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This invention relates to an electromagnetic electro 
acoustic transducer which constitutes a ring armature 
system. Such ring armature systems distinguish by a 
concentric arrangement so that they can easily be manu 
factured. 
A ring armature system which has recently been dis 

closed and has mainly been developed as a ring arma 
ture earphone for telephone earphone units can be con 
sidered to represent the present state of the art in this 
field. It consists essentially of an annular pole piece, 
which defines with an annular permanent magnet a Work 
ing air gap for the ring armature. The exciter coil is ac 
commodated inside a U-shaped cavity, which is defined 
on one side by the annular pole piece and on the other 
side by a ring applied to the armature. The permanent 
magnetic flux passes from the cylindrical portion of the 
magnet through the disc-shaped portion of the magnet, 
then through the armature at right angles thereto and 
back through the pole piece. 

Such a ring armature earphone has special advantages 
regarding its efficiency because it delivers a large sound 
volume within a wide frequency range and with small 
non-linear distortions. 
The design of other ring armature systems which have 

been disclosed in the patent literature is based Substan 
tially on the same principle as the ring armature ear 
phone described hereinbefore. The magnetic system is 
always annular and so arranged that the transducer has 
a central cavity, which is closed by a diaphragm, which 
in most cases is slightly curved, just as the ring arma 
ture earphone described first hereinbefore, the exciting 
coil is disposed in these systems in a J-shaped groove 
formed between the annular pole piece and the annular. 
permanent magnet. 

Although the acoustic properties of these transducers 
must generally be considered satisfactory, they have dis 
advantages regarding their design and manufacture. 
These disadvantages resuit in increased manufacturing 
costs and obstruct a general application of these trans 
ducers. Besides, the ring armature system cannot be 
made as Small as desired because technological consider 
ations prevent a manufacture of annular permanent mag 
ets of relatively complex shape below a certain size. 
The invention avoids these disadvantages. It provides 

a ring arrnature system which can be manufactured 
simply and without need for considerable adjustments 
and for expensive special molds for the permanent mag 
net so that a transducer embodying the invention can be 
made so small that it does not exceed dimensions, e.g., 
of 4 mm. X 7 mm. and still has a high efficiency. 
The electroacoustic transducer according to the in 

Vention constitutes a ring armature system and is es 
Sentially characterized in that the permanent magnet 
which produces the permanent magnetic flux comprises a 
plug, e.g. of cylindrical shape, which is disposed at the 
center of the System and is contacted at its two end 
faces by pole plates the diameters of which are substan 
tially equal, but exceed the diameter of the permanent 
magnet, and at least one external air gap is formed in the 
free space between the pole plates, in which air gap the 
armature having the shape of a circular ring (ring arma 
ture) of magnetic material is arranged with freedom of 
vibration, a diaphragm for radiating or receiving sound 
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2 
and consisting preferably of non-magnetic material is Se 
cured and the exciter winding is arranged inside the 
transducer and concentric with the axis thereof. 

According to another feature of the invention, two air 
gaps may be provided, only one of which serves as a 
working air gap for the ring armature whereas the other 
gap disposed inside the transducer is arranged to receive 
the means for mounting the ring armature. Further fea 
tures of the invention will be apparent from the follow 
ing description. 
FIGS. 1 to 3 and 5 to 7 show various embodiments of 

the electroacoustic transducer according to the inven 
tion. FG. 4 shows a preferred embodiment of a ring 
airmature used according to the invention and FIG. 8 
shows by way of example a microphone according to the 
invention. 
As is shown in FIG. 1, the cylindrical permanent mag 

net forms the core of the transducer. At each of its 
two surface-ground end faces, it carries a pole plate 2, 
3, which may consist of a flat plate or may have a dif 
ferent shape, e.g., similar to a pot. Whereas the term 
"piate' is not really appropriate for the last-mentioned 
plate, it is more desirable for a clear description to de 
fine a component only by its function irrespective of its 
shape. For this reason a pot-shaped plate is also re 
ferred to as a poie piate, sometimes as a pot-shaped pole 
plate. 

In FG. 1, the upper pole plate 2 consists of a flat plate 
whereas the opposite plate 3 is pot-shaped. Its upturned 
rims define with the pole plate 2 an air gap 5, which 
receives the ring armature 4. The diameter of the 
ring arriature 4 slightly exceeds that of the pole plate 
2. So that the rim of the armature extends beyond the 
periphery of the driving system. This is necessary be 
cause the preferably silightly curved, sound radiating dia 
phragm 5 of non-magnetic material is secured to the rim, 
e.g., by being fitted, adhesively connected or flange-con 
lected with application of heat. This arrangement has 
the advantage that more than the entire diameter of the 
transducer is available for a radiation of sound. This 
is of decisive significance in the case of smail systems. 
In the illustrative embodiment shown in this figure, the 
eXcited winding 7 concentrically surrounds the cylindri 
cal perinanent magnet. The exciter winding 7 may either 
be directly wound on the magnet, e.g., with insulating 
paper interposed, or it may be wound on a separate coil 
body. The ring armature 4 is supported at its inside 
periherv at 9 by a non-magnetic sleeve 14. 
The illustrative embodiment according to FIG. 2 differs 

from that according to FIG. 1 in that two pot-shaped 
pole plates 3, it having different diameters and arranged 
one in the other are provided on one side. This arrange 
ment results in the formation of two air gaps, the outer 
air gap 5 constituting the working air gap for the ring 
arnature 4 whereas the inner air gap 9 serves for securing 
or mounting the ring armature 4. in this embodiment 
the eXciter coil is arranged on the cylindrical outside wall 
of the inner pot-shaped pole plate. To intensify the mag 
netic fux through the working air gap, the upper pole 
plate 2 is offset at its rin so that the air gap S is smaller 
than the inner air gap 9. 

in this connection it may be stated in general that the 
term air gap refers also to gaps in which the clearance 
beiween the pole faces is filled by nonmagnetic materials. 
These noninagnetic materials serve for retaining the dia 
phragm. 

in order to simplify the manufacture of the transducer 
according to the invention, it may be suitable under 
certain circumstances to use two flat pole plates 2 and 
3 and to mount a pole piece 8 consisting of a channel 
section bent in the form of a ring on one pole plate 3. 
Such an embodiment is shown in F.G. 3. The intermedi 



3,112,374 
3 

ate web portion of the channel-shaped pole piece is in 
firm engagement with the pole plate 3, and its free ends 
define with the other pole plate 2 two annular air gaps 
5 and 9, the outer one of which serves again as a work 
ing air gap whereas the ring armature 4 is mounted in the 
inner air gap. Just as the arrangements described here 
inbefore, this arrangement comprises according to the 
invention the cylindrical permanent magnet at the center 
of the transducer. As is shown in FIG. 4, the ring arma 
ture used in ail embodiments may have radial slots, which 
reduce the stiffness of the armature and reduce the eddy 
current losses to some extent. The slots i need not be 
radial but may be inclined, as is shown in FIG. 4 at 3. 
FIG. 5 shows an embodiment of the invention com 

prising two exciter coils 7 and 7a. The ring armature 
4 is held between two sleeves 14 and 14a of nonmagnetic 
material. Two pot-shaped pole plates 2, 3 are synmetri 
cally arranged and the exciter coil is divided, the two 
half-windings 7, 7a being disposed on opposite sides of 
the ring artnature. 

FIG. 6 shows an embodiment which comprises also two 
exciter coils 7 and 7a but two air gaps 5 and 9, the gap 
5 constituting a working air gap whereas the inner air 
gap 9 accommodates the ring armature 4. 

For this purpose, at least one of the pole plates 2, 3 is 
formed at its rim with a channel section. The free space 
around the permanent magnet may communicate through 
bores 39 with the air cushion behind the diaphragm and 
with the outside air or a larger air chamber. 

FIG. 7 shows another embodiment of the means for 
mounting the armature. The pole plate 3 is formed at 
its rim with a channel section, which accommodates the 
exciter winding. The ring armature 4 is mounted be 
tween a cylindrical sleeve i4 and a ring 14a, both of 
which consist of nonmagnetic material. 
The ring armature need not be of uniform thickness 

but may be enlarged in certain zones, e.g. in the region 
of the alternating magnetic flux. This may be effected by 
the application of a second ring having a larger inside 
diameter to the gripped thinner ring. These two rings 
may be connected by spot welding. Alternatively, a cov 
ering of magnetic material in the form of a circular ring 
may be applied to the thinner armature ring, e.g., by 
means of an adhesive. 
FIG. 8 shows an illustrative embodiment of a micro 

phone according to the invention. The magnet 1 has a 
bore, through which a hollow rivet 15 extends, which 
serves for the fixation of the pole plates 2 and 3. The 
diaphragm 6 is provided with a rim zone 6, which is of 
conical or similar shape and which terminates in elastic 
corrugations i7. The diaphragm is mounted on the hous 
ing i9 at 13. To modify the vibrations of the diaphragm 
in a manner known per se, a curved member 26 and a 
member 21 are provided to define a low air chamber 
behind the diaphragm. The sound waves can enter the 
large chamber 26 of the housing 19 through the hollow 
rivet i5, which may accommodate damping means 22 and 
23, and through openings 24 in the member 2i. The 
openings 24 may also be covered with damping means 
25. A tube 27 extends in a manner known per se in the 
chamber 26 and leads at 23 into the free sound field. 
A guard screen 29 is disposed before the diaphragm. 
When the sound transducer is inserted in a housing, e.g., 
a telephone receiver, the pole plates may suitably be 
formed with openings 30, as is shown in FIG. 6. This 
will reduce the restoring force of the small air chambers 
behind the diaphragm and will utilize the hollow space of 
the housing. 
Through these openings the rear side of the diaphragm 

may be exposed to the external sound field so that a 
transducer for a directional reception or radiation of 
sound is provided. 

This is not the only application of the transducer ac 
cording to the invention. The same can be manufactured 
in any size, e.g., in miniature size for hearing aids or in 
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4. 
a size suitable for incorporation in telephone handsets. 
The large diameter of the diaphragm will ensure to an 
excellent acoustic efficiency as well as an excellent fre 
quency response with minimum distortions whereas the 
riaanufacturing costs are much less than those of the pre 
viously usual transducers. 
The invention is not restricted in its application to elec 

troacoustic transducers but may be used, e.g., as a re 
ceiver or transmitter for vibrations if the ring armature 
protruding from the magnetic system is connected to the 
inert mass of the vibration-receiving means or to the 
coupling means provided for the transmission of force. 

Similarly, the invention may be applied to all devices 
in which a driving force in a circular distribution is pro 
vided. 
What is claimed is: 
1. An electromagnetic electroacoustic transducer, which 

comprises a central plug of permanent-magnetic material 
generating a permanent magnetic flux and having two 
mutually opposite end faces, pole means comprising two 
pole plates, each of which contacts one of said end faces 
and the diameters of which are substantially equal to them 
selves and larger than the diameter of said plug, said 
pole plates defining between themselves a free space, said 
pole means defining an outer air gap and an inner air 
gap, an armature of magnetic material in the shape of a 
circular ring extending through said outer air gap with 
freedom of vibration therein and having an inner rim dis 
posed in said inner air gap, said transducer comprising 
further annular armature retaining means of nonmag 
netic material engaging said inner rim cf said armature on 
both sides thereof in said inner air gap to retain said arma 
ture, said armature having an outer rim disposed radially 
outwardly of the periphery of said pole means, said trans 
ducer comprising further a diaphragm secured to said 
outer rim of Said armature and adapted to vibrate at 
Sound frequencies, and an exciter winding which is dis 
posed in the interior of said transducer and concentric 
with the axis thereof and adapted to generate an alternat 
ing magnetic flux permeating said armature where it ex 
tends through said outer air gap. 

2. A transducer as set forth in claim 1, in which said plug is cylindrical. 
3. A transducer as set forth in claim 1, in which said 

diaphragm consists of nonmagnetic material. 
4. A transducer as set forth in claim 1, in which said 

arrinature is formed with slots. 
5. A transducer as set forth in claim 1, in which said 

pole means comprise a channel-shaped pole piece which 
concentrically surrounds said plug and has a web directly 
Secured to one of Said pole plates and two free edges 
defining said outer and inner air gaps, respectively. 

6. A transducer as set forth in claim 5, in which the 
other of Said pole plates is substantially flat and has an 
offset marginal Zone defining said outer air gap. 

7. A transducer as set forth in claim 5, in which said 
exciter winding is disposed inside said channel-shaped pole 
piece. 

8. A transducer as set forth in claim 5, in which the 
interior of Said channel-shaped pole piece is entirely occu 
pied by Said exciter winding. 

9. A transducer as set forth in claim 1, in which said 
pole plates comprise a flat pole plate and two pot-shaped 
pole plates having different diameters and arranged one 
in the other, Said pot-shaped pole plates defining with said 
flat pole plate said outer and inner air gaps. 

10. A transducer as set forth in claim 9, in which said 
two pot-shaped pole plates define between them a free 
space containing said exciter winding. 

11. A transducer as Set forth in claim 10, in which said 
two pot-shaped pole plates comprise an inner pole plate 
having a cylindrical outside surface, on which said exciter 
winding is mounted. 

12. A transducer as set forth in claim 1, in which at 



3,112,374 
5 

least one of said pole plates has a rim formed with a 
channel section defining said air gaps. 

13. A transducer as set forth in claim 12, which com 
prises means defining an air cushion with the rear side 
of Said diaphragm and means confining with said plug a 
free space surrounding said plug, said last-mentioned 
means being formed with bores establishing a communica 
tion from said space to said air cushion and the outside 
a. 

14. A transducer as set forth in claim 12, which com 
prises means defining an air cushion with the rear side 
of Said diaphragm, means confining with said plug a free 
space surrounding said plug, said last-mentioned means 
being formed with bores, and means defining an air cham 
ber larger than said free space around said plug, said 
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bores establishing a communication from said free space 
around said plug to said air cushion and to said air cham 
ber. 

15. A transducer as set forth in claim 12, in which said 
plug and pole means are symmetric with respect to a plane, 
in which said armature extends. 

16. A transducer as set forth in claim 12, in which said 
channel section contains said exciter winding and in which 
Said armature retaining means comprises a cylindrical 
sleeve and a ring, both of which surround said plug and 
retain said armature between them. 
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