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ABSTRACT 

An improvement is an electro-acoustic converter hav 
ing a magnetic circuit with an air gap therein, the im 
provement including a magnetically anisotropic mate 
rial in the magnetic circuit. The axes of the aniso» 
tropic material are aligned to eliminate ?ux caused by 
a voice coil. 

1 Claim, 9 Drawing Figures 
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MOVING VOICE COIL ELECTRO-ACOUSTIC 
CONVERTER WITH LAMINATED 

MAGNETICALLY ANISOTROPIC POLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related in subject matter to co 
pending applications Ser. No. 315,963 and 315,970 
?led Dec. 18, 1972, by Isao Yamamuro and assigned to 
a common assignee with the present application. Appli 
cation Ser. No. 315,963 has issued as U.S. Pat. No. 
3,830,986. Application Ser. No. 315,970 has issued as 
U.S. Pat. No. 3,867,587. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a magnetic circuit for an 

electro-acoustic converter such as a speaker or a mi 

crophone. 
2. Description of the Prior Art 
Normal magnetic material has a magnetic hysteresis 

loop characteristic and the relation of magnetizing 
force and magnetic flux density is non-linear. There 
fore, when magnetic flux of a voice coil passes through 
a center pole and plate near an air gap, the magnetic 
reaction in the voice coil results in a distorted output 
signal from the electro-acoustic converter such as a 
speaker or a microphone. 
Accordingly, various methods eliminating the distor 

tion have been attempted such as methods of covering 
a center pole a with a copper cap b as shown in FIG. la, 
putting in a copper ring 0 as shown in FIG. lb, or mak— 
ing a depression on an upper surface of a center pole a 
and plating the depression with copper d as shown in 
FIG. 1c. The above-mentioned methods shown in 
FIGS. la and lb, however, do not only require a higher 
level of manufacturing technique than a conventional 
normal magnetic circuit for making the air gap a prede 
termined size, but also results in decreasing the mag 
netic flux density within the air gap due to the substan 
tial increase in the air gap width. When using the cop 
per ring 0, the copper ring disturbs the magnetic flux 
distribution in the air gap thus disturbing the output sig 
nal. In the last case shown in FIG. 10, it is difficult to 
uniformly plate with sufficient thickness. 

SUMMARY OF THE INVENTION 

The present invention has taken notice of the afore 
mentioned problems and eliminates the distortion 
caused by the magnetic circuit. The primary object of 
the present invention is to provide a magnetic circuit 
for an electro-acoustic converting device characterized 
in that a portion or all of the magnetic circuit elements 
defining an air gap are formed of a magnetic aniso 
tropic material, thereby increasing the magnetic resis 
tance to magnetic flux caused by a voice coil and elimi 
nating the reproduction distortion caused by a mag 
netic non-linearity of a magnetic circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 10-10 are views in vertical section, of conven 
tional magnetic circuit portions for an electro-acoustic 
converter. 

FIG. 2 is a view in vertical section, of one embodi 
ment of a magnetic circuit in accordance with the pres 
ent invention. 
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2 
FIG. 3 is an enlarged fragmentary sectional view 

schematically illustrating directions of magnetic flux. 
FIG. 4 is a diagram illustrating the current distortion 

characteristic of a speaker using a conventional mag 
netic circuit. 

FIG. 5 is a diagram illustrating the current distortion 
characteristics of a speaker using the magnetic circuit 
according to the present invention. 
FIG. 6 is a view in vertical section, of another em 

bodiment of the present invention. 
FIG. 7 is an enlarged sectional view of the additional 

embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Explaining one embodiment of the present invention 
in accordance with the drawings, 1 is a yoke, 2 is a cen 
ter pole fixed in the center of the yoke l, 3 is a ring 
shaped magnet, 4 is a plate fixed on the magnet 3, 5 is 
a voice coil cylinder, and 6 is a voice coil. 

In the present embodiment, the upper outside por‘ 
tion of the pole 2 and the inside portion of the plate 4 
are respectively constructed with parts 7 and 8 which 
are magnetically anisotropic, such as a two directional 
silicon steel. The easy magnetizing axis and hard mag< 
netizing axis of the parts 7 and 8 are respectively di 
rected at right angles and parallel to the voice coil 6. 
Therefore, the magnetic flux out of the magnet 3 re 

turns to the same magnet 3 by way of the plate 4, the 
easy magnetizing axis of the magnetically anisotropic 
part 8, the air gap, the easy magnetizing axis of- the 
magnetically anisotropic part 7, the center pole 5, and 
the yoke 1. Namely, the magnetic flux for driving the 
speaker passes the air gap through the same route as in 
the conventional magnetic circuit. The total magnetic 
resistance of the magnetic circuit is slightly increased 
as compared with that of the conventional magnetic 
circuit, because the magnetic flux for driving the voice 
coil passes through the easy magnetizing axis of the 
magnetically anisotropic parts 7 and 8. 
The magnetic ?ux caused by the voice coil 6 follows 

the path shown by dotted lines in FIG. 3, that is, the 
magnetic flux completes closed loops which pass along 
both the hard magnetizing axes of the magnetically ani 
sotropic parts 7 and 8. However, the magnetic ?ux 
passing the magnetic anisotropic parts is limited be 
cause of the high magnetic resistance and the magnetic 
saturation brought about with the small magnetic flux. 
Consequently, the reproduction distortion due to the 
magnetic non-linearity of the magnetic circuit elements 
diminishes greatly because of the weak mutual relation 
of the magnetic flux of the voice coil 6 and the mag 
netic circuit parts. Further, since the electrical resis 
tance of the two directional silicon steel is higher than 
normal iron, the silicon steel is useful for diminishing 
eddy current power loss caused by the magnetic flux of 
the voice coil in the magnetic circuit elements. 
FIG. 4 is a diagram illustrating current distortion 

characteristics of a speaker using a conventional mag 
netic circuit. FIG. 5 is a diagram illustrating current dis 
tortion characteristics of the speaker using a magnetic 
circuit according to the present invention, in which the 
upper outside portion of the center pole 2 and the in 
side portion of the plate 4 are constructed with the two 
directional silicon steel which is magnetically aniso 
tropic. Comparing these characteristic diagrams, it is 
seen that the second harmonic distortion A’ and the 
third harmonic distortion B’ in case of the present in 
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vention speaker diminishes greatly in comparison with 
the second and third harmonic distortion curves A and 
B of the conventional speaker. The characteristic curve 
between I-ll of the second harmonic distortion curve 
A‘ shown in FIG. 5 shows a ?lter characteristic of a dis 
tortion detector, the true distortion component is 
scarcely included between the HI. 

In the aforementioned present embodiment, a por— 
tion of the elements of the magnetic circuit are con 
structed with the magnetically anisotropic material. 
The whole of the plate 4 and the upper part of the cen 
ter pole 2 may be composed of the magnetically aniso 
tropic material as shown in FIG. 6, or may be com 
posed of parts which have magnetically anisotropic 
characteristics, which laminate sheets 9 of the normal 
magnetic material or the magnetically anisotropic ma 
terial. When using the laminated parts as shown in FIG. 
7, an insulated or conductive lamination 10 may be po 
sitioned between sheets of the normal magnetic mate 
rial. When the insulated lamination 10 is used, the eddy 
current power loss decreases and the magnetic flux acts 
to good advantage, and thus an electro-acoustic con 
verter having a high conversion efficiency may be man 
ufactured without difficulty. When the lamination 10 is 
conductive, the conductive laminations act as short 
rings, and thus the distortion is reduced more than with 
only the magnetically anisotropic material. 
As described above, the present invention is charac 

terized in that a portion or all of the magnetic circuit 
sections which de?ne the boundaries of an air gap have 
portions which are magnetically anisotropic, namely 
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4 
the portion having high magnetic resistance against a 
magnetic ?ux of a voice coil and low magnetic resis 
tance against a magnetic flux for driving a speaker. 
Thereby, the above-mentioned problems have been 
corrected and the objects of the present invention are 
effected. 

In addition, the present invention may be applied to 
other electro-acoustic converters such as a micro 
phone. 
While the invention has been particularly shown and 

described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. In an electro-acoustic converter comprising: 
a. a center pole; 

b. voice coil means surrounding said center pole; 
c. magnetic means surrounding said center pole and i 

said voice coil means; and 
d. plate means ?xed to said magnetic means, said 

plate means and said center pole defining an air 
gap accepting said voice coil; the improvement 
comprising 

e. wherein all of said plate means and that portion of 
said center pole de?ning said air gap consist of 
magnetically anisotropic sheets laminating magnet 
ically anisotropic sheets. 

it It * it‘ I!‘ 


