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This invention relates to permanent mag- claims as “soft iron” for brevity) the flux 
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nets and more particularly to permanent density in the gap can be greatly increased, 
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magnet “units' intended for use with sound 
reproducing or transmitting apparatus of the 
kind in which a diaphragm is connected to 
a coil situated in a magnetic field or gap. 
Various attempts have been made to pro 

duce a satisfactory permanent magnet unit 
of the above kind, but these have not been 
altogether successful. In cases where the 
magnet unit has been built up of separate 
parts it possesses certain defects, particularly 
in that it has not realized adequate magnetic 
strength owing to the presence of mechani 

scal joints, or to the necessity for assembling 
the parts after the magnets have been mag 
netized, or to the units being so costly as to be commercially prohibitive except in spe: 
cial cases; moreover, there is a liability of 

to certain of the parts to move and thus disturb 
the continuity of the gap. W 
According to this invention most of these 

defects are overcome by making the perma 
nent magnet or get unit of magnet steel 

es cast in the form of a block having one or 
more loop like limbs extending outwardly 
O. radially from the base and crown of the 
body portion of which they form an integral 
part and forming a gap around the crown 
by a trepanning, or similar operation to ac 
commodate the coil or moving part of a sound 
reproducing or transmitting apparatus, the 
block thus formed with the E. gap being 
subjected to a hardening operation and sub 
sequently magnetized. In a g unit 
thus made, and having the gap formed as 
above stated there are no mechanical joints. 
and thus the full magneto-motive force of 
the magnet steel is available right up to the 

casting the unit with a 
uced by mechanical joints. In this case 
ap, unhindered by any reluctances intro 

however as the unit is composed of magnet 
steel alone, the magnetic flux density, obtain 
able at the gap is limited by the permeability. 
of the magnet steel, but if the unit is made. 
so that the poles at the opposite sides of the 
gap are provided with material of higher 
permeability than the magnet steel (for ex 

and a permanent magnet unit obtained of a 
strength comparable with that of electro 
magnet units as now commonly employed, 
especially if the poles are shaped so that their 
cross sectional area decreases in the direction 
of the gap and it is a feature of our invention 
to thus make the said poles. 
In the case where the block is cast in one 

with a number of loop-like limbs (two, four 
or six, for example) integral with the crown, 
they may radiate from the base and crown 
of a common or central pole-piece forming 
part of what has been termed above the body 
portion, which is preferably circular in cross 
section, the adjacent ends of the loop-like 
limbs being separated from the crown by the 
aforesaid trepanning or similar operation so 
that they are curved in conformity there 
with to form a number of segmental E be 
tween the crown and the adjacent en 

e 

of the 
limbs. It is preferable however, that the 
block be so cast and the trepanning or simi 
lar operation be so performed that the adja 
cent ends of the limbs remain united together 
by a web of metal forming an integral part of 
the casting so that the central pole-piece is 
surrounded by metal constituting the outer 
waii of a continuous circular gap with the 
result that the magnetic flux is substantially 

rs 

equalized around the whole of the gap. The 
web of metal moreover prevents the loop 
like limbs from becoming distorted especial ly during hardening or operations subsequent 
to the casting, which might occur, and to dif 
ferent extents, if no web of metal were pres 
ent. Instead of forming the circular gap by 
trepanning as aforesaid it may be formed by 
crown and the adjacentends of the limbs 
for soft iron 
form the gap. - . - . . . 

In the casewhere the unit has only a single 
loop-like limb, as it may have, e 
where lightness is a desideratum, the 
tion of the metal, around EEEE, 

space between the 

pole pieces suitably shaped to 

y. 

which the imbextends outwardy (whether - . 
ample soft iron or cobalt iron and herein cast of magnet steel or of magnet steel and . . 

so after referred to in the specification and soft iron) may be separated therefrom by too 



2 

the aforesaid trepanning or similar opera 
tion to form a circular F. surrounding the 
crown, the outer wall of said gap being con 
tinuous; or the circular gap may be formed 
by casting the unit with the crown and the 
adjacentends of the limbs separate and pro 
viding them with soft iron pole pieces suit 

- ably shaped to form the gap. 
t is desirable that in all cases the E. 

0 gate cross-sectional area of the individual 
limbs or the cross-sectional area of the single 
area of the common pole piece. 
The magnet steel used is preferably a high 

We do not however confine ourselves to the 
use of this steel as other magnet steels suit 
magnets may be employed. 

to In order that the said invention may be 

effect, the same will now be more fully de 
drawings in which:- 

25 Fi - 

and a vertical section on the line 2-2 of 5. ure 1 showing one form of the metal bloc 

ing formed with the gap, and 
O i 3 and 4 are similar views show 

the gap. 
Figures 5 and 6 are vertical sections show 

as magnet steel and soft iron, before and after respectively. 

as cast for use with soft iron pole pieces 
and 

Figure 7, but with the soft iron pole pieces 
shown separate from the block and also i 

as ing the block after it has been fitted with 
igures 11 and 12 are respectively a plan 

and a vertical section on the line 12-12 of 

... 60 ble having a single loo ...'. 

unit should be equal to the cross-sectional 

is percentage cobalt steel (9% to 35% cobalt). 

able for the manufacture of permanent 

clearly understood and readily carried into 

scribed with reference to the accompanying 
gures 1 and 2 are respectively a 

cast wholly of magnet steel and prior to be 

ing the block after it has been formed with 

ing a metal block cast in two metals viz. 
trepanning of the ga. 
E. a plan EE the metal block 

40 Figure 8 is a section on the line 8-8 of 

section. . . . 

9 and 10 are similar views show 

the pole pieces. E. 
Figure 11 showing the gapped cast metal 

SE limb. . . 
gures 13 and 14 are respectively a plan 

and a side elevation of a tool suitable for 
use in forming the gap in the cast metal 
blocks by a trepanning operation, and 

SS Figure 15 is an enlarged plan view of a 
portion of the tool shown in Figure 13. 

n Egy 1 to 4, A, A are the loop-like 
limbs of the cast metal block which extend 
radially from the base A and crown A of the 

no body portion or central pole-piece A with 
which they form an integral or mechani 
cally jointless part,F. to the formation 
of the gap B 1 and 2) which 
is subsequently effe by a trepanning or 

as similar operati peration as aforesaid, the said 

steel is 
is filled. In the plane of contact of the two 

parts immediately surrounding the gap are 

the diameter of which co 

outerface thereo 
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block then presenting the appearance shown 
by Figures 3 and 4. In the example shown 
the said limbs A are of rectangular cross 
section while the central pole-piece A is cir 
cular in cross-section, and the gap.B. is cir 
cular and concentric with the crown A. 
The metal block illustrated in Figures 5 

70 

and 6 is cast in two metals, one magnet steel, 
and the other soft iron or other material of 
higher permeability than the magnet steel. 
Incasting such a metal block the appro 
priate quantity of one metal is poured into 
the mould and is followed by the second 
metal so that the two metals unite or corn 
bine at their junction during the casting: 
operation as indicated by the cross hatch 
ing in Figures 5 and 6. The metal block 
may be cast in an inverted condition in a 
moulding box by first pouring the molten 
soft iron through a suitable feeding aper 
ture into a central opening in the mould 
until it reaches the requisite height which 
is about one third of the height of the main 
portion of the block. After allowing a time. 
interval to elapse sufficient for the soft iron 
already cast to become in a more or less 
semi-plastic condition the molten magnet 
SE the mould through the ing aperture until the entire mould said fee 

95 

metals indicated by the cross hatching in 
Figures 5 and 6 merging takes place between 
them. After the metals have solidified the 
moulding box is opened and the casting re 
moved. The loop-like limbs A, A, the base. 
A and the central pole piece A, which con 
stitute the bulk or main portion of the block, 
are of magnet steel while the crown A and . 
the adjacent portions of the limbs and web 
are of soft iron. The gap B is trepanned 
in the block in the same manner as in the 
case of the block illustrated in Figures 1 
to 4 after the casting operation so that the 

00 
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of soft iron as shown in Figure 10. 110 It is important that the said gap should be 
in all cases accurately formed and as its width 
will not generally exceed two millimeters, it 
is made after the casting operation and before 
hardening by a trepanning or similar opera- 11 
tion in which a tool like that illustrated by 
Figures 13 to 15 is employed with advantage. 
This tool comprises a number of cutterse so 
carried or mounted on a E. or head Eas. 
to lie on or near the circumference of a circle 

rresponds with that 
of the circular gap B to be made. The cut 
terse are slightly less in width than that of 
the gap to be made and are curved to con- . 
form to the curvature of the gap and the cut- 12 
ting edgese of consecutive cutters are on 
opposite sides (see Figure 13) so that while 
one cutter acts on the inner face of the gap 
under formation, the next cutter acts on the 

and so on. The cutter sup-l3C 

SO 
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port or head E is of cylindrical form carrying 
at one end the cutters and having at the other 
end a tapered portion E for securing 
osition in a lathe or other machine tool. 
he depth of the cutters is such that there is 

at all times a clearance between the top of 
the magnet unit and the bottom of the tool 
support or head, which assists in the clearing 
of the tool from turnings or chips. 

In the arrangement illustrated in Figures 
to 10 the block is cast in the form shown in 

cross section in the lower part of Figure 8, 

5 

20 

25 

... i. e. with the crown and the adjacent ends of 
the limbs separated with a central circular 
opening a and a central pole piece or body 
portion A of reduced length. The inner 
edge of the opening a and the annular face of 
the hollow central pole piece or body portion 
A are machined and the opening in the pole 
piece or body portion reamered out. The 
central pole piece A is provided with a soft 
iron extension piece or body portion a' and 
a soft iron ring a is fitted to the inside of the 
opening a. A concentric stub a' on the ex 
tension piece a enters the hole in the central 
pole piece or body portion, the stub a being 
turned so that it is a slack fit in the aforesaid 
hole and its end being counter-sunk. The 
ring a' also is turned so that it is a press fit 
in the opening a . In order to complete the 
magnet unit the ring is pressed in and the ex 
tension piece is loosely placed in position in 
the opening and a spacing tube of dimensions 
corresponding to those of the gap is placed 

35 
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between them so as to maintain them con 
centric. The unit is then turned upside down 
and placed on a rigid surface and a tool in 
serted through the hole in the central poie 
piece or body portion and given a blow in 
order to expand the stub on the extension 
piece against the wall of the hole to maintain 
it in position. The spacing tube is then 
withdrawn leaving the ring and extension 
piece secured in position. It is to be observed 

55 
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that the ring alies in the same plane as the 
adjacent ends of the loop-like limbs A and the 
associated webs a” and that therefore the 
magnetic lines pass from the block of mag 
netic steel to the soft iron without apprecia 
ble or sharp change of direction. The shape 
of the ring and of the extension piece is such 
that the cross-sectional area through which 
the magnetic lines pass diminishes in a direc 
tion towards the gap, and, as the material is 
one of a permeability which will allow of it, 
the flux density increases accordingly. This 
effect would not be obtained to the same ex 
tent by tapering the pole pieces of a magnet 
composed wholly of magnet steel on account 
of its relatively low permeability as aforesaid. 
In order to obtain the best results magneti 
cally it is desirable that the proportion of 
magnet steel to soft iron should be as high 
as practicable and for the magnet poles to be 
as near as possible to the gap. The weight 

it in 

3 
of soft iron in the arrangement illustrated in 
Figures 7 to 10 is about 10% of that of the 
magnet steel. Similar considerations apply. to the arrangement of Figure 6. 

It is advisable not to reduce the proportion to 
of soft iron to below the aforesaid figure as 
it might then be necessary to reduce the cross 
sectional area so rapidly as to be likely to lead 
to a leakage of magnetic lines. The soft iron 
pole piece or pieces should be so associated to 
with the end or ends of the loop-like limbs 
or with the centralpole piece or body portion 
that they form virtually an extension thereof, 
that is to say, they formineffect a continua 
tion and are not, for example, secured thereto 80 
in an overlapping manner. In the case of the 
arrangement illustrated in Figures to 10 
for example the soft iron ring a' is for this . purpose inserted in the circular opening a in 
such a manner that it does not unduly pro 
trude either above or below the adjacent ends 
of the loop-like limbs. 
The magnetizing, which is carried out after 

the gap has been formed and the block hard 
ened, may be effected in any suitable manner. 

In the example shown by Figures 11 and 12 
the gapped cast metal block consists of a 
single loop-like limb. A one end of which ex 
tends from the base A of the cylindrical 
body portion or pole-piece A and the other 
end of which is of ring-like formation sur 
rounding the crown of the pole piece or body 
portion A and constituting a continuous out 
er wall a’ of the circular gap B. A unit of 
this form may be made from a metal block 
cast of two metals, or from one, having sep 
arate pole pieces of soft iron associated there 
with, as in the case of a metal block of the 
form having a number of loop-like limbs. 

It is to be understood that the term “mag 
net block” referred to in the appended claims 
is intended to include not only a permanent 
magnet but also a block for use in the manu 
facture of a permanent magnet. 
What we claim and desire to secure by Let 

ters Patent of the United States is:- 
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1. A magnet block of permanent magnet 

steel and having a body portion and includ 
ing a loop-like limb extending outwardly or 
radially from the base of the body portion of 
which it forms an integral or mechanically 
jointless part and inwardly towards the crown 
of the body portion, and a 
crown of said body portion. s: 

2. A magnet block of permanent magnet 
gap around the 

steel and having a body portion, a plurality. 
of loop-like limbs extending outwardly or 
radially from the base of the body, portion 

116 

of which they form an integral or mechani 
cally jointless part and inwardly towards the 
crown of the body portion and a gap around 
the crown of said body portion. . . / 

3. A magnet block of permanent magnet. 
steel comprising a body portion and includ ingaloofinitiating outwariyao 

125. 
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radially from the base and crown of the body 
portion of which it forms an integral or me. 
chanically jointless part and a continuous gap 
around the crown of the body portion. 

:) 

. . a loop 
is 

4. A magnet block of permanent magnet 
steel comprising a body portion, a plurality 
of loop-like limbs extending outwardly or 
radially from the base and crown of the body 
portion of which they form an integral or 
mechanically jointless part. 

5. A magnet block of cast metal consisting 
mainly of magnet steel and partly of soft iron 
and comprising a body portion and including 

ike limb extending outwardly or ra 
dially from the base of the body portion of 
which it forms an integral or mechanically 
jointless part and inwardly, towards the 
crown of the body portion and a gap in said 

20 

block in that part consisting of soft iron. 
6. A block foramagnet of permanent mag 

net steel comprising a body portion and a 
plurality of loop-like limbs extending out 

ly or radially from the base and upwardly 

35 

40 
wardly or radially 

wardly or radially from the base of the body 
portion of which they form an integral part 
and inwardly towards the crown of the body 
portion where they are joined by integral 
webs. 

7. A block for a magnet of permanent 
magnet steel comprising a body portion hav 

sing a lower basepart and anipper crown 
part and a loop-like limb extending outward 
towards the crown of the body portion of 
which it forms an integral or mechanically 
jointless part, the metal of the end of the 
limb adjacent to the crown forming an ex 
tension surrounding the latter. . . . 

8. A magnet block of permanent magnet 
steel comprising a body portion having a 
lower base part and an upper crown part 
and including a loop-like limb extending out 

om the base of the body 
portion of which it forms an integral part 
and inwardly towards the crown and sepa rated pole pieces of soft iron interposed E. 
tween the crown and the end of the limb. 

9. A magnet block of permanent steel com 
prising a body portion having a lower base 
part and an upper crown part and a plu 
rality of loop-like limbs extending outward 
ly or radially from the base of the body por 
tion of which they form E. part 
and inwardly towards the crown of the body 
portion and separated pole pieces of soft iron 
interposed between the crown and the ends 

- of the limbs. . . . . 
10. The manufacture of a permanent mag 

net or magnet unit which consists in casting 
a block of magnet steel integral with a lium 
ber of loop-like limbs extending outwardly 
or radially from the base of a body portion 
and inwardly towards the crown thereof, 
forming said block with a gap around the 
crownt E. a machining operation, sub 
jecting the block thus formed with said gap 

16. A magnet block steel comprising a body portion and includ 
a loop-like limb extending outwardly or . 

so that the magnetic 

1875,004 

to a hardening operation, inserting soft iron 
pole pieces in said gap and subsequently mag 
netizing the block. 

11. A magnet 
ing mainly of permanent magnet steel and 

block of cast metal consist 
70 

partly of soft iron and comprising, a body 
portion having a lower base part and an up 
per, crown part and including a loop like limb extending outwardly or radially from 
the base of the body portion of which it 
forms an integral or mechanically jointless 
part and inwardly towards the crown of the 

75 

body portion where it isjoined by an integral 
web and a gap in said blockin that part con 
sisting of soft iron. 

12. A magnet block of permanent magnet 
steel comprising a body portion having a 
lower base part and an upper crown part and including a loop-like limb extending out 
wardly or radially from the base of the body 85 portion of which it forms an integral part ... 
and inwardly towards the crown and a pole 
piece of soft iron interposed between the 
crown and the end of the limb. 

13. A magnet block of permanent magnet 
steel comprising a body portion having a low 
er base part and an upper crown part and in 
cluding a loop-like limb extending outward 
ly or radially from the base of the body port 
tion of which it forms an integral part and 
inwardly towards the crown and separated pole pieces consisting of a ring and of an 
extension piece interposed between the crown 
and the end of the limb. 

14. A magnet block of permanent magnet 
steel comprising a body portion having a low 
er base part and an upper crown part and 
wardly or ridially from the base of the body 
portion of which it forms an integral part 
and inwardly towards the crown and a single 
shaped member of soft iron interposed be 
tween the end of the limb and the crown 
and having an air gap therein. '. 

15. A magnet block of permanent magnet 
steel comprising a body portion and includ ing a loop-like limb extending outwardly or 
radially 
of which it forms an integral part and in 
wardly towards the crown and a pole piece 
of softiron interposed between the crown and 
the end of the limb the proportion by weight 

95 

00 

including a loop-like limb extending out 
05 

O 

m the base of the body portion 
15 

of magnet steel to that of iron being about 
ten to one. . . . . 

of permanent magnet. 20 

radially from the base of the body portion 
of which it forms an integral or mechani 
cally jointless E. and inwardly towards the 
crown of the body 
pole piece interposed between the end of the 
limb and the crown the soft iron portion be 
ing arranged relatively. to the magnet steel 

lines pass from the mag 

25 
rtion and a soft iron : 

130. 
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net steel to the soft iron without any abrupt 
change of direction. 
1. A magnet block of permanent magnet 

steel comprising a body portion and includ sing a loop-like limb extending outwardly 
or radially from the base of the body, pot 
tion of which it forms an integral or mechani 
cally jointless E. and inwardly towards the 
crown of the body portion and a soft iron 

O E. piece interposed between the end of the 
imb and the crown so that it forms extensions 
thereof. - . . . . . . 

18. The manufacture of a permanent mag 
. net or magnet unit which consists incasting a 

block of magnet steel with a loop-like limb 
extending outwardly or radially from the 
base of the body portion of which it forms 
an integral or mechanically jointless part, 
and casting the crown of the body portion 

20 and the end of the loop-like limb of soft iron 
so that the two metals unite at their junc 
tion during the ESSEE GEORG ALD LEE HORSBURGH. 

HENRY SWIFT LEVICK. 


