and behind the voice coil (the space
created inside the magnet ring and the back plate).  As the speaker moves back and forth, the cone/ spider/ dust cap is either
compressing or creating a vacuum in these chambers.  This can cause air sucking noise ("air modulation noise"), or even worse,
the buckling of the speaker diaphragm elements, or resulting in spurious noise.
 
 
It is important that the optimum viscosity of ferrofluid is selected with attention to the viscosity versus temperature curve and the
effect on the efficiency and operating bandwidth of the driver.  When normal operating temperatures are typical, then the
dampening effects of high viscosity ferrofluid can be used as an integral design factor.  When high temperature operation is
common, then the viscosity should be selected so that the pass-band response of the driver is not affected by ferrofluid at normal
operating temperature.  The decreasing viscosity of ferrofluid counteracts the effect of power compression during high temperature
operation so that the frequency response will not be appreciably altered.  This compensation effect can be seen in the
measurements taken of a dome tweeter, with and without ferrofluid in fig. 6.
 
Early design efforts to use ferrofluids occasionally went overboard in the use of excessively high damping characteristics. 
Ferrofluids were used not only to control top end resonance problems, but even as to limit low frequency excursion of tweeters.  In
the 1970s one Japanese studio monitor (which also made it into the U.S. and was sold into the audiophile market) eliminated the
crossover network completely and used high viscosity ferrofluid of a few thousand centipose.  Today, most APG (Audio Product
Grade) ferrofluids are only a few hundred centipose, or less.  
 
Conclusion
While the vast bulk of speakers that use ferrofluids do so because the manufacturer wanted higher power handling and less
production rejects and warranty returns a number of speaker designers have used ferrofluids simply because the treated speakers
sounded cleaner. 
 
Both audiophiles and speaker designers have always suspected that the more simplistic testing of speakers, such as frequency
response sweeps, does not reveal all that can be heard.  More recently, procedures have been devised to capture and quantify



performance shifts over time that cannot be discerned by short-term A/B testing procedures.  One example discussed was the
power compression phenomena where the voice coil heats up, which increases the speaker's impedance, resulting in misaligning
the crossover network.  Power compression effects due to these shifts in voice coil temperature can be stabilized by the heat
transfer effect of ferrofluids, maintaining sound quality even at high decibel levels. 
 
Spectral contamination is another example given of a distortion that is quite perceptible, but previously elusive to measure. While
spectral contamination is clearly audible, it does not necessary show itself in frequency or transient response tests, nor is this effect
so easily discerned even with total harmonic distortion plus noise testing.  One can think of spectral contamination as the noise and
rattles of the various parts of a speaker jiggling about, just as one might have with a garbage truck bouncing down a bumpy road,
all the oscillating parts (cone, dust cap, etc.) hung onto the speaker frame rattling around.  Spectral contamination testing uses a
procedure with many simultaneous test tones to evaluate the speaker's self-noise contribution to the signal, and is one of the first
acoustical tests that closely approximates the complexity of musical signals.  Using this technique, it now can be seen that some
forms of spectral contamination can be controlled with the application of ferrofluids, thereby achieving superior clarity and
definition.
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FerroTec — New Developments in 
Magnetic Fluids
By Steve Tatarunis and Mike Klasco 

Menlo Scientific’s Loudspeaker University recently made a 
stop in South China for a two-day seminar. One hundred of 
China’s top loudspeaker engineers gathered at the Sheraton 
Dongguan Hotel to learn about the latest developments in 
loudspeaker materials science and technology.

In the coming months, Voice Coil will publish a series of 
articles featuring the companies who participated in the semi-
nar. This month’s featured company is FerroTec Corporation, 
a regular Loudspeaker University participant since its inception 
in 1994.

The Origins of Ferrofluid and                      
Ferrotec Corporate History

Over a decade ago, when production of tweeters was still 
common in the US and Europe, most speaker engineers had 
practical, hands-on experience with ferrofluid technology. 
Specifying the viscosity, saturation magnetization, and volume 
of fluid for a given speaker application and reviewing the 
specification with Ferrofluidics was a part of the design process. 
Today, most tweeters are assembled in China and the process 
of ferrofluid selection takes place in Dongguan, not Boston. 
Yet there are growing reasons for Western speaker engineers to 
remain involved in the development of the products their firms 
will market. But first, some history. . .

Modern magnetic fluids, or ferrofluids, were developed in 
the 1960s by NASA to address the unique problems associated 
with controlling liquid rocket fuel in the zero gravity environ-
ment of outer space. When NASA shifted its focus to solid 
rocket fuel, the project was placed on the back burner but the 
research team—recognizing the potential of this unique mate-
rial—was granted a non-exclusive license by NASA to continue 
the technical and commercial development of ferrofluids. It 
was this team that went on to form Ferrofluidics Corporation 
in 1968.

One of the first products developed by Ferrofluidics 
Corporation was the Ferrofluidictm seal. By producing a mag-
netic circuit around a rotating shaft, a liquid o-ring of ferrofluid 
could be formed around the shaft, producing a seal. This basic 
seal design is still widely used today in many semiconductor 

and vacuum industry processes, but an early application was in 
the computer hard disk drive where it was used as a seal around 
the shaft of the drive’s spindle motor. The seal prevented con-
taminants from accumulating on the surface of the hard disk 
and also served as a path for electrostatic discharge.

In 1980, to facilitate the manufacturing and sales of the disk 
drive seals and other Ferrofluidictm products throughout Asia, 
Ferrofluidics established a subsidiary company in Japan known 
as Nippon Ferrofluidics Corporation, or NFC. Later, in 1987, 
Ferrofluidics spun-off NFC and entered into a series of strategic 
licensing agreements with them. In 1996, NFC became a pub-
lic company and changed its name to FerroTec Corporation. 
During this time, the company diversified into non-ferrofluid-
based products such as thermoelectric modules and contract 
manufacturing. Ferrotec and Ferrofluidics co-existed as separate 
entities until the two companies reunited by means of a merger 
in 1999 and Ferrofluidics changed its name to FerroTec (USA) 
Corporation in early 2000.

The merger has brought together two companies with 
complementary products, capabilities, and distribution net-
works. This will lead to better ferrofluid technology globally as 
the R&D and engineering knowledge of the two companies are 

FIGURE 1: Diagram of seal.
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combined. Another benefit of the merger is the production of a 
truly worldwide sales, service, and technical support network.

The global company has over 3800 employees and over 
1 million square feet (100,000m²) of design, manufacturing, 
sales, and service area. With sales offices over three continents 
and an ever-increasing range of innovative high quality prod-
ucts, Ferrotec is well positioned to serve its clients now and into 
the future.

Ferrofluids in Loudspeakers
Ferrofluids are found in almost all tweeters produced today. 

The ferrofluid is dispensed into the voice coil gap and is held 
in place due to its attraction to the strong magnetic field in the 
gap. From a chemist’s perspective, ferrofluids are a colloidal 
suspension of sub-micron sized iron oxide particles dispersed in 
a carrier liquid. In the case of audio grade ferrofluids, the car-
rier liquid is synthetic oil, typically a hydrocarbon or an ester. 
The iron oxide particles give the fluid its magnetic properties 
while the physical properties of the carrier liquid provides 
many of the ferrofluid’s actual performance enhancements to 
the loudspeaker.  

Ferrofluidics’ early 1970s efforts to identify new applications 
for ferrofluids led to the successful synthesis of ferrofluids that 
enabled loudspeaker manufacturers to improve audio speaker 
performance. In this application, which takes advantage of a 
ferrofluid’s thermal conductivity, the fluid is dispensed into 
the air gap of the magnet assembly, completely displacing the 
volume of air that typically insulates the voice coil from the 
surrounding metal parts of the magnet structure. Because fer-
rofluids are roughly five times more thermally conductive than 
air, the thermal resistance between the voice coil and magnet 
steel is reduced considerably. 

This allows for cooler operating temperatures at a given 
input voltage and protects the voice coil from thermal failure 
under both transient and continuous operating conditions. 
Another benefit of ferrofluid is that its viscosity value can be 
selected to influence the damping of the speaker at its resonant 
frequency. Additionally, the magnetic fluid provides a center-
ing force on the voice coil, reducing rubs and buzzes and—in 
certain cases—eliminating the need for the spider. 

Ferrofluids can also have a positive impact on the manu-
facturer’s bottom line as both production yield and warranty 
returns are reduced, which more than offsets the cost of the 

ferrofluid. This is due to a combination of ferrofluid’s thermal 
conductivity and centering forces which reduces voice coil 
burnout in the field and rubs and buzzes on the production 
line. There are still other practical, but mundane benefits, such 
as ferrofluid’s deterrent to dirt or particles entering the gap and 
even inhibition of corrosion of the coil and gap.

One of the first speakers to use ferrofluids was the tweeter in 
the Acoustic Research ("AR") 4X. These early acoustic suspen-
sion compact speakers were popular in college dorms but the 
tweeters were constantly getting cremated by rock music, not 
the string quartets or jazz envisioned by the designer. With 
the addition of ferrofluids, not only was the voice coil burnout 
issue eliminated, but the spider in the small cone tweeter could 
be removed. Today, ferrofluid technology is used in over 160 
million loudspeakers per year, of which roughly two thirds are 
automotive speakers.

In 1998, the company entered into another A/V market—
supplying ferrofluid for use in DVD optical pickup actuators 
where the ferrofluid damping greatly improves the actuators’ 
settling time and vibration characteristics.

In addition to these products, over the years many additional 
applications for ferrofluid have been developed by the company 
and in conjunction with other individuals and companies. 
These applications include seals, bearings, semiconductor 
processing equipment, power transformers, material separation 
and reclamation processes, ferrofluid bearings, quiet solenoids, 
sensors, and switches. New applications are always being exam-
ined, and the company is happy to partner with other organiza-

FIGURE 2: Diagram of a ferrofluid.
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FIGURE 4: Viscosity effect on impedance curve.
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FIGURE 3: Viscosity effect on frequency response.
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tions on a confidential basis to develop new uses for ferrofluid.

Newer Audio Ferrofluids and New Applications
Over the last 35 years, much ferrofluid has been used in loud-

speakers, the latest estimate being 1.8 billion transducers. During 
this time, advances in ferrofluid science have successfully kept up 
with new loudspeaker industry trends and technologies.

Audio people know ferrofluids from their use in tweeters. Yet 
other applications include woofers, with many prosound and auto-
sound bass speakers using ferrofluids in the field—some for close 
to two decades. Proper design practices such as magnetic structure 
cavity vending, voice coil geometry, and the use of “high gauss” 
woofer grade fluids will result in successful woofer designs. 

Less critical in design are the mid-bass woofers used in home 
theater satellite speakers due to the Dolby electronic crossover hi-
pass at 125Hz. In some cases these satellite “woofers” do not use spi-
ders, as the ferrofluid is adequate for centering the voice coil in the 
gap. Similar limited excursion dynamic loudspeakers such as those 
found in car doors are also good candidates for the use of ferrofluid. 
The corrosion resistance provided by ferrofluid in the voice coil gap 
will also be of great benefit to most speakers used in the automotive, 
marine, outdoor, and other harsh environments.

Other audio applications include headsets, including high 
output designs for in-ear monitoring for performers and also for 
acoustic feedback suppression and damping in hearing aids. Small, 
full range multimedia speakers have also benefited from the use 
of ferrofluid, not only for increased power handling but for coil 
centering/spider removal.

Recent patents from Harman disclose their development work 
on the application of ferrofluids for damping and distortion reduc-
tion of ribbon planar speakers.

A number of speaker designers have begun to use ferrofluids 
simply because the treated speakers sounded cleaner. It is now clear 
that some forms of spectral contamination, including modulation 
noise and bobbin torsional resonances, can be controlled with the 
application of ferrofluids, resulting in speakers of superior clarity 
and definition. The work at Harman indicates that these benefits 
can be applied to ribbon speakers also.

Poor Production Practices and the                   
Emergence of Counterfeit Ferrofluids

In China, where “cost down” is king, every possible way to 
control costs has been studied. Unfortunately, these actions can 

be taken over the top to the point where the performance and 
reliability of the speaker is compromised.  We wrote an article on 
this topic some time ago (“The Real Thing,” Voice Coil March 
2003) and nowhere is this as important as it is with ferrofluids.

Some factories only partially fill the voice coil gap and use a 
higher viscosity fluid to “fake” the correct amount of the opti-
mum viscosity ferrofluid—but then power handling suffers and 
the life of the ferrofluid may be reduced. Others use counterfeit 
ferrofluids from China, Korea, or Japan, which are inferior and 
unstable—not only violating the ISO 9001 banners that hang 
from every factory in China, but also risking high field returns 
for their customers. Others might use the proper type of ferro-
fluid but are not willing to invest in the precision dispense valves 
needed to guarantee proper unit to unit fill consistency. 

Considering all this, it is prudent for the speaker engineer on 
the receiving side of the factory to spec genuine FerroTec fer-
rofluid and include the fluid part number (not just viscosity and 
saturation magnetization) to ensure the “right stuff” gets into the 
gap. Further, the manufacturer should audit their vendor’s pro-
duction processes to ensure that the ferrofluid is being properly 
stored, handled, and dispensed. Ferrotec provides a no-charge 
service to advise speaker engineers in these important processes 
with experienced engineers to spot-check the factories in China.

Speaker engineers should consider deepening their knowledge 
in the selection of the optimum ferrofluid for the job, in the cor-
rect selection of compatible bobbin and collar materials, and cav-
ity venting. Devices other than tweeters should also be considered 
as candidates for the many benefits of this space-age technology. 
FerroTec is doing their part by updating their online application 
notes on the use of ferrofluids in loudspeakers and ferrofluid edu-
cation will continue to be a core part of the curriculum at future 
Loudspeaker University seminars.

For further information: http://www.ferrotec.com    VC

Steve Tatarunis has been Audio Products Manager at Ferrofluidics 
Corporation.

Michael Klasco is the president of Menlo Scientific Ltd. in Richmond, 
CA, a consulting firm to the loudspeaker industry. He is the organizer 
of the Loudspeaker University seminars for speaker engineers. Mike con-
tributes frequently to Voice Coil. He specializes in materials and fabri-
cation techniques to enhance speaker performance.

FIGURE 6: Voice coil temperature vs. time.FIGURE 5: Short-term voice coil temperature vs. power.
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Ferrofluids
Improve performance and reduce cost in surround satellite woofers and full-range microspeakers.

By Steve Tatarunis and Mike Klasco

For over 35 years, ferrofluids have been successfully 
applied to tweeters in hi-fi, pro-sound, home theater, 

and autosound products. Over 275 million speakers con-
taining ferrofluid were manufactured last year, and since 
its introduction in 1972, close to 3 billion speakers have 
received the benefits of this space-age technology. Originally 
developed by AVCO scientists working on a NASA project 
for magnetic control of liquid fuel in the non-gravity of 
outer space, the technology was later licensed to the sci-
entists for the development of commercial applications. 
Ferrofluidics (now Ferrotec Corporation) was founded.

The application of ferrofluids in the voice coil gap pro-
vides many benefits to loudspeakers. Because the ferrofluid 
is roughly 400% more thermally conductive than the air 
it replaces, voice coil operating temperatures are reduced. 
Short-term power handling is dramatically increased, and at 
elevated power levels, electrical and thermal parameters are 
more stable (less power compression effects). 

The viscosity of a ferrofluid may also be selected to better 
control the damping of a loudspeaker at its resonant fre-
quency. The use of ferrofluid can also result in a reduction 
in distortion and smoother frequency response. Another 
benefit is the centering effect of ferrofluid. A ferrofluid 
provides a uniform radial centering force to the voice coil, 
enhancing voice coil centering while the lubricating proper-
ties of the fluid reduce the harsh sounds associated with coil 
scrapes and rubs.

A recent trend that takes full advantage of the center-
ing effect is the increasingly common use of ferrofluids 
in compact extended range (and full-range) speakers. The 
application of ferrofluid to these micro-full-range speakers 
such as the fashionable inverted dome used in the seemingly 
endless proliferation of iPod-docking stations has enabled 
manufacturers to simplify their designs while improving 
their production yields.

A derivation of this class of high-performance micro-
speaker is the use of ferrofluids in mid-bass woofers such as 
those used in satellite speakers in home theater AV systems. 
These speakers require higher voice coil excursion than 

tweeters and thus require special consideration for the use 
of ferrofluid.

In this article, we will discuss design techniques for 
low- and medium-power satellite speakers used for home 
theater in a box (HTiB). Additionally, we will introduce 
new low-cost ferrofluids for multimedia and home theater 

PHOTO 1: Panasonic home theater system with integrated center 
channels into the left/right towers with the midrange and tweeter 
ferrofluid cooled.

PHOTO 2: Ferrofluid responds to an applied magnetic 
field.



2  Voice Coil   2009    www.audioXpress .com

mid-bass speakers. Of particular interest to designers is the 
discussion of single-sided use of ferrofluid, i.e., placing the 
fluid between the I.D. of the voice coil bobbin and the pole 
piece or between the O.D. of the coil and the top plate. 
This new technique significantly reduces the amount of fer-
rofluid required and also eliminates the need for the type of 
cavity venting typically required to reduce pressure forces on 
the ferrofluid. A secondary benefit is that this single-sided 
gap filling technique minimizes the ferrofluid’s effect on 
raising the resonance frequency due to trapped air within 
the magnetic structure cavity.

Single-Sided Application of  
Ferrofluid in the Voice Coil Gap

Multimedia docking stations, portable DVD players, 
laptop audio systems, smart phones with MP3 and inte-
grated speaker systems, cell phones with speakerphones 
and portable GPS systems are just a few of the emerging 
applications where higher voice coil/diaphragm excursion is 
required, yet power dissipated in the voice coil is low—and 
voice coil operating temperatures are not excessive. This 
high efficiency and low power operation is driven by the 
designer targeting longer battery life.

Altec Lansing’s original InMotion iPod docking station 
was quite a market success with well over 1 million units 
shipped. Harman’s multimedia PC sound systems and the 
JBL InConcert micro audio systems are other examples 

of single-sided fer-
rofluid use for voice 
coil centering. There 
are dozens of micro 
sound systems fea-
turing high-excur-
sion inverted dome 
speakers that are 
used down to the 
mid-bass. Many of 
these extended range 
microspeakers have 

secondary suspensions besides the surround, and most of 
these suspension techniques are proprietary. One non-pro-
prietary solution for high excursion coil centering available 
to designers of these unique microspeakers is the application 
of ferrofluid to one side of the voice coil.

Practical experience of most users of ferrofluid—wheth-
er for the established application of tweeters, or the newer 
use for high-performance microspeakers—report dramatic 
reductions in both production line rejects and field returns 
due to the centering effect. This is partially due to reduc-
tion in voice coil operating temperature preventing the 
voice coil from expanding and then scraping the top plate 
and also from the centering effect of ferrofluid, also known 
as magnetostatic centering. This centering effect can easily 
be demonstrated by injecting ferrofluid into the gap of a 
reject extended range speaker. The coil will typically be 
forced into concentric position, eliminating the noise and 
rubbing. This test demonstrates the power of the center-
ing effect.  

Some Aspects of Magnetostatic Centering
1. The centering force stability of a speaker’s suspension 

decreases with excursion. The centering force of fer-
rofluid increases with excursion as the volume of fluid 
displacement increases. Ferrofluid comes into play when it 
is needed most!

2. In the case of satellite mid-bass woofers, the spider is 
attached above the top winding of the voice coil in 
order for adequate clearance during the rearward stroke. 
Otherwise, the spider will hit the back of the speaker 
basket (the plateau). Because the spider is not in the 
same plane as the voice coil, any rocking of the spider 
results in a greater displacement offset when the rocking 
motion of the bobbin reaches the voice coil in the gap. 
Ferrofluid is located in the gap and on the same plane 
as the coil. The ferrofluid counteracts the rocking from 
the spider, somewhat like a secondary suspension, but 
with the added benefit of being on the same plane as 
the coil.

3. A common design issue with 50-100mm diameter satel-
lite woofers in compact enclosures is reaching down to the 
target crossover frequency. One of the contributing fac-
tors increasing the F0 (resonant frequency) of the speaker 
is the spider. While the woofer’s moving mass and back 
volume of the enclosures are significant contributors, you 
can use a much more compliant and lighter spider (or 
maybe no spider at all) when ferrofluid is used.

Design Considerations
There are a half-dozen opportunities for cost reduction 

and performance improvement in satellite HTiB speakers 
when ferrofluids are used in the mid-bass (or full range) 
speakers. Consider the following:

Reduced voice coil diameter—since the ferrofluid, even 
in single side of the coil applications, provides some reduc-
tion in the operating temperature, you can use a smaller 
diameter voice coil. Reducing the voice coil diameter also 
enables the designer to scale down the magnetic structure 
size while retaining adequate power handling. Reducing the 
size, weight, and cost of the magnetic structure on the satel-
lite speaker even a few cents adds up when you consider that 
there are at least five channels in every system. 

Because HTiB is a closed system where the speaker 
designer controls (or at least knows) the maximum power 
the speaker must endure, thermal design reserve does not 
need to be excessive. Reduced voice coil diameter enables 
more extended top-end response and a higher crossover 
point. Moving the crossover upward invites a lower-cost 
higher F0 tweeter. Finally, the mid-bass speaker’s smaller 
magnetic structure allows the back volume of the enclosure 
to increase, extending the satellite speaker’s mid-bass exten-
sion, an area that typically needs a bit of help.

New Multimedia Ferrofluid Series
Ferrotec Corporation recently introduced two new series 

of ferrofluids which have been designed specifically for the 
single-sided gap filling technique in home theater and mul-
timedia loudspeakers.

PHOTO 3: Altec-Lansing InMotion.
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APG W Series 
of ferrofluids con-
sists of two mod-
els, APG W05 and 
APG W10. Both 
ferrofluids possess 
the high saturation 
magnetization value 
(400 gauss) needed 
for voice coil center-
ing. In most cases, 
APG W05 will be 

the preferred choice by the designer because its properties 
are tailored for use in low- to medium-power designs. 
However, when power requirements and voice coil tem-
peratures increase, APG W10 should be utilized due to 
its higher thermal stability and extended life at higher 
operating temperatures.

FRM Series of ferrofluids are designed for typical appli-
cations in cost-sensitive full-range speakers (flat panel TV, 
multimedia, MP3 docking station, PC, laptop, and so on) 
used in low-power designs. FRM offers high performance 
at low cost and comes in a wide range of magnetization and 
viscosity values.

CONCLUSION
The APG W and FRM series of ferrofluids from 

Ferrotec, used in conjunction with single-sided applica-
tion of the ferrofluid in the gap, have brought the advan-

tages of ferrofluids to multimedia and HTiB midbass/
full-range speakers without the need for complex venting 
for cavity pressure relief.

Ferrofluid offers the benefits of improved voice coil 
centering, higher production yields and fewer field 
returns due to voice coil scraping. The heat transfer char-
acteristic of ferrofluid significantly reduces power com-
pression effects and further reduces incidence of voice coil 
failure due to burnout. In particular, the use of ferrofluid 
in cost-sensitive designs allows the designer to reduce the 
voice coil and magnet size, leading to beneficial savings 
in cost, weight, and size without compromising system 
performance.

Successful application of ferrofluid to any specific 
transducer still requires competent engineering on behalf 
of the designer, but guidelines to resolve most problems 
have now been mapped out. Application notes detail-
ing material compatibility with ferrofluid, calculating 
volume of ferrofluid, reprints of technical papers and 
other support materials are available from Ferrotec (www.
ferrotec.com). The engineering staff of Ferrotec provides 
technical support to loudspeaker engineers interested in 
exploring the application of ferrofluids to their design 
projects.                     VC

PHOTO 4: Harman-Kardon SoundSticks.

PHOTO 5: Sony computer monitor with ferrofluid full-range 
microspeakers (Sony Vaio VGC-RT50).

PHOTO 6: Sony flatscreen TV with ferrofluid full-range micro-
speakers (Sony Bravia KDL-46XR1).
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 Spotlight

Figure 1a: Geometry to derive radial distance R(q) from 
the center of inner pole piece with a R0 radius to a point 
at position on the voice coil with an inner radius Ri. b: The 
apparatus for measuring centering force by ferrofluids.

New Developments with 
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�
By Y. Hirota, B. Moskowitz, S. Tsuda, K. Raj 
(from Ferrotec Corp.) and J. Ying, (from 
Sea Galleon International)

Ferrofluids have been commonly used in tweeters 
for the last 40 years. Industry acceptance was quick 

as higher power ratings, increased production yields, and 
reduced warranty returns made adoption attractive to 
marketing, production, and engineering teams. The higher 
production yields are a result of the self-centering phenom-
ena from ferrofluids providing magnetic buoyancy forces 
to reduce coil scraping. These self-aligning phenomena 
also contribute to reduced field failures along with the heat 
transfer benefits of ferrofluids, which provide the higher 
thermal power handling characteristics. Further increas-
ing the centering force would have special benefits for 
speakers without a secondary suspension (i.e., a damper/
spider). Examples of single-point suspension transducers 
include micro-speakers, earphones, headset drivers, and 
some tweeters and compression drivers. Practical applica-
tion of ferrofluids to micro-speakers for reduced rocking 
and the resulting coil buzzing against the pole piece is of 
high interest to the mobile audio engineering community.

At ISEAT 2011 last November, a paper was given by 
Ferrotec that has far reaching implications, enabling more 
stable diaphragm excursion and reduced rocking modes. 
This can be achieved without changing the existing single-
point suspension topology using new ferrofluid gap filling 
strategies. The paper also highlighted reduced ferrofluid 
splash due to shock, an issue critical in cell phones and 
mobile electronics. Advanced ferro-hydrodynamic analyses 
are employed to quantify model behavior with predictions 
compared to experimental data.

The solution for enhancing the centering force is simple 
and provides reduced cost over conventional ferrofluid 
applications. Only fill the gap between the voice coil and 
the inner pole piece, instead of the common approach 
of completely filling both sides of the coil with ferrofluid. 
For decades, the optimum gap fill has been both sides of 
the voice coil. The increased thermal power handling has 
always been a key benefit of ferrofluids in speakers. Now 
for optimized centering, we are trading off about half of the 
increase in thermal power. Air is a poor thermal conductor, 
while ferrofluids provide more than four times the ther-
mal conductivity of air. The thermal resistance of the gap 
between the voice coil and the heat sinking of the magnetic 
structure will be higher when only one side of the gap has 
the benefit of ferrofluids. Another factor is the special case 
of cell phones, headsets and earphone drivers which use a 

monolithic (self-supporting) voice coil construction where 
there is no bobbin. One preliminary test with one side fill-
ing results in a dramatic reduction of coil temperature and 
avoidance of power compression effects. In this specific 
case, at more than 1.2-W RMS, coil temperature reached 
more than 110°C without ferrofluid. Under the same test 
conditions, it was below 95°C with ferrofluid. In the case 
of drivers with bobbins (e.g., tweeters and compression 
drivers), outside filling can conduct heat from voice coil 
to yoke (surrounded parts) directly without much loss of 
thermal power handling in real-world field conditions. For 
inside filling, less heat transfer is estimated unless bobbin 
has high heat conductivity (e.g., aluminum).

Another aspect of ferrofluids in microspeakers are 
the limits on drop height where splashing is expected. 
Increased shock resistance also holds interest using fer-
rofluids in mobile electronics transducers as well as seals, 
instruments, motors, and other devices.

Analysis & Measurement of Voice Coil 
Centering

The unperturbed geometry of the pole/voice coil/pole 

a) b)

Figure 2: Comparative displacements of voice coil
in response to radial force
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structure of an audio speaker was modeled as three con-
centric cylinders with the magnetic field radiating sym-
metrically from the inner pole to the outer one as shown 
in Figure 1a.

An apparatus shown in Figure 1b was devised to 
measure radial force versus displacement with results 
shown in Figure 2. The apparatus in these tests con-
tained a central magnet inside a U-shaped permeable 
piece. Parameter values are (APG 836 ferrofluid) Ms = 
0.022 tesla, B0 = 0.9 tesla, Ri = 12.75 mm, and R0
= 12.25 mm.

Tests in which only the outer gap was filled with fer-
rofluid resulted in spontaneous anti-centering of the voice 
coil, bringing it into contact with the outer wall in agree-
ment with theory.

Description of the Splashing Phenomenon
These studies used a shock test apparatus, in which a 

fixture drops from a known height, slides down vertical 
rails, and impacts face down on a hard surface. The fixture 
contains a magnetic circuit with an annular gap that is 
filled with ferrofluid. The acceleration at impact is mea-
sured and the free surface of the ferrofluid is photographed 

with a high-speed 
video camera 
(9,000 frames/s). 
A c c e l e r a t i o n 
peaks were as 
high as 1,000 g 
at the highest 
experimental drop 

heights. The duration of the acceleration interval is experi-
mentally invariant of drop height, consistent with a simple 
magnetic mass-magnetic spring dynamic analysis, and 
equals 1 ms.

Figure 3 shows that prior to impact, the ferrofluid is 
confined to the gap space. Following impact, the ferrofluid 
continues to move downward tending to escape from the 
fixture as a plug. The fluid is subsequently drawn back into 
the gap by the gradient magnetic fringe field. 

Modeled as a damped spring-mass system, the impact 
process establishes a positive acceleration directed from 
the less dense medium (air) toward the denser medium 
(ferrofluid), the requirement for onset of Rayleigh-Taylor 
instability. Peak adverse acceleration tends to occur at the 
moment when the ferrofluid is maximally displaced and 
begins to reverse its velocity. The unstable ferrofluid inter-
face may pinch off into droplets, as seen in experiments.

Figure 4a and Figure 4b illustrate the influence of 
viscosity and gap width on the stability of the ferrofluid 
interface. The vertical axis denotes the value of the growth 

Figure 3: The ferrofluid plug from magnetic gap at impact

a) b)

c) d)

Figure 4: The theoretical and experimental dependence of 
the shock instability on ferrofluid viscosity and gap width. a: 
Predicted viscosity influence b: Predicted gap width influence 
c: Experimental height versus viscosity d: Experimental height 
versus gap.  In c and d, circles denote no splash; squares 
denote splash. 
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factor g. The horizontal axis denotes the value of the 
perturbation wavenumber. The crossover value of stability 
corresponds to g = 0, with k0 the corresponding wave-
number. In the unstable range of wave numbers (k < k0)
a peak value of g corresponds to the wave number km, of 
fastest growth.

Figure 4a shows that, although k0 is invariant with vis-
cosity, increasing the viscosity decreases the growth rate. 
This is beneficial as a sufficiently small growth rate over 
a limited amount of time can prevent a ferrofluid splash 
loss. Figure 4b, shows that a modest reduction of the gap 
width to w = 0.11 cm achieves incipient stability over the 
total range of wavenumbers. This results from generating 
a larger magnetic field gradient at the interface.

Experimental Splash Data
The trends indicated in Figure 4a and Figure 4b

are confirmed by the data of Figure 4c and Figure 4d,
respectively. These figures plot experimental values of 
drop height for splash onset.

Ferrofluid splash is collected on a flat sheet of paper 
located 6.5 mm below the test fixture at impact. When 
splash occurs the ferrofluid emanates from all around the 
gap, at times with a characteristic spacing between radial 
wave crests (see Figure 5).

The Instability Theory
A method for achieving enhanced voice coil centering 

forces was validated experimentally and theoretically with 
a comparison made by filling both gaps, and filling only 
the inner gap, and filling only the outer gap. It was also 
concluded that Rayleigh-Taylor instability is a mechanism 
of ferrofluid splash loss when it occurs. Although the 
experimental spacing of the ejected droplets can at times 
be predicted from the theory, the relationship for onset of 
splashing to drop height is elusive, as the magnitude of 
initial perturbations on the interface is unknown.

However, the instability theory provides clear directional 
guidance for the alleviation or prevention of splashing 
under given circumstances. It can be said that the onset of 
instability predicted by the theory provides a lower bound 
on maximum safe drop height. For a more rigorous scien-
tific treatment of this work, and to view the videos, visit 
www.ferrotec.co.jp/products/magnetism/rd. VC

Figure 5: Splash patterns illustrating aspects of the 
Rayleigh-Taylor instability. a: Crests type splash by initial 
instability of ferrofluid surface. b: Spray type splash by 
secondary instability of ferrofluid surface

a) b)
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Acoustic Patents 
By James Croft

The following loudspeaker-related patents were filed 
primarily under the Office of Patent and Trademarks 

classification 181 for acoustical devices and 381 for electri-
cal-signal processing systems and HO4R for international 
patents. This also includes new patent applications that are 
published in the Patent Application Journal.  

FERROFLUID CENTERED VOICE COIL SPEAKER
Patent Number: US 7,729,504
Inventor: Shiro Tsuda (Asahi, JP), Ronald E. Rosensweig 
(Summit, N.J.)
Assignee: Ferrotec Corporation (Youkaichiba, JP)
Filed: January 30, 2007
Granted: June 1, 2010
US Class: 381/415, 2 Drawings, 10 Claims

REVIEWER COMMENTS 
For over 25 years, ferrofluids have been used to fill mag-

netic air gaps in loudspeakers. Utilized for a wide variety 
of reasons such as damping of the voice coil, heat transfer, 
reduction in harmonic distortion, lubrication, and center-
ing of the voice coil in the air gap, ferrofluids can offer 
performance advantages in many types of electromagnetic 
transducers.

One useful aspect of ferrofluid is its ability to exert a 
radial, or centering force on the voice coil. The magnitude 
of this force depends on the magnetization of the ferrofluid 
and the magnetic flux density in the air gap of the speaker. 
The higher the magnetization and flux density, the greater 
the radial force. The radial force keeps the voice coil prop-
erly aligned as it vibrates in the gap in response to an audio 
signal, without scraping against the pole piece and top plate 
that form the gap.

In a 1980 AES publication by Bottenberg et al., titled 
“The Dependence of Loudspeaker Design Parameters on 
the Properties of Magnetic Fluids,” which was presented 
at the 61st Convention of the Audio Engineering Society, 
Nov. 3-6, 1978, the authors derived a mathematical expres-
sion for the ferrofluid radial force for a 1″ dome tweeter 
having the gaps on both sides of the coil filled with a fer-
rofluid. Many tweeter manufacturers now take advantage 

FIGURE 1: US Patent 7729504.
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of the centering force of ferrofluid by filling the gap on 
both sides of the coil and rendering unnecessary any other 
mechanical centering device, such as a spider.

Unfortunately, particularly in long excursion woofers, 
the use of ferrofluid in the air gap can be problematic. 
The air gap is connected to a cavity between the speaker 
magnet and various components of the magnetic structure. 
Ferrofluid in the air gap acts like an O-ring seal between 
the voice coil and the magnetic structure. The cavity is 
essentially sealed off from the air space in front of the top 
plate. As the voice coil moves or as the temperature rises, 
the air pressure within this cavity tends to be elevated. If the 
pressure builds up to a point where it exceeds the pressure 
capacity of the ferrofluid O-ring seal, the air bursts through 
the seal and relatively large amounts of the ferrofluid may 
then flow out or be blown out of the gap.

Many prior art attempts have been made to use ferro-
fluid to replace the centering spider in woofers, tweeters, 
and midranges. US Pat. No. 5,335,287 to Athanas utilizes 
specially designed vented passages formed in the magnet 
assembly to prevent internal pressure from building up 
and forcing out the ferrofluid. US Pat. No. 4,414,437, 
to Trauernicht, et al. discloses a similar solution adding a 
plurality of vents around the voice coil, allowing it to at 
least equalize the pressure from one side of the voice coil 
gap to the other.

It is the goal of the present invention to provide an 
audio speaker that uses ferrofluid for centering a voice coil 
without the need for equalizing vent openings or the use of 
a mechanical centering device such as a spider while using 
a ferrofluid that has low volatility and lower magnetization 
than previously required for high excursion woofers.

This is achieved by having the magnetic fluid disposed 
in an annular gap only between one side of a voice coil 
and one surface of the annular gap. The magnetic fluid is 
positioned in the space on the side of the voice coil having 
the higher magnetic flux density. Another important aspect 
of the present invention is the requirement to prevent the 
migration of the magnetic fluid from one side of the voice 
coil to the other which is partially achieved by extending 
the length of the voice coil former and moving any venting 
holes in the voice coil former farther from the area where 
the ferrofluid resides.

The magnetic gap may be thought of as having a gap 
portion of greater magnetic field strength that diminishes 
across the gap to a gap portion of reduced magnetic field 
strength. The magnetic fluid will naturally reside in a gap 
portion of higher magnetic field. The magnetic fluid, how-
ever, will migrate to a gap portion of lower magnetic field 
located at the corners of the pole piece that is situated in the 
lower magnetic field unless the gap portions are separated. 
The tubular form of the voice coil of the present invention 
is structured to maintain gap portion separation and pre-
vent magnetic fluid migration.

In a preferred version of the invention, the magnetic 
fluid is placed between the outer surface of the voice coil 
and the inner surface of the annular top plate. This position 
provides a larger centering force than the minimal center-
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ing force provided in audio speakers of the prior art where 
the magnetic fluid is placed on both sides of the voice coil.

The magnetic fluid used in the present invention has a 
magnetization preferably in the range of about 100 to about 
600 Gauss. The choice of magnetization depends on the 
magnetic fluid that is most suited to achieve an adequate 
centering force. For instance, audio speakers with high 
excursion voice coils and low magnetic field require mag-
netic fluids with higher magnetization values. Audio speak-
ers with low excursion voice coils and high magnetic field 
require magnetic fluids with lower magnetization values.

The key aspect of the present invention is that, regardless 
of the speaker design, the magnetic fluid is always added to 
the portion of the magnetic gap on the side of the voice coil 
having the higher magnetic flux density and that the other 
side remains open to relieve pressure. I am unaware of any 
currently successful implementations of ferrofluid to long 
excursion woofers. If this approach can improve matters 
in that regard, it would seem to be quite valuable. The fact 
that the assignee of the invention is a vendor for ferrofluid, 
and ferrofluid applications, would suggest that they would 
probably provide free or low-cost licenses for the technology 
to those that acquire their ferrofluid from Ferrotec.

AUDIO TRANSDUCER
Patent Number: 7,672,472
Inventors: J. Craig Oxford (Nashville, Tenn.), D. Michael 
Shields (St. Paul, Minn.)
Assignee: Iroquois Holding Co. (Nashville, Tenn.)
Filed: January 3, 2006
Granted: March 2, 2010
Current US Class: 381/423, 16 Claims, 7 drawings

Reviewer Comments
This patent appears to be heavily based on Paul Paddock’s 

Linaeum type transducers, for which he has many patents. 
The device seems to be most closely related to Paul’s US Pat. 
No. 6,061,461. The inventors position the ‘461 Paddock 
patent as providing excellent high frequency response and 
dispersion, but it is claimed that at high amplitudes the 
rigidity of the Paddock diaphragms usually fail in unpre-
dictable modes and the result is non-uniform response 
in both amplitude and dispersion. The present invention 
makes use of the propagation of bending waves in a non-

rigid material. In this type of transducer, the properties of 
the diaphragm material are said to be exploited rather than 
becoming design limitations to be overcome.

The transducer includes a rigid base, a pair of flexible, 
curved diaphragms and each diaphragm having a distant 
termination end and a proximate driven end. The curved 
diaphragms form hemi-cylindrical lobes being substan-
tially tangent to one another at their proximal ends and are 
attached to energy absorbent dampers at their distal ends. 
As with the Paddock units, the transducers of this invention 
can be employed in a line source. Some of the transducers 
can be facing forward while others rearward and, in doing 
so, their amplitudes and phases can be adjusted for fine 
tailoring the geometric coverage of acoustic energy radiating 
from the loudspeaker system.

There is reasonable disclosure as to how to reduce the 
invention to practice, and while the performance of the 
architecture may be made to realize very high fidelity, it is 
rather unclear as to what the primary inventive distinction 
is relative to the Paddock designs. Paul is known to have 
dozens of prototypes of various configurations, made from 
a wide variety of materials, and I would not be surprised if 
he has built units very similar to the device disclosed in this 
patent. In any case, this type of transducer can be made to 
perform very well and there is no reason to believe that the 
version disclosed by these inventors would not also perform 
in an excellent manner.

PASSIVE ACOUSTIC RADIATING
Patent Number: US 7,133,533
Inventor: Geoffrey C. Chick (Norfolk, Mass.), Hal P. 
Greenberger (Milford, Mass.), Roman Litovsky (Newton, 
Mass.), Christopher B. Ickler (Sudbury, Mass.), Roger 
Mark (Barrington, R.I.), George Nichols (Dover, Mass.)
Assignee: Bose Corporation (Framingham, Mass.)
Filed: July 21, 2003
Granted: November 7, 2006
US Class: 381/349, 42 Drawings, 7 Claims

REVIEWER COMMENTS 
The loudspeaker invention comprises an acoustic enclo-

sure, having an aperture in the exterior surface. The system 
includes at least a first and second active acoustic transducer, 
which, in some embodiments, each is facing in opposite 
directions. The loudspeaker system also includes a passive 
radiator module, including a closed three-dimensional 
structure defining a cavity with an opening, mounted in 
the aperture to define a cavity in the enclosure, separated 
from the interior volume. The passive radiator module 
includes first and second passive acoustic radiators, each 
having a radiating diaphragm mounted in the module so 
that one of the surfaces faces the cavity; and a baffle struc-
ture in the enclosure, acoustically isolating the first active 
acoustic transducer and the first passive acoustic radiator 
from the second active acoustic transducer and the second 
passive radiator. The passive radiators are parallel to each 
other and facing in opposite directions, both with acoustic 
outputs feeding into the center of the enclosures with at FIGURE 2: Patent Number 7672472.
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Abstract
This work validates a method for increasing the radial restoring force on the voice coil in audio
speakers containing ferrofluid. In addition, a study is made of factors influencing splash loss of
the ferrofluid due to shock. Ferrohydrodynamic analysis is employed throughout to model
behavior, and predictions are compared to experimental data.

1. Introduction

The use of ferrofluid in audio speakers and the benefits
achieved including voice coil cooling and centering are well
known [1, 2]. This work examines a proposal for enhancing
the centering force by filling just the one gap between the voice
coil and the inner pole piece. Experimental limits on the drop
height at which fluid loss onsets by splashing is also studied to
determine means for increasing ruggedness. Increased shock
resistance holds interest also for the use of ferrofluids in seals,
instruments, motors, and other devices.

2. Analysis of voice coil centering

SI units are employed throughout unless otherwise noted.
The unperturbed geometry of the pole/voice-coil/pole

structure of an audio speaker is modeled as three concentric
cylinders with the magnetic field radiating symmetrically from
the inner pole to the outer one; see figure 1. From Gauss’s law
the distribution of the induction field magnitude B is given by
B R = B0 R0 where R is the radial distance from the center,
R0 the radius of the inner pole piece, and B0 the induction at
R = R0. The defining equation is B = μ0 H + M expressed in
a modified form such that M carries units of teslas. In the usual
high field of an audio gap the magnetization is approximated
as saturated, M = Ms. Thus, magnetic field in the ferrofluid is
distributed according to μ0 H = B0 R0/R − Ms.

The net magnitude of force Fi on the inner surface of the
voice coil having wetted length L when its center undergoes a
small displacement is given by

Fi =
∫ 2π

0
p(θ)cos(θ)Ri L dθ. (1)

Figure 1. Geometry for deriving radial distance R(θ) from the center
of the inner pole piece having radius R0 to a point at a position on the
voice coil having inner radius Ri.

Pressure p(θ) in a stationary volume of ferrofluid is related
to the magnetic field via the ferrohydrodynamic Bernoulli
equation [3] with velocity absent and gravity force negligible:

p(θ) − p0 =
∫ H (θ)

H0

M dH (2)

p0 is pressure at the inner pole surface where the field
magnitude is H0. For the highly saturated ferrofluid,
equations (2) integrates approximately to p(θ) − p0 =
Ms[H (θ) − H0]. Substituting for p(θ) in equation (1) and
making the approximation that displacement of the voice coil
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Figure 2. Left: comparative displacements of the voice coil in response to a radial force with the fill fraction of 1. The dashed line is the initial
slope for a filled inner gap predicted from equation (4). Right: calculated location of ferrofluid interfaces for a fill fraction of 1 in the gaps.

has a small effect on the distribution of the field yields

Fi = B0Ms R0 Ri L

μ0

∫ 2π

0

cosθ

R (θ)
dθ. (3)

From geometry, the distance R(θ) is given by R(θ) =
Ri[(δ/Ri)

2 + 2(δ/Ri)cosθ + 1]1/2. For small displacements,
R(θ) expands to give R(θ) ≈ Ri[1 − (δ/Ri) cos θ ]−1.
Substituting this expression into equation (3) and integrating
yields the final result for the spring constant Ki = Fi/δ:

Ki = −π B0Ms L

μ0 Ri
R0 (4)

Ki is the contribution to the spring constant due to the ferrofluid
pressure force exerted on the inner surface of the displaced
voice coil. The minus sign indicates that this contribution to
the spring force is restorative.

If only the outer gap is filled with ferrofluid a similar
treatment yields the spring constant contribution Ko due to
forces exerted on the outer surface of a thin voice coil having
thickness t :

Ko = π B0 Ms L

μ0(Ri + t)
R0. (5)

The sign in this case is positive, as the pressure forces at any
location are oppositely directed to those acting on the inner
surface. The net spring constant when both gaps are filled
with ferrofluid is given by K = Ki + Ko. Substituting from
equations (4), and (5) and assuming t � Ri , yields

K = −π Ms H0L

Ri
t . (6)

It can be seen that K provides a net restoring force. Aside
from a small difference in the constant factor this relationship
recovers the result of Bottenberg [2] and the ratio of spring
constants is given by

Ki

K
= R0

t
. (7)

Always R0 � t , so it is seen that the restoring force with
ferrofluid present only in the inner gap is predicted to be greatly
enhanced compared to that for filling both the inner and the
outer gap [4].

3. Measurements of voice coil centering

An apparatus was devised to measure radial force versus
displacement; the results are shown in figure 2. The apparatus
in these tests contained a central magnet inside a U-shaped
permeable piece. Parameter values are (APG 836 ferrofluid):
Ms = 0.022 T, B0 = 0.9 T, Ri = 12.75 mm, R0 =
12.25 mm, L = 0.0022 m. From equation (4) the predicted
spring constant with only the inner gap filled is K ′ = 1.16 ×
10−2 g μm−1. Figure 2 with fill ratio f = 1 shows the
prediction for the initial slope compared to experiment. The
voice coil thickness was t = 0.3 mm, so from equation (7)
the ratio Ki/K = 408. The measured ratio is much smaller
but significant. The variance is believed to be due to nonideal
distribution of the field.

Tests in which only the outer gap was filled with ferrofluid
resulted in spontaneous anti-centering of the voice coil,
bringing it into contact with the outer wall in agreement with
theory.

4. Description of the splashing phenomenon

A shock test apparatus is used in these studies in which a
fixture is dropped from a known height, slides down vertical
rails and impacts face down on a hard surface. The fixture
contains a magnetic circuit having an annular gap that is filled
with ferrofluid. The acceleration at impact is measured and
the free surface of the ferrofluid photographed with a high
speed video camera (9000 frames s−1). Acceleration peaks are
as high as 1000 g at the highest experimental drop heights.
The duration of the acceleration interval is experimentally
invariant of drop height, consistent with a simple magnetic
mass–magnetic spring dynamic analysis and equals 1 ms.

From the videos it is seen that prior to impact the ferrofluid
is confined to the gap space. Following impact the ferrofluid
continues to move downward tending to escape from the fixture
as a plug. The fluid is subsequently drawn back into the
gap by the gradient magnetic fringe field. Modeled as a
damped spring–mass system, the impact process establishes a

2
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Figure 3. Theoretical and experimental dependences of the shock instability on the ferrofluid viscosity and gap width. H = 50 cm in the
Rayleigh–Taylor computations. See the text for other reference parameter values. (a) Predicted viscosity influence. (b) Predicted gap width
influence. (c) Experimental height versus viscosity. (d) Experimental height versus viscosity. In (c) and (d) circles denote no splash; squares
denote splash.

positive acceleration directed from the less dense medium (air)
towards the more dense medium (ferrofluid), the requirement
for onset of usual Rayleigh–Taylor instability [5]. Peak adverse
acceleration tends to occur at the moment when the ferrofluid
is maximally displaced and begins to reverse its velocity. The
unstable ferrofluid interface may subsequently pinch off into
droplets as seen in experiments [6].

5. Rayleigh–Taylor instability analysis

The analysis can define conditions for the initial growth
rate of surface perturbations. The dispersion relationship
for dependence of the growth factor γ on perturbation
wavenumber k is formulated as

γ 2 + 2
k2μ

ρ
γ − ak

coth(kL)

(
1 − k2

k2
0

− N

)
= 0 (8)

with the growth factor γ defined by

z = ẑ0 Re
[
exp(γ t) cos(ks)

]
(9)

where Re denotes real part, ẑ0 is the amplitude of the
interfacial perturbation, t time, s distance along the mean
gap perimeter, σ interfacial tension, a acceleration, L layer
thickness, μ coefficient of viscosity, ρ mass density, k0 =
(ρa/σ)1/2 the Taylor wavenumber, σ the interfacial tension,
N = (M/ρa) dH/dz ≈ M Hm/ρaw the ratio of magnetic
to accelerative body force, and Hm the maximum field in the
gap of width w. The viscous term of equation (8) is that
of Mikaelian [7]4, while the gradient field term of N was
proposed by Zelazo and Melcher [8]. A positive value of γ

represents instability, i.e., deviations from a flat interface grow
with time.
4 Note that the second line above equation (24) omits the factor 2 of the
term X2Y ; the corrected equation (24) results in much closer agreement of
the approximate result with the analytic result in figure 2.
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Figure 4. Splash patterns illustrating aspects of the Rayleigh–Taylor instability. (a) Peak acceleration 640 g; time on shelf: four days at fill
fraction 1.2; wave crests are evident. (b) Peak acceleration 704 g; tested at time of filling with fill fraction 1.0; only tiny drops are seen.

Reference physical data corresponding to ferrofluid APG810
Viscosity coefficient: 100 m Pa s (100 cP)
Mass density: 940 kg m−3 (0.940 g cm−3)
Surface tension: 0.032 N m−1 (32 dyn cm−1)
Saturation magnetization: 0.011 T (ferric induction, B − H =
110 G).
Reference system parameters
Drop height: 0.50 m (50 cm)
Magnetic field in gap: 477 500 A m−1 (6000 Oe)
Gap width: 0.0016 m (0.16 cm)
Gap length: 0.0022 m (0.22 cm)
Gap outer circumference: 0.099 m (9.9 cm)
Fill fraction: 1.

Figure 2 on the right illustrates computed locations of
ferrofluid boundaries with f = 1. It can be seen that end
effects are significant for the short wetted length of the voice
coil and hence may affect the accuracy of the predictions.

Figures 3(a) and (b) illustrate the influence of viscosity
and gap width on the stability of the ferrofluid interface.
The vertical axis denotes the value of the growth factor γ ,
and the horizontal axis denotes the value of the perturbation
wavenumber. The crossover value of stability corresponds to
γ = 0, with k0 the corresponding wavenumber. In the unstable
range of wavenumbers (k < k0) a peak value of γ corresponds
to the wavenumber km of fastest growth.

In figure 3(a) it can be seen that although k0 is invariant
with viscosity, increasing the viscosity decreases the growth
rate. This is beneficial as a sufficiently small growth rate
over a limited amount of time can prevent a splash loss of
the ferrofluid. From figure 3(b), it is seen that a modest
reduction of the gap width to w = 0.11 cm achieves incipient
stability over the total range of wavenumbers. This results from
generating a larger magnetic field gradient at the interface.

6. Experimental splash data

The trends indicated in figures 3(a) and (b) are confirmed by
the data of figures 3(c) and (d), respectively. These figures plot
experimental values of the drop height for the onset of splash.
In figure 3(b) the acceleration is assumed constant throughout
at a = 500 cm s−2.

Ferrofluid splash is collected on a flat sheet of paper
located 6.5 mm below the test fixture at impact; see figure 4.
When splash occurs, the ferrofluid emanates from all around
the gap, at times with a characteristic spacing between radial
wave crests; see figure 4(a). This test was made four days after
the ferrofluid was injected. By definition, the wavelength λ of
the Rayleigh–Taylor instability is related to the wavenumber
by λ = 2π/k. The wavelength of maximum growth for the
reference case is 0.32 cm, corresponding to k = kpeak =
19.5 radian cm−1. The splash pattern has ∼48 peaks around
the periphery of radius R0 = 12.25 cm, yielding λ ∼ 0.16 cm.
Thus, the predicted and observed wavelengths are in the same
league. In figure 4(b) it appears that the initial instability
producing wave crests as in figure 4(a) subsequently underwent
secondary instability resulting in the production of a spray.

7. Conclusion

A method for achieving enhanced voice coil centering
forces was validated experimentally and theoretically with
comparisons made of filling both gaps, filling only the inner
gap, and filling only the outer gap. It was also concluded
that Rayleigh–Taylor instability in the gradient magnetic field
is the mechanism of ferrofluid splash loss when it occurs.
Although the experimental spacing of the ejected droplets
can at times be predicted from the theory, the relationship
for onset of splashing to drop height is elusive, as the
magnitude of initial perturbations on the interface is unknown.
However, the instability theory provides clear directional
guidance for the alleviation or prevention of splashing under
given circumstances. It can be said that the onset of instability
predicted by the theory provides a lower bound on maximum
safe drop height.
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1 
FERROFLUID CENTERED VOICE COIL 

SPEAKER 

This application claims the benefit of u.s. Provisional 
Patent Application No. 601766,831, filed Feb. 14, 2006. 

BACKGROUND OF THE INV ENTION 

1. Field of the Invention 
The present invention relates to audio speakers. Particu- 10 

larly, the present invention relates to audio speakers that uti-
1ize liquid suspension mechanisms for the voice coils incor
porated into audio speakers. 

2. Description of the Prior Art 

2 
between the voice coil and the magnetic structure. The cavity 
is essentially sealed off from the air space in front of the front 
plate. As the voice coil moves or as the temperature rises, it 
tends to elevate the air pressure within this cavity. If the 
pressure builds up to a point where it exceeds the pressure 
capacity of the ferrofluid O-ring seal, the air bursts through 
the seal and relatively large amounts of the ferro fluid may 
then be blown or flow out of the gap. One solution to this 
problem was addressed by U.S. Pat. No. 5,335,287. 

U.S. Pat. No. 5,335,287 (1994, Athanas) discloses a loud-
speaker with a viscous magnetic fluid suspension for the 
voice coil rather than the corrugated disk suspension that is 
conventionally used. Specially designed vent passages are 
formed in the magnet assembly in order to prevent internal 

Audio speakers produce audible sounds by displacing air 
by way of the movement of a diaphragm. The diaphragm is 
attached to and moves under the control of a voice coil, 
through which electric currents associated with the sounds to 
be reproduced are driven. The voice coil is disposed in an 
aunular air gap of a magnetic structure. The magnetic struc
ture includes a permanent magnet that provides radial flux in 
the air gap. Current through the coil interacts with this radial 
flux to provide axial forces on the coil and causes displace
ment of the coil and the attached diaphragm. 

15 pressure from either building up or creating sub-atmospheric 
conditions that could cause the magnetic fluid to be blown out 
of the magnetic gap. The patent also discloses that the 
mechanical centering device can be eliminated even in more 
demanding high excursion woofers by utilizing ferrofluids of 

20 high magnetization values such as 600-800 Gauss filling the 
gap on both sides of the voice coil. 

Other problems that arise when using ferrofluid in the air 
gap around the voice coil involve equalization of the amount 
of ferro fluid on both sides of the voice coil (because filing the 

The aligmnent of the voice coil in the air gap is crucial to 
the performance of an audio speaker. Any scraping of the 
voice coil against the sides of the air gap causes humming and 
distortion, which affects sound quality. Additionally, scraping 
creates undesirable stresses on the suspension system as well 

25 entire gap can be problematic) and equalization of the air 
pressure under the dust cap of the voice coil. To address these 
problems, a plurality of vent openings were incorporated in 
the voice coil adjacent the dome end of the voice coil such as 
is disclosed in U.S. Pat. No. 4,414,437. 

U.S. Pat. No. 4,414,437 (1983, Trauernicht et al.) discloses 
a moving coil dynamic transducer. The electromagnetic 
transducer (voice coil) includes a member producing a mag
netic field and presenting an air gap traversed by the magnetic 
field, a mass of magnetic fluid extending across the air gap, 

as removal of the insulation from the coil windings. This leads 30 

to early speaker failure. Speaker manufacturers commonly 
employ a flexible, fibrous element called a spider to align the 
voice coil in the air gap. The inclusion of a spider requires 
additional space in the speaker, which is not available in audio 
speakers such as tweeters and very small full range speakers. 35 and a moving coil mounted on a moving coil carrier supported 

for movement through the air gap. The moving coil carrier is 
provided with at least one passage located to communicate 
with the magnetic liquid during at least part of the movement 
of the coil carrier through the air gap. The passage permits 

For over 25 years, air gaps in some audio speakers have 
been filled with magnetic fluids (also called ferrofluids). 
These ferro fluids offer significant performance advantages in 
tweeters, midrangers, woofers, compression drivers, and 
automotive speakers. Ferrofluids are used for a wide variety 
of reasons such as damping of the voice coil, heat transfer, 
reduction in harmonic distortion, lubrication, and centering 

40 flow of magnetic liquid from one side to the other of the 
carrier in the direction of the air gap. This provides an equal
ization of the magnetic liquid on each side of the voice coil. 

of the voice coil in the air gap. Therefore, what is needed is an audio speaker that uses 
ferro fluid for centering a voice coil without the need for A unique aspect of ferro fluid is its ability to exert a radial 

force on the voice coil, which has come to be known as the 
centering force. The magnitude of this force depends on the 
magnetization of the ferrofluid and the magnetic flux density 

45 ferrofluid equalizing vent openings. What is also needed is an 
audio speaker that uses ferrofluid for centering a voice coil 
without the need for ferro fluid equalizing vent openings or the 
use of a spider. in the air gap of the speaker. The higher the magnetization and 

flux density, the greater the radial force. The radial force 
keeps the voice coil properly aligned as it vibrates in the gap 50 

in response to an audio signal without scraping against the 
metal pieces, e.g. pole piece and front plate, forming the gap. 

In a 1980 AES publication by Bottenberg et aI., titled "The 
Dependence of Loudspeaker Design Parameters on the Prop
erties of Magnetic Fluids," which was presented at the 61 st 

55 

Convention of the Audio Engineering Society, Nov. 3-6, 
1978, the authors derived a mathematical expression for the 
ferro fluid radial force for a 1 inch dome tweeter having the 
gap on both sides of the coil filled with a ferrofluid. Many 
tweeter manufacturers now take advantage of the centering 60 

force of ferrofluid by filling the gap on both sides of the coil 
and thus requiring no mechanical centering device, i.e. a 
spider. 

Unfortunately, the use of ferrofluid in the air gap causes 
other problems. The air gap is connected to a cavity between 65 

the speaker magnet and various components of the magnetic 
structure. Ferrofluid in the air gap acts like an O-ring seal 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an audio 
speaker that uses ferro fluid for centering a voice coil without 
the need for ferrofluid equalizing vent openings. It is another 
object of the present invention to provide an audio speaker 
that uses ferro fluid for centering a voice coil without the need 
for ferro fluid equalizing vent openings or the use of a 
mechanical centering device such as a spider. It is a further 
object of the present invention to provide an audio speaker 
that uses a ferro fluid for centering a voice coil having low 
volatility and lower magnetization than previously required 
for high excursion woofers. 

The present invention achieves these and other objectives 
by providing an audio speaker with a driver unit, a vibration 
system and magnetic fluid disposed in an annular gap only 
between one side of a voice coil and a surface of the annular 
gap. The driver unit includes a support frame with a central 

Owner
Highlight
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portion fonning a magnetic structnre with an annular gap 
around a central magnetic post. The vibration system has a 
diaphragm and a voice coil. The voice coil is attached to one 
side of the diaphragm and movably mounted within the aunu
lar gap. The diaphragm is flexibly connected on its periphery 
to the support frame. The voice coil includes a tubular fonn 
with an electrical winding on the outer surface of the tubular 
form. The electrical winding is preferably axially centered in 
the annular gap. 

The major featnres of the present invention are the place
ment of magnetic fluid on only one side of the voice coil to 
create a centering force to keep the voice coil centered in the 
annular gap and the lack of the requirement for a mechanical 
centering device such as a spider. The magnetic fluid is posi
tioned in the space on the side of the voice coil having the 
higher magnetic flux density. Another important aspect of the 
present invention is the requirement to prevent the migration 
of the magnetic fluid from one side of the voice coil to the 
other. 

It should be noted that the magnetic gap or air gap may be 
thought of as having a gap portion of higher magnetic field 
that diminishes in strength across the gap to a gap portion of 
lower magnetic field. Magnetic fluid will natnrally reside in a 
gap portion of higher magnetic field. The magnetic fluid, 
however, will migrate to a gap portion of lower magnetic field 
located at the comers of the pole piece that is sitnated in the 
lower magnetic field unless the gap portions are separated. 
The tubular fonn of the voice coil of the present invention is 
structnred to maintain gap portion separation and prevent 
magnetic fluid migration. 

In one embodiment, the magnetic structnre of the driver 
unit is an assembly that includes a base plate with a central 
magnetic post, an annular pennanent magnet and an annular 
top plate. The annular pennanent magnet is sandwiched 
between the base plate and the annular top plate. The base 
plate and the central magnetic post may be made from a single 
piece of magnetic material or may be two or more pieces 
integrally joined together to fonn an inverted, T-shaped pole 
piece. The annular pennanent magnet is axially polarized 
where one face of the magnet has one polarity and the other 
face has the opposite polarity. 

The central magnetic post extends from the base plate 
through the central space fonned within the annular magnet 
and the annular top plate forming a centrally located pole 
piece. The base plate, annular top plate and the central mag
netic post are fonned of a magnetizable material and together 
with the annular permanent magnet define a magnetic circuit 
having an annular gap. With the voice coil placed in position 
within the annular gap, the space between the outer surface of 
the voice coil and the inner surface of the annular top plate has 
a higher magnetic flux density than the space between the 
inner surface of the voice coil and the outer surface of the 
central magnetic post. 

4 
tral magnetic post is axially polarized where one face of the 
magnet has one polarity and the other face has the opposite 
polarity. The magnetic housing and the top pole piece are 
formed of a magnetizable material. The magnetic housing 
and central magnetic post define the magnetic circuit having 
an annular gap between the outer surface of the top pole piece 
and the inner surface of the cylindrical wall. 

With the voice coil placed in position within the annular 
gap, the space between the inner surface of the voice coil and 

10 the outer surface of the top pole piece of the central magnetic 
post has a higher magnetic flux density than the space 
between the outer surface of the voice coil and the inner 
surface of the cylindrical wall of the magnetic structnre. This 
is due to the pennanent magnet being part of the central 

15 magnetic post. In this embodiment of the present invention, 
the magnetic fluid is placed between the inner surface of the 
voice coil and the outer surface of the central magnetic post. 

The magnetic fluid used in the present invention has a 
magnetization preferably in the range of about 100 to about 

20 600 Gauss. The choice of magnetization is dependent on the 
magnetic fluid that is most suited to achieve an adequate 
centering force. For instance, audio speakers with high excur
sion voice coils and low magnetic field require magnetic 
fluids with higher magnetization values. Audio speakers with 

25 low excursion voice coils and high magnetic field require 
magnetic fluids with lower magnetization values. 

It is also important that the magnetic fluid, once positioned 
in the space on the side of the voice coil having the greater 
magnetic flux density, is prevented from migrating to the 

30 other side of the voice coil. One way to prevent magnetic fluid 
migration is to lengthen the tnbular form that makes up the 
voice coil. The length of the tnbular form should be sufficient 
so that the magnetic fluid cannot migrate around the end of the 
voice coil during the voice coil's greatest excursion as it 

35 oscillates. In addition, where vent openings are incorporated 
through the wall of the tnbular form to equalize air pressure, 
the vent openings must be positioned so that the magnetic 
fluid does not contact the edge of the vent openings during the 
voice coil's greatest excursion as it oscillates. Allowing the 

40 magnetic fluid to migrate through the vent openings would 
also defeat the advantage of maximum centering force pro
vided by the present invention. 

It should be understood that the advantages of the present 
invention can be successfully incorporated in other speaker 

45 embodiments with magnetic air gaps. One example is an 
embodiment having a radially polarized magnet where an 
outer radial surface of the magnet has one polarity and the 
inner radial surface has the opposite polarity. The key aspect 
of the present invention is that, regardless of the speaker 

50 design, the magnetic fluid is always added to the portion of the 
magnetic gap on the side of the voice coil having the higher 
magnetic flux density. 

In this embodiment of the present invention, the magnetic 
fluid is placed between the outer surface of the voice coil and 55 

the inner surface of the annular top plate. This position pro
vides a larger centering force than the minimal centering 
force provided in audio speakers of the prior art where the 
magnetic fluid is placed on both sides of the voice coil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified, cross-sectional view of one embodi
ment of the present invention showing an audio speaker with 
an annular magnet. 

FIG. 2 is a simplified, cross-sectional view of another 
embodiment of the present invention showing an audio 
speaker with a magnet incorporated into the central post of the 
driver unit. 

In another embodiment of the present invention, the mag- 60 

netic structure of the audio speaker includes a magnetic hous
ing preferably with a cylindrical wall and a bottom. The 
central magnetic post extends from the bottom through the 
central space fonned by the cylindrical wall of the magnetic 
housing forming a centrally-located pole piece that includes a 65 

permanent magnet and a top pole piece. Like the magnet in 
the previous embodiment, the pennanent magnet in the cen-

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The preferred embodiment of the present invention is illus
trated in FIGS. 1-2. FIG. 1 shows a simplified cross-section of 
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one embodiment of an audio speaker 10. Audio speaker 10 
includes a driver unit 20, a vibration system 60 and magnetic 
fluid 80. Driver unit 20 includes a support frame 22 and a 
central portion 24. Central portion 24 includes a magnetic 
structure 26 defining an annular gap 28 around a central 
magnetic post 40. 

In this embodiment, magnetic structure 26 is an assembly 
having a base plate 30 with the central magnetic post 40, an 
annular pennanent magnet 32 and an annular top plate 34. 
Base plate 30 and central magnetic post 40 may be made from 
a single piece of magnetic material or may be two or more 
pieces integrally joined. Annular pennanent magnet 32 is 
axially polarized where one face of magnet 32 has one polar-
ity and the other face of magnet 32 has the opposite polarity. 
Magnet 32 is sandwiched between base plate 30 and annular 
top plate 34. 

Central magnetic post 40 extends from base plate 30 
through the central space formed within annular magnet 32 
and annular top plate 34 to form a centrally located pole piece. 
Base plate 30, annular top plate 34 and post 40 are formed of 
a magnetizable material and together with annular magnet 32 
define a magnetic circuit having an annular gap 28 between a 
side surface 42 of post 40 and an inner edge 35 of annular top 
plate 34. 

6 
Conventional tubular forms are made from a flat piece of 

material fonned into a cylindrical shape having a longitudinal 
split between the opposing sides of the material. In addition, 
some conventional tubular fonns include vent openings 
through the tubular form to allow equalization of air pressure 
and/or equalization of magnetic fluid located on both sides of 
the voice coil. 

In the present invention, the tubular fonn 66 must be either 
a solid-walled tube or the longitudinal split must be covered 

10 with a material that will seal the split to effectively fonn a 
solid surface so as to prevent magnetic fluid 80 from migrat
ing since it must be retained on only one side of voice coil 64. 
In addition, the tubular fonn 66 of the present invention must 
be long enough to prevent any accidental migration of mag-

15 netic fluid 80 from one side of voice coil 64 to the other during 
oscillation of voice coil 64. Vent openings may be used in the 
present invention, however, the vent openings must be posi
tioned a sufficient distance from the magnetic fluid 80 so that 
magnetic fluid 80 will not reach the edge of the vent openings 

20 during the greatest oscillations of voice coil 64. Allowing 
magnetic fluid 80 to migrate through the vent openings will 
defeat the advantages of the present invention. 

Turning now to FIG. 2, there is illustrated another embodi
ment of the present invention. In this embodiment, audio 

25 speaker 100 includes a driver unit 120, a vibration system 160 
and magnetic fluid 180. Driver unit 120 includes a support 
frame portion (not shown) and a magnetic structure 126 
defining an annular gap 138 around a central magnetic post 
140. 

Vibration system 60 includes a diaphragm 62 and a voice 
coil 64. Voice coil 64 includes a tubular fonn 66 and an 
electrical winding 70 wound on an outer surface 67 of tubular 
form 66. Voice coil 64 is connected to diaphragm 62 at a 
proximal end 65a while a distal end 65b surrounds central 
magnetic post 40. Electrical winding 70 is preferably axially 

30 

centered in annular gap 28. Winding 70 is shown in its de
energized state. When an A.c. signal is applied to electrical 
winding 70, the voice coil 64 will oscillate axially in both 
directions from the neutral position. 

In this embodiment, magnetic structure 126 is an assembly 
having a magnetic housing 127 preferably with a cylindrical 
wall 128 and a bottom 132. Central magnetic post 140 
includes a pennanent magnet 142 and a pole piece 144 on top 
of permanent magnet 142. Like its counterpart in FIG. 1, 

35 permanent magnet 142 is axially polarized where one face of 
magnet 142 has one polarity and the other face of magnet 142 
has the opposite polarity. Central magnetic post 140 extends 
from bottom 132 through the central space formed by cylin
drical wall 128 to form a centrally-located pole piece. Mag-

A major feature of the present invention is the disposition 
of viscous magnetic fluid 80 in the annular gap 28 on only one 
side of voice coil 64. Magnetic fluid 80 has a magnetization in 
the range of about 100 to about 600 Gauss, preferably, in the 
range of about 200 to about 500 Gauss, and, more preferably, 
in the range of about 300 to about 400 Gauss. In the embodi
ment shown in FIG. 1, magnetic fluid 80 is disposed between 
the outer surface 67 of voice coil 64 and the inner edge 35 of 
annular top plate 34. In the alternative, magnetic fluid 80 may 

40 netic housing 127 and pole piece 144 are made of magnetiz
able material and, together with magnet 142, define a 
magnetic circuit having an annular gap 138 between outer 
surface 145 of pole piece 144 and an inner surface 129 of 

be disposed between the inner surface 68 of voice coil 64 and 45 
the outer surface 42 of magnetic post 40. However, the space 
between outer surface 67 and inner edge 35 of annular top 
plate 34 in this embodiment has a higher magnetic flux den
sity than the annular gap space between the inner surface 68 

cylindrical wall 128. 
Vibration system 160 includes a diaphragm 161, a dust cap 

162 and a voice coil 164. Voice coil 164 includes a tubular 
form 166 and a coil winding 170 wound on the outer surface 
167 of tubular form 166. In this embodiment, magnetic fluid 
180 is disposed between the outer surface 145 of pole piece 

of tubular form 66 and side surface 42 of magnetic post 40. 
50 144 and the inner surface 168 of voice coil 164. The space 

between the outer surface 145 of pole piece 144 and the inner 
surface 168 of voice coil 164 is the side of voice coil 164 with 
the higher magnetic flux density. This is so because the per-

The inventors' have discovered that placement of magnetic 
fluid 80 on only one side of voice coil 64 having the higher 
magnetic flux density provides a greater centering force on 
voice coil 64 than in audio speakers that use magnetic fluid on 
both sides of the voice coil for centering the voice coil. In fact 55 
in audio speakers that use magnetic fluid on both sides of the 
voice coil, the magnetic fluid provides minimal centering 
force. Further, placing the magnetic fluid on only the side of 
voice coil 64 having the lower magnetic flux density provides 

manent magnet 142 forms a portion of central magnetic post 
140. The annular gap space between the outer surface 167 of 
tubular form 166 and inner surface 129 of cylindrical wall 128 
has lower magnetic flux density. 

The present invention is applicable to all types of audio 
speakers such as tweeters, midranges, woofers, full ranges, 

no apparent centering force. 60 etc. The magnetic field in the air gap as well as voice coil 
excursion (i.e. the total oscillation distance of the voice coil) 
differs from one speaker type to another. It was found that 
magnetic fluids having a magnetization in the range of about 
100 to about 600 Gauss will be most suited to achieve an 

Another feature of the present invention is that magnetic 
fluid 80 not be allowed to migrate from the higher magnetic 
flux density side of the voice coil 64 to the lower magnetic 
flux density side of voice coil 64. Thus, the tubular fonn 66 of 
voice coil 64 must be configured with a material and structure 65 

that prevents the magnetic fluid from getting to the lower 
magnetic flux density side. 

adequate centering force. As a general rule, audio speakers 
with high excursion voice coils and low magnetic field 
require magnetic fluids with higher magnetization values, i.e. 
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magnetization values in the upper portion of the indicated 
range. Audio speakers with low excursion and high magnetic 
field require magnetic fluids with lower magnetization val
ues, i.e. magnetization values in the lower portion of the 
indicated range. 

Although the preferred embodiments of the present inven
tion have been described herein, the above description is 
merely illustrative. Further modification of the invention 
herein disclosed will occur to those skilled in the respective 
arts and all such modifications are deemed to be within the 10 

scope of the invention as defined by the appended claims. 

8 
3. The audio speaker of claim 2 wherein said magnetic fluid 

has a magnetization in the range of about 200 to about 500 
Gauss. 

4. The audio speaker of claim 3 wherein said magnetic fluid 
has a magnetization in the range of about 300 to about 400 
Gauss. 

5. The audio speaker of claim 1 wherein said magnetic fluid 
has a higher magnetization when said audio speaker has a 
voice coil with higher excursion and lower magnetic field. 

6. The audio speaker of claim 1 wherein said magnetic fluid 
has a lower magnetization when said audio speaker has a 
voice coil with lower excursion and higher magnetic field. 

What is claimed is: 

1. An audio speaker comprising: 

a driver unit having a support frame with a central portion 
forming a magnetic structure defining an annular gap 
around a central magnetic post; 

7. The audio speaker of claim 1 wherein said voice coil has 
a tubular form of sufficient length to prevent the migration of 

15 said magnetic fluid at a distal end of said voice coil from said 
one side of said voice coil to a second side of said voice coil. 

8. The audio speaker of claim 7 wherein said tubular form 
of said voice coil has a solid surface. a vibration system having a diaphragm and a voice coil, 

said voice coil attached to one side of said diaphragm 
wherein said vibration system is fixed to said support 20 

frame and wherein said voice coil is movably mounted 
in said aunular gap; and 

a magnetic fluid disposed in said aunular gap only in a 
space between one side of said voice coil and a surface of 
said annular gap having a higher magnetic flux density. 25 

2. The audio speaker of claim 1 wherein said magnetic fluid 
has a magnetization in the range of about 100 to about 600 
Gauss. 

9. The audio speaker of claim 1 wherein said one side of 
said voice coil is between an outside surface of said voice coil 
and a radial inside surface of said magnetic structure when an 
annular magnet defines a portion of a wall of said magnetic 
structure. 

10. The audio speaker of claim 1 wherein said one side of 
said voice coil is between an inside surface of said voice coil 
and said central magnetic post when a permanent magnet 
defines a portion of said central magnetic post. 

* * * * * 
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[57] ABSTRACI' 

In an electromagneti� transducer including a member 
producing a magnetic field and presenting an air gap 
traversed by the field, Ii mass of magnetic liquid extend
ing across the air gap, and a moving coil mounted on a 
moving coil carrier supported for movement through 
the air gap, the carrier is provided with at least one 
passage located to communicate with the magnetic 
liquid during at least part of the movement of the cdl 
carrier through the air gap for permitting flow of mag
netic liquid from one side to the other of the carrier in 
the direction of the ai� gap. 

7 Claims, 3 Drawing Figures 
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2 
enclose carrier 9 and are covered with a smooth foil 7. 

MOVING COIL DYNAMIC TRANSDUCER The magnetic fluid 4 thus does not contact the moving 
coil windings 8, but rather the smooth foil 7. The foil 7 

BACKGROUND OF THE INVENTION is glued to the moving coil windings 8, the annular 
The present invention relates to electromagnetic 5 cavity remaining between the foil 7 and the carrier 9 

transducers of the type including a member producing a being filled, for example, with the adhesive. 
magnetic field and presenting an air gap traversed by FIGS. 2 and 3 show other ways of providing a 
the field, a mass of magnetic liquid extending across the smooth surface for the surface of the moving coil. The 
air gap, and a moving coil mounted on a moving coil moving coil winding 10 of FIG. 2 is formed by winding 
carrier supported for movement through the air gap. 10 onto the moving coil carrier 9 of a wire having a rectan-

There are known dynamic transducers, specifically gular cross section. In FIG. 3, the surface of the moving 
loudspeakers as disclosed in German Offenlegungss- coil windings 11 is smoothed by a lacquer coating 12. 
chrift [Laid-open application] No. 2740 661.7 in which The grooves between the individual wire windings of 
the area of the magnetic pole element in which the the moving coil 11 are filled with the lacquer material. 
moving coil of the dynamic system moves, an area usu- 15 The moving coil carrier 9 of FIGS. 1 to 3 is provided 
ally called the "air gap", is filled with fluid on both with a passage 13, 14, or 15, respectively, outside of the 
sides. With the aid of a dosaging, or metering device, region occupied by the windings of the moving coil. In 
the magnetic fluid is introduced separately into the FIG. 1, the passage 13 is disposed in a region of the 
inner and outer air gap regions. The magnetic fluid is moving coil unit 7, 8, 9 which, during normal operation, 
retained in the air gap by the permanent magnetic field 20 will be immersed in the fluid 4 during a pulling move-
of the magnetic pole element. ment of the moving coil. Thus during operation there 

SUMMARY OF THE INVENTION occurs an equalization of the quantities of liquid be

It is an object of the present invention to simplify 
introduction of magnetic fluid into a transducer of the 25 
above described type. 

The above and other objects are achieved, according 
to the invention, in an electromagnetic transducer in
cluding means producing a magnetic field and present
ing an air gap traversed by the field, a mass of magnetic 30 
liquid extending across the air gap, and a moving coil 
mounted on a moving coil carrier supported for move
ment through the air gap, by providing the carrier with 
at least one passage located to communicate with the 
magnetic liquid during at least part of the movement of 35 
the coil carrier tprough the air gap for permitting flow 
of magnetic liquid from one side to the other of the 
carrier in the direction of the air gap. 

It has already been proposed, as disclosed, for exam
ple, in German Auslegeschrift [Published application] 40 
No. 2,900,427, to provide perforations in the moving 
coil of a transducer system whose air gap is filled with 
a magnetic fluid. However, these perforations lie out
side the area which can come into contact with the 
magnetic fluid and are provided to equalize the pressure 45 
in a cavity disposed underneath the calotte-shaped part 
of the transducer. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross sectional view of part of the trans- 50 
ducer system of a dynamic bass loudspeaker according 
to a first preferred embodiment of the invention. 

FIGS. 2 and 3 are detail views of two different mov
ing coils with perforations according to embodiments of 
the invention. 55 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a cross sectional view of a transducer sys
tem of a woofer including a conical diaphragm 5, a 60 
center calotte 6, and a moving coil unit composed of a 
carrier 9 connected to the conical diaphragm and mov
ing coil windings 8. The moving coil extends into the air 
gap of a magnetic pole element which includes a pole 
core and magnetic base 1, an annular permanent magnet 65 
2 and a pole piece 3. On both sides of the moving coil 
the air gap is filled with a mass 4 of a magnetic fluid, 
more specifically a liquid. The moving coil windings 8 

tween the regions.enclosed by and enclosing the mov
ing coil unit. For introducing the fluid, the moving coil 
is statically immersed in such a manner that the passage 
13 lies in the region of the air gap where fluid is being 
introduced, so that the fluid will be distributed uni
formly to the inside and outside of the unit. 

The passages 14 and 15 of FIGS. 2 and 3, however, 
lie so far removed from the air gap that these passages 
will not be dipped into the magnetic fluid 4 during a 
pulling, or retraction, movement of the moving coil 
under normal operating conditions. For introducing the 
magnetic fluid, the moving coil is pulled back suffi
ciently to be immersed in the air gap to such an extent 
that the magnetic fluid can flow from the one air gap 
region to the other air gap region, e.g. from the outer to 
the inner air gap regions. This can be achieved, for 
example, by applying a direct current of suitable ampli
tude to the coil windings. 

By once filling in a given quantity of magnetic fluid, 
both regions of the air gap are thus filled with the mag
netic fluid. Dosaging, or introduction of a measured 
amount, is facilitated because a larger quantity, i.e. the 
entire quantity to be introduced, is supplied at one and 
the same time. Variations in the moving coil diameter, 
which result in an increase in the size of one air gap 
region at the expense of the other region, need not be 
considered for the dosaging because the correct fill 
quantity will automatically appear on both sides. 

A plurality of passages 13, 14 or 15 may be provided 
and distributed around the circumference of the moving 
coil carrier. Instead of in the region of the moving coil 
carrier which faces the diaphragm,· the passages may 
also be provided in the region facing away from the 
diaphragm. It is also possible to provide the passage or 
passages in the region of the windings of the moving 
coil, if for example two windings are provided. Advan
tageously, the fluid volumes are then in communication 
with one another also when the moving coil is in its rest 
position. 

The passages 13, 14 and 15 of FIGS. 1 through 3 
simultaneously permit pressure equalization between 
the air space enclosed below the calotte 6 and the region 
surrounding the moving coil. 

For the magnetic fluid 4 for example the fluid "2 EO 
3" of the manufacturer "Ferrofluidics/Corporation" 
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may be used. The foil 7 may be made of aluminum foil 
and for the laquer coating 12 a known expoxy resin with 
two constituents for example "UHU-plus" may be used. 

The extent of immersion of passages 13, 14 or 15 into 
the magnetic liquid 4 in order to achieve equalization 5 

need not have a certain particular value. It is not re
quired that the entire passage is immersed therein. For 
example, it can be sufficient for the leading edge of the 
passage to move just into the mass of liquid. 

4 
liquid during movement of said coil carrier under nor
mal operating conditions. 

4. Article as defined in claim 1 wherein said moving 
coil winding presents a continuous, smooth surface 
which extends over the entire region that can be 
brought into contact with the magnetic liqjlid and said 
passage is provided in this region. 

5. Article as defined in claim 1 wherein said passage is 
so located that it simultaneously serves to ventilate a 
cavity enclosed by said moving coil and a diaphragm of 
said transducer. 

. 

6. In a method of making an electromagnetic trans
ducer including providing means for producing a mag
netic field and presenting an air gap traversed by the 

It will be understood that the above description of the to 

present invention is susceptible to various modifica
tions, changes and adaptations, and the same are in
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 

15 field, providing a mass of magnetic liquid extending 
across the air gap, and providing a moving coil 
mounted on a moving coil carrier supported for move
ment through the air gap, the improvement comprising 

What is claimed is: 
1. In an electromagnetic transducer including means 

producing a magnetic field and presenting an air gap 
traversed by the field, a mass of magnetic liquid extend
ing across the air gap, and a moving coil mounted on a 20 
moving coil carrier supported for movement through 
the air gap, the improvement wherein said carrier is 
provided with at least one passage located to communi
cate with the magnetic liquid during at least part of the 
movement of said coil carrier through the air gap for 25 
permitting flow of magnetic liquid from one side to the 
other of said carrier in the direction of said air gap. 

2. Article as defined in claim 1 wherein said passage is 
located to be out of contact with the magnetic liquid 
when said coil carrier is in its rest position. 

3. Article as defined in claim 1 wherein said passage is 
located to be out of communication with the magnetic 

providing the carrier with at least one pas�ge located 
to communicate with the magnetic liquid du.ring at least 
part of the movement of the coil carrier through the air 
gap for permitting flow of magnetic liquid from one side 
to the other of the carrier in the direction Of the air gap, 
and wherein said step of providing a mass of magnetic 
liquid is carried out by filling in and/or uniformly dis
tributing the magnetic liquid in the air gap by causing 
the moving coil to perform a movement which brings 
the passage into the region of the air gap. 

7. Method as defined in claim 6 wherein said move-
30 ment of said moving coil is performed by supplying 

direct current to the windings of said coil. 
• • • • • 
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SAFETY DATA SHEET 

[SECTION 1]: PRODUCT AND COMPANY IDENTIFICATION 

Product Trade Name  : EMG 900 Series Ferrofluid 
Chemical Name    :  Proprietary Product 
Chemical Formula    :  Mixture 
Chemical Family    :  Colloidal Dispersion 
Relevant Identified Use  :   Domain Detection/Microfluidic Research 
Uses Advised Against  :  Loudspeaker Applications and any app. that requires long fluid life 
 
Manufacturer’s Name  :  Ferrotec  Corporation 
Importers / Distributor  :  Ferrotec (USA) Corporation, 33 Constitution Dr., Bedford, NH 03110,  USA               
Telephone Number    :  (603) 472‐6800 
Emergency Tel. Number  :  +1 (800)424‐9300 (CHEMTREC – US only) 
                                                           +1 (703)527‐3887 (CHEMTREC – International)                                         

Other safety information  :   +81‐479‐73‐6752 (FERROTEC CORP.  – Japan) 
             +49‐7022‐9270‐0 (FERROTEC GmbH – Germany 
 

 
[SECTION 2]: HAZARD IDENTIFICATION  

Skin Corrosion / Irritation: Category 2 
Severe Eye Damage / Irritation: Category 2 
Target Organs    : Not Established 
Aspiration Toxicant:  Category 1 

GHS Label Elements, including precautionary statements ‐ 

Pictogram:  

          

Signal word: Warning, Danger 

Hazard statement(s):  
 H315 Cause skin irritation 
H319 Cause serious eye irritation 
H304 May be fatal if swallowed and enters airways 

 
Precautionary statement(s):  
‐Prevention 
P264 Wash thoroughly after handling 
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P273 Avoid release to the environment 
P280 Wear protective gloves / protective clothing / eye protection / face protection. 
‐Response 
P301 + P310: IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician 
P302+P352 If on skin: Wash with plenty of soap and water 
P305+P351+P338 If in eyes: Rinse cautiously with water for several minutes.  Remove contact lenses, if possible 
and easy to do.  Continue rinsing. 
P331: Do NOT induce vomiting 
P332+P313: IF skin irritation occurs: Get medical advice/attention. 
P337+P313: If eye irritation persists: Get medical advice/attention. 
P362 Take off contaminated clothing and wash before reuse. 
P391 Collect spillage 
P501: Dispose of contents and container in accordance with local regulations 

Contains: DISTILLATES (PETROLEUM), HYDROTREATED LIGHT 
Any hazards not otherwise classified or identified during classification process: GHS Class 4 Combustible 
% of mixture consisting of ingredient(s) of unknown toxicity: Not Applicable (to be indicated henceforth as N/A) 

HMIS Classification 
  Health hazard: 1 
               Chronic Health Hazard: N/A 
  Flammability: 1 
  Physical hazards: 0 

NFPA Rating   
               Health hazard: 1 
  Fire: 1   
  Reactivity Hazard: 0 

Potential Health Effects 

  Inhalation: Inhalation of oil mist or vapors at elevated temperatures may cause respiratory irritation. 
  Skin: Potential skin irritant 
  Eyes: Potential eye irritant 
  Ingestion: No significant health hazard, however aspiration during ingestion can cause severe respiratory 
effects, including death. 

____________________________________________________________________________________________ 
[SECTION 3]: COMPOSITION / INGREDIENT INFORMATION 

Synonyms:  N/A 

The precise composition of this mixture is proprietary information. 

A more complete disclosure will be provided to a physician or a nurse in the event of a medical emergency.  All 
components are registered in Chemical Abstracts Service (CAS). 
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Composition  Proportion %     
(by volume) 

Exposure Limit  Toxicity Data 

A   Iron Oxide (magnetite)  3 ‐ 15  No Data  No Data 

B  Oil Soluble Dispersant  6 ‐ 30  No Data  No Data 

C  Distillates (Petroleum) 
Hydrotreated Light 

55 ‐ 91  No Data  No Data 

 
____________________________________________________________________________________________ 
[SECTION 4]: FIRST AID MEASURES 
 

Necessary measures to be taken according to route(s) of exposure ‐ 
Ingestion: This material has minimal toxicity, but fluid aspirated into lungs during ingestion could cause severe 
pulmonary injury or death.  Do not induce vomiting; seek immediate medical attention. 
Eye contact: Check for contact lenses and remove.  Flush with water for at least 15 minutes and consult a 
physician for treatment. 
Skin Contact: Wash with soap and water. 
Inhalation of smoke or mist: Move to fresh air and refer to a physician for treatment.  If difficulty in breathing is 
observed, supply oxygen.  If inhaled, there are possibilities of dizziness or asphyxiation without special symptoms. 

Most important symptoms/effects 
Acute: Not established 
Delayed: Not established 

Indication of immediate medical attention and special treatment needed, if necessary: This product should not 
cause any significant health issues.  Take appropriate action for signs of allergic or sensitivity reaction. 

 
Notes to physicians:  This product contains a fatty acid dispersant and Distillates (Petroleum), Hydrotreated Light.  
If  breathing has stopped, try artificial respiration. 

____________________________________________________________________________________________ 
[SECTION 5]: FIRE FIGHTING MEASURES 

Suitable extinguishing media: CO2, Foam, dry chemical, water spray (water spray may cause frothing) 
Unsuitable extinguishing media: N/A 
Specific hazards arising from chemical combustion products: Burning may produce carbon monoxide and 
nitrogen oxides.  Vapor mixed with air at temperatures above flash point may be explosive.  Vapor is heavier than 
air. 
Special protective equipment and precautions for fire‐fighters: Respirators, if smoke or vapor is present. 

____________________________________________________________________________________________ 
[SECTION 6]: ACCIDENTAL RELEASE MEASURES 

Steps to be taken in case material is released or spilled  
Personal precautions: Remove clothing that may have become contaminated, wash skin thoroughly with soap 
and lots of water. 
Environmental Precautions: Remove free liquid.  Add absorbent (sand, earth, sawdust) to spill area.  After 
removing absorbent, wash surface with soap and water to reduce possible slipping hazard.  If contamination of 
ground water is a concern, build a dike to contain spilled fluid, then clean as indicated.  Prevent spilled fluid from 
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entering sewers, water courses or low areas. 
Methods and materials for containment and cleanup: Consult federal state and local regulations applicable to 
disposal of waste oil products. 

____________________________________________________________________________________________ 
[SECTION 7]: HANDLING AND STORAGE 

Precautions for safe handling:  Ordinary care in handling chemicals.  Wash hands after handling. 
Conditions for safe storage: Keep in a cool, dark area.  If large quantities are stored, ground the storage container 
to prevent static buildup. 
Other precautions:  Avoid contamination of food or tobacco products.  Users should be aware that a very small 
percentage of the population may display unexpected allergic skin reactions to otherwise innocuous industrial 
chemicals and raw materials. 

____________________________________________________________________________________________ 
[SECTION 8]: EXPOSURE CONTROLS / PERSONAL PROTECTION 

OSHA permissible exposure limit (PEL): Not established 
ACGIH Threshold Limit Value (TLV): Not established 
Any other exposure limit used or recommended by the chemical manufacturer, importer, or employer 
preparing the safety data sheet, where available: No data 

Appropriate engineering controls: Supply adequate ventilation 
  
Personal Protective Measures/Equipment: 
  Respiratory protection: Not required unless smoke, mists or vapors are produced.  
  Ventilation: No special ventilation required. 
  Hand protection: Rubber or plastic gloves to prevent prolonged or repeated contact with skin. 
  Eye protection: Safety glasses recommended if splash is possible. 
  Other protective equipment:  Apron recommended but not required. 

____________________________________________________________________________________________ 
[SECTION 9]: PHYSICAL AND CHEMICAL PROPERTIES 

Appearance:  Black/brown fluid  Lower /Upper Explosion Limits:  Not established 

Odor:  Mild, faint  Vapor Pressure (kPa @ 20oC): 0.1 

Odor Threshold: Not established  Vapor Density (Air = 1): 6.4 

pH: N/A  Density: 1.21 – 1.42 g/cc 

Melting/Freezing Point (oC): Not established  Water Solubility: Insoluble 

Boiling Point (oC):  223  Partition Coefficient: n‐octanol/water: No data 

Flash Point (oC):  95  Auto‐ignition Temperature: 215oC 

Evaporation Rate: < 0.01  Decomposition Temp.: No data  

Flammability (solid/gas):  No data  Viscosity: 6 ‐ <12 cP 

____________________________________________________________________________________________ 
[SECTION 10]: STABILITY AND REACTIVITY 

Reactivity: No data 
Chemical stability: Stable under recommended storage conditions 
Possibility of hazardous reactions: No data 
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Conditions to avoid (e.g. static discharge, shock or vibration):  Will evaporate if left open to air. Avoid flame, 
spark and other ignition sources.  Keep away from sewers and bodies of water. 
Incompatible materials: Strong oxidizing agents 
Hazardous decomposition products:  In the event of fire, see section 5. 
____________________________________________________________________________________________  

[SECTION 11]: TOXICOLOGICAL INFORMATION 

Acute Toxicity  
Oral LD50 
LD50 Oral – No data 

Inhalation LC50 
LC50 Inhalation – No data 

Dermal LD50 
LD50 Dermal – No data 

Other information on acute toxicity 

Skin corrosion/irritation: May cause skin irritation 

Serious eye damage/eye irritation:  May cause irritation to eyes and/or membranes 

Respiratory or skin sensitization: May cause respiratory irritation,   

Aspiration: May be fatal if swallowed and enters airways.  Based on physic‐chemical properties of the material 

Germ cell mutagenicity: No data 

Carciongenicity: No data 

IARC:  No data 

NTP:  No data 

OSHA:  No data 

Reproductive Toxicity:  No data 

Teratogenicity:  No data 

Specific target organ toxicity – single exposure (Globally Harmonized System):  No data 
 

Specific target organ toxicity – repeated exposure (Globally Harmonized System):  No data 

Potential health effects 

  Inhalation:   Slight irritation 
  Ingestion:  May cause death if aspirated during swallowing 
  Skin:  Slight irritation 
  Eyes:  Slight irritation 
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Signs and Symptoms of Exposure: Symptoms, if present, vary with individual.  Watch for signs of allergic 
reaction, rash or respiratory distress. 

Synergistic effects:  No data 

Additional Information: N/A 

____________________________________________________________________________________________ 
[SECTION 12]: ECOLOGICAL INFORMATION 

Ecotoxicity (Aquatic and Terrestrial toxicity):  Variable data, not expected to be harmful to aquatic organisms 
Persistence and biodegradability:   Expected to be inherently biodegradable 
Bioaccumulative potential:  No data 
Mobility in soil:  No data 
Other adverse effects:   No data 

____________________________________________________________________________________________ 
[SECTION 13]: DISPOSAL CONSIDERATION 

Product: Comply with all federal, state and local regulations for disposal of waste oils.  High temperature 
incineration. 
Do not dump this product into sewers, on the ground or into any body of water. 

Contaminated packaging:  Dispose of as unused product, high temperature incineration. 

 

[SECTION 14]: TRANSPORT INFORMATION 

DOT (US) 
Hazard class: Combustible Liquid 
UN No: N/A 
Packing Group: III 
Proper bulk shipping description: Hydrocarbons, Liquid, N.O.S. 
Proper non‐bulk shipping description:  Not restricted 
Reportable Quantity: None 
Marine Pollutant: No Reference 
Poison Inhalation Hazard: N/A 

IMDG 
Hazard class: Combustible Liquid 
UN No: N/A 
Packing Group: III 
Proper bulk shipping description: Not restricted 
Proper non‐bulk shipping description:  Not restricted 

ICAO shipping description:  Not restricted 
ADR/RID hazard class:  Not restricted 
 
IATA 
Hazard class: GHS Class 4 Combustible 
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UN No: N/A 
Packing Group: III 
Proper bulk shipping description: Not restricted 
Proper non‐bulk shipping description:  Not restricted 
____________________________________________________________________________________________ 

[SECTION 15]: REGULATORY INFORMATION 

OSHA Hazards: N/A 
 
DSL Status: N/A 

SARA 302 Components: N/A 

SARA 313 Components: N/A 

Composition  CAS No.  TSCA  EINECS  OSHA 

A  Magnetite (Fe3O4)  1309‐38‐2  Registered  Registered  Registered 

B  Oil Soluble Dispersant  Proprietary  Registered  Registered  Registered 

C  Distillates (Petroleum) 
Hydrotreated Light 

64742‐47‐8  Registered  Registered  Registered 

These components do not contain any chemical subject to the reporting requirements of Section 313 of Title III of 
the Superfund Amendment and Reauthorization Act (SARA) of 1986 and 40 CFR part 372. 

____________________________________________________________________________________________ 

[SECTION 16]: OTHER INFORMATION 

We believe the statements, technical information and recommendations contained herein to be reliable, but they 
are given without warranty or guarantee of any kind, express or implied, and we assume no responsibility for any 
loss, damage or expense, direct or consequential, arising from their use. 

This material is not sold for use in products for which prolonged contact with skin or implantation into the human 
body is intended.  We do not recommend this material as safe and effective for such uses and assume no liability 
for any such use. 

RoHS compliance statement:  This material is believed to comply with RoHS standards. 

REACH 2 Compliance Statement: This material is believed to comply with REACH standards. 

This GHS Compliant SDS form was completed by the Ferrotec (USA) Ferrofluids Documentation Group. 

Date of preparation: 2014‐06‐06  Date of last revision and revision level:  2015‐12‐10, Rev. 2(B) 
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