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(54) Magnetic system for a moving coil loudspeaker

(57) This invention relates to a magnetic motor sys-
tem for a loudspeaker drive unit characterized in that it
uses a central magnetic system surrounded by a second
magnetic element 'focus ring'.

The magnet system of the invention may preferably
use a combination of Samarium Cobalt and Neodymium
magnetic elements, and the invention namely covers
the said focus ring in a magnetic system comprising a

Samarium Cobalt element for the principle magnetic cir-
cuit, surrounded by a focus ring of Neodymium.

In the best mode of the invention so far, reference
2 is the SmCo principle magnetic element. Reference 3
is the pole-plate. Reference 4 is the top-plate. In this non
limitative example the magnetic elements are "C "
shaped to facilitate passing the connection from the
voice coil to the tweeter connections.
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Description

Technical Field of the Invention:

[0001] The present invention relates to moving coil
loudspeakers, and more specifically to a magnetic mo-
tor system for a loudspeaker drive unit.
[0002] As is well known, a loudspeaker mainly con-
sists of a magnetic motor system and a moving dia-
phragm supported by a suspension system. The mag-
netic motor system normally comprises a 'T' shaped
pole-plate and a flat top-plate washer in-between which
is located the magnetic medium. The magnetic flux
flows across the gap between the pole and the hole in
the top-plate washer.

Prior art:

[0003] It is known to use rare earth magnet assem-
blies in loudspeakers. B
[0004] Rare earth magnets have been used due to
their high maximum energy product (BH max). In gen-
eral, a rare earth NdFeB magnet is around 10 times
more powerful than a ceramic ferrite magnet of the same
volume. At the same time, a NdFeB magnet is around
10 times the cost of a ceramic ferrite for the same vol-
ume. The result is that for the same cost it is possible to
achieve the same magnet strength, but with a large size
saving. It is worth noting that this reduction in size makes
the metal top-plate and pole-plate smaller and therefore
cheaper to manufacture as well as the increased de-
mand for NdFeB magnets driving the commercial price
downwards.
[0005] There are two main examples of existing rare
earth magnet assemblies used in loudspeakers. The
most common type is shown on Figure 1. This is the
most common form of rare earth magnet system typical-
ly used as the motor element for tweeters. A disc of Neo-
dymium 1 is bonded with a steel cup 2 and the top-plate
3 bonded to this to form the magnetic circuit.
[0006] It is simple, cost effective and capable of pro-
ducing a high magnetic field strength.
[0007] An improved version of this is shown in Figure
2. This represents an improvement of the construction
for a Neodymium magnet system, using a second Neo-
dymium disc 4 bonded to the top of the top-plate 3 to
concentrate the magnetic field into the voice coil gap.
[0008] The second Neodymium disc 4 helps push the
magnetic field into the gap to increase field strength.
[0009] Both of these systems share a common disad-
vantage however. Neodymium in the grades typically
used for loudspeakers, N35, has a low Curie tempera-
ture. The Curie temperature is the temperature at which
the parallel alignment of elementary magnetic moments
completely disappears and the material is no longer able
to hold magnetization. For common grades of Neodym-
ium, the Curie temperature is around 300°C, limiting a
stable operating temperature in air to 80°C. There are

some special grades available, but even these are only
workable up to 120-150°C.
[0010] A simple test on an existing Neodymium driven
tweeter revealed a working temperature measured at
the rear surface of the motor cup of just over 100°C after
15 min of a bandwidth limited pink noise signal at 0.75
watts. This clearly indicates the need for an improved
temperature performance especially in high-end sys-
tems and considering the very high power levels expe-
rienced in modern home cinema and car systems.
[0011] A common construction for a ring type ceramic
ferrite ( ferrite rings 5, 6 ) magnet system is represented
on Figure 3. The second ferrite 5 bonded to the pole-
plate 7 pushes back stray magnetic field back into the
part and an improvement in magnetic force in the voice
coil gap is obtained.

Summary of the Invention :

[0012] This invention relates to a magnetic motor sys-
tem for a loudspeaker drive unit characterized in that it
uses a central magnetic system surrounded by a second
magnetic element 'focus ring'.
[0013] More specifically, in one non-limitative embod-
iment, which is the best mode of the invention as of to-
day, the magnet system of the invention uses a combi-
nation of Samarium Cobalt and Neodymium magnetic
elements, although the use of this particular combina-
tion is non limitative as the function of the magnetic ge-
ometry is applicable to all magnetic materials.
[0014] In another aspect, the invention covers a spe-
cific geometry for the magnetic motor system character-
ized by the presence of a magnetic focusing ring sur-
rounding at least partially the central principle magnetic
element.
[0015] Still in another aspect of the invention, the ap-
plication covers the said focus ring in a magnetic system
comprising a Samarium Cobalt element for the principle
magnetic circuit, surrounded by a focus ring of Neodym-
ium.

Detailed description of the Invention:

[0016] The rare earth material Samarium Cobalt ex-
ists in two alloys: SmCo5 and Sm2Co17. The Sm2Co17
alloy offers several advantages over the SmCo5 type: it
exhibits superior temperature characteristics along with
higher maximum energy product (BHmax, MGOe). The
Curie temperature for Sm2Co17 is around 800°C, allow-
ing a stable operating temperature of 300-350°C.
[0017] There are two disadvantages to Samarium Co-
balt. Firstly it is around twice the price of Neodymium
that is already an expensive material. Secondly, it has
a lower maximum energy product (BHmax, MGOe),
around 75% of that of Neodymium. However, for high
performance products, SmCo magnets have a far great-
er corrosion resistance than NdFeB magnets, so lon-
gevity is greatly enhanced.
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[0018] These two serious drawbacks probably ex-
plain why no attempt has ever been made for commer-
cially using Samarium Cobalt as a component of a mag-
netic system for use in a loudspeaker.
[0019] The inventive merit of the inventor is first to
have overcome this prejudice which pre-existed,
against the use of Samarium Cobalt and to have more
generally thought of the use of an hybrid type magnetic
motor system.
[0020] Another merit is to have designed a magnetic
system using Samarium Cobalt in such a way that the
obtained magnetic system shows only advantages and
no disadvantages, or no disadvantages of such a dis-
astrous magnitude as would have been anticipated from
the use of Samarium Cobalt.
[0021] Namely, the invention provides a complex
magnetic system which remains compact enough to be
used in a loudspeaker, that is another definite requisite.
[0022] The system effectively uses the maximum pos-
sible energy from the costly Samarium Cobalt material
focusing it into the magnetic gap.
[0023] The system developed according to the inven-
tion uses, in a preferred but non limitative embodiment,
a Samarium Cobalt element for the principle magnetic
circuit, surrounded by a focus ring of Neodymium.
[0024] The result is a magnetic system that produces
a higher magnetic field than that of the simple Neodym-
ium system, with in addition the advantages of Samar-
ium Cobalt, i.e. stable magnetic field at elevated tem-
peratures.
[0025] The skilled man will appreciate easily that this
result could not be anticipated, since the expectation
would rather have been to get a lower magnetic field
than the simple Neodymium, and additionally there was
no certainty to keep the known advantages of the simple
Samarium Cobalt while evading most of its drawbacks.
[0026] The focus ring system uses a Samarium Co-
balt magnetic element and the principle magnet. A ring
of Neodymium focuses or forces any spurious flux back
towards the magnetic gap to maximize performance
whilst remaining separate and therefore less sensitive
to the high operating temperature in the center of the
magnetic structure and around the voice coil.
[0027] The focus ring allows the maximum force to be
concentrated into the magnetic gap from the Samarium
Cobalt element. The focus ring uses a high power Neo-
dymium magnet that is separated from the main mag-
netic system. As already stated, Neodymium is not suit-
able for the high operating temperatures experienced.
This physical separation allows the system to be oper-
ated at high temperatures without affecting the magnetic
performance as the Neodymium element remains well
within its safe temperature operating range.
[0028] A non limitative representation of the system
of the invention is shown in Figure 4.
[0029] Figure 5, which consists of Fig. 5A and Fig. 5B,
shows a simulation of a simple Neodymium system (pri-
or art).

[0030] Fig. 5A shows the Flux Density in the magnetic
gap, vs. the distance to the said gap, with an usable av-
erage density of 1.6 Tesla.
[0031] Fig. 5B shows a representation of the Flux
lines.
[0032] Figure 6, which consists of Fig. 6A and Fig. 6B,
shows a simulation of a simple Samarium Cobalt sys-
tem.
[0033] Fig. 6A shows the Flux Density in the magnetic
gap, vs. the distance to the said gap, with an usable av-
erage density of only 1.5 Tesla.
[0034] Fig. 6B shows a representation of the Flux
lines.
[0035] Figure 7, which consists of Fig. 7A and Fig. 7B,
shows a simulation of the hybrid system of the invention,
Samarium Cobalt / Neodymium system.
[0036] Fig. 7A shows the Flux Density in the magnetic
gap, vs. the distance to the said gap, with an usable av-
erage density of 1.7 Tesla, what is surprising since it is
superior to the density of simple Neodymium (1.6 Tesla)
though it would have been expected a lower value, due
to the lower density of the simple Samarium Cobalt (1.5
Tesla).
[0037] Fig. 7B shows a representation of the Flux
lines.
[0038] On figure 4, which is the best mode of the in-
vention so far, reference 2 is the SmCo principle mag-
netic element. Reference 3 is the pole-plate. Reference
4 is the top-plate. In this example the magnetic elements
are "C " shaped to facilitate passing the connection from
the voice coil to the tweeter connections. This shaping
is obviously not limitative.
[0039] On figure 5B, reference 1 is the pole-plate, ref-
erence 2 is the top-plate, reference 3 is the simple mag-
netic Neodymium element. The magnet gap is situated
between the pole-plate 1 and the top-plate 2.
[0040] On figure 6B, reference 1 is the pole-plate, ref-
erence 2 is the top-plate, reference 3 is the simple Sa-
marium Cobalt magnetic element.
[0041] On figure 7 ( invention ) reference 1 is the pole-
plate, reference 2 is the top-plate, reference 3 is the Sa-
marium Cobalt principle magnetic element and refer-
ence 4 is the Neodymium focus ring element.
[0042] The Neodymium element to the right creates
a second magnetic ring which so to say sends the mag-
netic energy back (at least partially) to the core of the
system (while on fig 5B and 6B this energy escapes to
the right and is totally lost).

Conclusion

[0043] The system although more costly in terms of
materials and its more complex construction, has two
significant advantages: the ability to provide a stable
magnetic force at elevated operating temperatures and
a further improved magnetic force when compared to a
simple Neodymium based system. Of course this ar-
rangement of a magnetic focus ring around the magnet-
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ic system can be applied to all types of magnetic mate-
rial to provide a range of qualities not found in conven-
tional systems. For example, a Neodymium system with
a Neodymium focus ring showed a very high magnetic
field strength in the gap of 1.8 Tesla.
[0044] As indicated above, the invention covers the
incorporation in a magnetic motor system for a loud-
speaker drive unit, the said magnetic motor comprising
a central principle magnetic element, of a further focus
ring, magnetic in nature, surrounding at least partially
the said central magnet, for the purpose of concentrat-
ing the magnetic flux to the maximum into the core of
the device, with minimum magnetic losses.
[0045] In one preferred embodiment, the central mag-
netic element is made of Samarium Cobalt and the said
focus ring is made of Neodymium.
[0046] However, these magnetic elements can be
chosen among the usual magnetic materials used for
loudspeakers, such as simple
Neodymium,
NdFeB - all grades
SmCo - all grades
Ceramic Ferrite - all grades
Alnico - all grades
[0047] The present invention also covers the loud-
speaker drive unit containing at least one such magnetic
motor system as described above, and the loudspeak-
ers comprising at least one such drive unit.
[0048] The invention also encompasses all the op-
tions that will be apparent to the skilled man in the light
of his common knowledge, optionally complemented by
a few routine tests.

Claims

1. Magnetic motor system for a loudspeaker drive unit
characterized in that it uses a central magnetic
system surrounded by a second magnetic element
or magnetic 'focus ring'.

2. Magnetic motor system according to claim 1, char-
acterized in that the said magnet system uses a
combination of Samarium Cobalt and Neodymium
magnetic elements.

3. Magnetic motor system according to claim 1 or 2,
characterized by the magnetic focusing ring sur-
rounding at least partially the central principle mag-
netic element .

4. Magnetic motor system according to any one of
claims 2 or 3, characterized by the presence of
said focus ring in a magnetic system comprising a
Samarium Cobalt element for the principle magnet-
ic circuit, surrounded by a focus ring of Neodymium.

5. Magnetic motor system according to any one of

claims 1 to 4, characterized in that the said focus
ring , in particular the high power Neodymium mag-
net, is physically separated from the main magnetic
system.

6. Magnetic motor system according according to any
one of claims 1 to 5, characterized in that the mag-
netic elements are "C " shaped.

7. Magnetic motor system according to any one of
claims 1 to 6, characterized in that a magnet gap
is situated between the pole-plate 1 and the top-
plate 2.

8. Magnetic motor system according to any one of
claims 1 to 6, characterized in that the said mag-
netic elements can be chosen among:

- the simple Neodymium,
- NdFeB - all grades
- SmCo - all grades
- Ceramic Ferrite - all grades
- Alnico - all grades

9. Loudspeaker drive unit characterized in that it
contains at least one magnetic motor system ac-
cording to anyone of claims 1 to 8.

10. Loudspeaker characterized in that it comprises at
least one drive unit according to claim 9.
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