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1. 

3,095,525 
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5 Claims. (C. 317-159) 

This invention relates to a permanent magnet assembly 
and more particularly to a magnet assembly employing 
permanent magnetic material having a short length and 
comparatively large cross sectional area, 
Although not limited thereto, the present invention finds 

particular application with permanent magnetic materials, 
such as sintered BaO.6FeO, which have a very great re 
sistance to demagnetization. Efficient assembly designs 
for such types of magnetic materials require magnets hav 
ing a short length and comparatively large cross sectional 
area, the large cross sectional ends being the poles of the 
magnet. As will be understood, such large cross sectional 
poles are required since the flux density of the material is 
lower than in conventional materials; and, hence, a greater 
area is required to achieve a given number of flux lines. 

In order to utilize a permanent magnet most efficiently, 
a soft iron shunt path is provided between its poles, the 
shunt path having an air-gap at one point along its length. 
With this arrangement, the reluctance of the shunt path 
will be greater than that through a solid magnetically 
permeable object which comes into contact with the poles, 
so that almost all the flux will flow through the object 
rather than the shunt path while the magnet is in use. In 
the usual case, the shunt path referred to above takes the 
form of a pair of low carbon steel bars or pole pieces, 
each of which is in contact with a respective pole of the 
magnet and separated by an air-gap designed to give opti 
mum results. The bars also serve to direct the magnetic 
flux of the magnet to points where it can be most effec 
tively used. 

Certain permanent magnetic materials require that the 
magnet have a short length and relatively large cross sec 
tional area. In such cases, conventional shunt path ar 
rangements are undesirable since they result in inability to 
adhere to curved surfaces, excessive length resulting in a 
high center of gravity, and poor spreading of leakage flux 
when used on thin ferromagnetic materials that become 
saturated. 

It is an object of this invention to provide a new and 
improved permanent magnet assembly. 
More specifically, it is an object of this invention to pro 

vide a permanent magnet construction employing a thin 
flat magnet which has a very great resistance to demagne 
tization. 
Another object of the invention is to provide a novel 

magnetic shunt path configuration for use with permanent 
magnetic materials. 
The above and other objects and features of the inven 

tion will become apparent from the following detailed de 
scription, taken in connection with the accompanying 
drawings which form a part of this specification and in 
which: 
FIGURE 1 is a graph illustrating the demagnetization 

curves of a conventional anisotropic aluminum-nickel-co 
balt-copper-iron base permanent magnetic material and 
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the highly coercive permanent magnetic materials with 
which the present invention is particularly adapted; 

FIGS. 2 and 3 are sectional views illustrating the prior 
art construction of permanent magnets utilizing con 
ventional anisotropic aluminum-nickel-cobalt-copper-iron 
base permanent magnetic material; 

FIGS. 4 and 5 are sectional views of permanent mag 
nets employing the highly coercive permanent magnetic 
material of the present invention, but constructed in ac 
cordance with the teachings of the prior art; 

FIG. 6 is a sectional view of a permanent magnet con 
structed in accordance with the teachings of the present 
invention and adapted for use in adherence applications; 

FIG. 7 is a view illustrating one use of the present in 
vention; and 

FIG. 8 is a view illustrating an application of the pres 
ent invention in a motor armature assembly. 

Referring to FIG. 1, the demagnetization curves of vari 
ous types of permanent magnets are shown. Curve I is 
representative of the family of permanent magnets having 
an aluminum-nickel-cobalt-copper-iron base composition; 
whereas, curves II and III are representative of the highly 
coercive permanent magnetic material of the present in 
vention. The magnetic material represented by curves II 
and III may consist, for example, of non-cubic crystals of 
a material selected from a group consisting of MO.6FeO, 
where M is at least one of the metals selected from the 
group consisting of barium, strontium and lead. In the 
graph, the quantity B represents flux density or lines of 
flux per square centimeter of magnet cross sectional area 
and is measured in gauss. The quantity -H represents 
the applied demagnetizing force on the magnetic material 
and is measured in oersteds per centimeter of length. 

It can be seen that in the aluminum-nickel-cobalt-cop 
per-iron family of permanent magnets, the flux density re 
mains constant at a high value and then drops off sud 
denly at a relatively low demagnetizing force. The mag 
netic materials utilized in the present invention, on the 
other hand, do not have as great a maximum value of flux 
density, but resist demagnetization much better than the 
group represented by curve I. In this respect, it takes a 
greater demagnetizing force to reduce the maximum value 
of flux density to, say, one-half of its original value than 
it did in the case of the aluminum-nickel-cobalt-copper 
iron group. Since the flux density of permanent magnetic 
materials having demagnetization curve II is much less 
than those having curve I, it follows that the pole faces of 
magnets in the former group must have a greater area 
than those in the latter. That is, the pole faces of perma 
ment magnets having a relatively low flux density for a 
given magnetizing force must be larger than those having 
a larger flux density for the same magnetizing force in 
order to produce the same number of flux lines. 

Referring to FIGS. 2 and 3, typical assemblies are 
shown for permanent magnetic materials characterized by 
demagnetization curve I of FIG. 1. In FIG. 2, the as 
sembly comprises a bar 10 of permanent magnetic mate 
rial magnetized in the direction of the arrow. Two pieces 
12 and 14 of soft, low carbon steel are affixed to the north 
and south poles of the bar 10, the soft steel pieces being 
L-shaped and separated by a shunt gap 16. The ends of 
the bars removed from gap 16 project from the body of 
bar 10 and serve to direct the magnetic flux from the bar 
to points where it can be effectively used. In the assem 
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bly of FIG. 2, and in all of the assemblies hereinafter de 
scribed, the pieces 12 and 14 may be attached to bar 10 
by rivets, bolts, adhesives, plastics or any other suitable 
fastening means. 
As it is well known, the path provided by the upper 

portions of pieces 12 and 14 and the shunt gap 16 is nec 
essary to utilize the magnet most efficiently. It is, of 
course, necessary that the length of gap 16 be greater than 
the sum total of the gaps between the magnet poles and a 
magnetically permeable object while the magnet is in use. 
In magnet assemblies for static applications the length, 
cross section, and volume of permanent magnets charac 
terized by demagnetization curves I and III can be deter 
mined by the following equations: 

(1) A m = FBg AgfBm. 

(3) Vn = Bn Han 

where, for example, from FIG. 2 
Am is the cross sectional area of magnet 10; 
Ln is the length of magnet 10; 
F and fare leakage constants determined by the character 

istics of the magnetic circuit; 
Bg is the flux density in the shunt gap 16; 
Ag is the area of shunt gap 16; 
Bn is the flux density of magnet 10; 
Hm is the magnetizing force of magnet 10; 
Wm is the volume of magnet 10; and 
Vg is the volume of shunt gap 16. 

It is evident from Equation 3 above that the volume of 
magnetic material in magnet 10 needed to supply the flux 
density Bg to the shunt gap 16 is inversely proportional 
to the product of B and H of the magnet at its operating 
point, and that this value will be a minimum when the 
product is a maximum. Furthermore, in order to operate 
at this point, the length of gap 16 must fall within a criti 
cal range. In view of the foregoing, the Bin and Him of 
the magnet 10 will correspond to B and H of demag 
netization curve I at its maximum energy product (BH) 
aX 
It is also evident from Equations 1 and 2 that a magnet 

material having a characteristic demagnetization curve 
III will have a relatively large cross section and short 
length as compared to a magnet with properties shown 
by curve I. 

In the case of a permanent magnet having essentially 
the straight line demagnetization curve II, the shunt gap 
length may be designed so as to be appreciably greater 
than the sum total of the gaps between the magnet poles 
and a magnetically permeable object while the magnet is 
in use. This is permitted since recovery on use is effected 
very nearly along the demagnetization curve. This char 
acteristic type of recovery also permits designing magnets 
with a shorter length, i.e., below the (BH) max. point of 
curve II. 

Referring again to FIG. 2, the assembly shown may be 
used to hold on to either flat or curved surfaces. It is 
also adapted to firmly hold on to thin ferromagnetic 
materials that become saturated due to the spreading out 
of the leakage flux. In FIG. 3, the assembly includes a 
bar 18 magnetized in the direction of the arrow. In this 
case, however, the shunt path for the magnetic flux com 
prises a C-shaped soft iron member 20 which is separated 
from the core 18 by air gaps 22 and 24. In this case, 
the air gaps 22 and 24 serve the same function as gap 16 
in FIG. 2 and are designed in accordance with the first 
and second equations outlined above to give maximum flux 
density across the air gaps 22 and 24 for a minimum vol 
ume of magentic material. Although the assembly of 
FIG. 3 is suitable for use as a holding device on flat sur 
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4. 
faces where intimate contact with a ferromagnetic body 
is achieved, it is totally inadequate for curved surfaces. 
As was stated above, efficient assembly designs for 

magnetic asesmblies employing permanent magnets having 
the magnetization curve II or III require magnets having 
a short length and comparatively larg ross sectional 
area. If the permanent magnets having a short length 
and large cross sectional area are constructed in accord 
ance with the previous designs illustrated 11 FIGS. 2 and 
3, the arrangement shown in FIGS. 4 and 5 will result. 
The arrangement of FIG. 4 corresponds to that shown in 
FIG. 3 and comprises a bar 26 of magnic material, mag 
netized in the direction of the arrow; and provided with 
a C-shaped soft steel member 28 to provide a shunt path. 
As was the case in FIG. 3, the member 28 is separated 
from the bar 26 by air gaps 30 and 32. The difficulty with 
this assembly, however, is that it is satisfactory for ad 
herence to flat surfaces only where intimate contact is 
realized. 

In FIG. 5, the assembly shown corresponds to that of 
FIG. 2. Here, the flat bar 34 is magnetized in the direc 
tion of the arrow and is provided with two low carbon, 
soft steel members 36 and 38. The air gap between 
members 36 and 38 is provided at 40, and the poles of 
the magnet are at 42 and 44. Although this assembly 
is suitable for holding to both flat surfaces and curved 
surfaces having a small radius, it is impractical for most 
applications due to its height, high center of gravity, and 
poor spreading of leakage flux when used on thin ferro 
magnetic materials that become saturated. 

Since the conventional magnet designs of FIGS. 4 and 5 
are unsuitable in many applications for permanent mag 
netic materials having a demagnetization curve repre 
sented by curve II or III of FIG. 1, the present invention 
shown in FIG. 6 was devised. In this case, a thin flat 
member 46 of permanent magnetic material is again mag 
netized in the direction of the arrow. In this case, how 
ever, the two soft iron members 48 and 50 are L-shaped 
in cross section. One leg of the cross section of member 
50 extends across one pole face of bar 46, and its other 
leg extends outwardly from the pole face of the magnet 
adjacent to one edge. The other member 48 likewise has 
its one leg extending across the opposite pole face of 
member 46. In this case, however, the remaining leg 
of member 48 extends over the edge of member 46 in a 
direction parallel to the outwardly extending leg of mem 
ber 50. An air gap 52 is left between the left extremity 
of member 50 and the downwardly extended leg of mem 
ber 48, this air gap 52 serving the same function as air 
gap 16 in FIG. 2. 

It is apparent that the assembly of FIG. 6 can be readily 
used as a holding device on curved ferromagnetic sur 
faces, whereas the assembly of FIG. 4 cannot. Further 
more, it has a low center of gravity which permits better 
magnetic adherence to inclined surfaces, particularly in 
the vertical plane, than the assembly of FIG. 5. This 
feature is shown in FIG. 7, where the assemblies of FIGS. 
5 and 6 are employed to hold a circular member 54 to a 
vertical ferromagnetic member 56. In the case of the 
assembly of FIG. 5, a relatively long cantilever arm ex 
tends between members 54 and 56; and, since the length 
l, between the poles of the magnet is much shorter than 
the cantilever arm, the adherence of the magnet must be 
many times the weight of member 54. When the assemi 
bly of the present invention is used, however, the canti 
lever arm is much shorter and the length l, between the 
poles much larger, so that a magnet having a smaller ad 
herence force is required for a given weight of member 54. 

Still another advantage of the present invention resides 
in the fact that it has better magnetic adherence to thin 
ferromagnetic curved surfaces than either of the assem 
blies of FIGS. 4 and 5, since the leakage flux spreads 
out over a larger area; and intimate contact is not required 
between the poles. 

If the permanent magnet construction of FIG. 6 em 
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ploys magnetic material having the characteristic demag 
netization curve III of FIG. 1, the length of gap 52 may 
be designed in accordance with the equations: 

in order to operate at its maximum energy product (BH 
max.) or above this point, depending upon the particular 
environmental conditions under which the assembly must 
operate. Optimum efficiency is obtained when using the 
magnetic material of curve III by magnetizing the mem 
ber 46 after assembly. If the assembly of FIG. 6 employs 
permanent magnetic material having demagnetization 
curve II, however, the length of gap 52 is not critical 
since recovery is effected essentially along the slope of 
the demagnetization curve. That is, since the curve II 
is substantially a straight line, the product of B and H 
is essentially constant at all points along the curve; and 
the length of the gap may vary without affecting per 
formance provided it is not less than the sum total of 
the gaps between the magnet poles and a magnetically 
permeable object while the magnet is in use, Furthermore 
the member 46 may be magnetized before assembly when 
employing material having the demagnetization curve II. 
The novel assembly of FIG. 6 can also be used in other 

applications such as polarized relays, magnetos, tachom 
eters, generators, motors, and the like. In this respect, 
the narrow width of the invention makes it particularly 
desirable in a magneto flywheel or rotor. 
The assembly of FIG. 8 employs permanent magnetic 

material characterized by curve II or III of FIG. 1, and 
is similar in construction to that of FIG. 6. In this case, 
however, the members 58 and 60 are etxended and used 
as a motor armature. The short width of the magnet 62 
makes the arrangement especially adaptable to compact 
designs. 

Although the invention has been shown in connection 
with a certain specific embodiment, it will be readily ap 
parent to those skilled in the art that various changes in 
form and arrangement of parts may be made to suit re 
quirements without departing from the spirit and scope 
of the invention. 

I claim as my invention: 
1. A magnetic circuit having at least one air gap there 

in comprising a permanent magnet in the form of a rec 
tangular parallelepiped having a short length and large 
cross sectional area, said magnet being magnetized along an 
axis parallel to said short length and having poles on its 
opposite large cross sectional area surfaces, first and sec 
ond ferromagnetic parts each having an L-shaped cross 
section with one leg of the cross section abutting a respec 
tive pole surface of said magnet, the other leg of the cross 
section of said first ferromagnetic part being substantially 
shorter than its said one leg and extending outwardly from 
an edge of its associated pole surface, and the other leg 
of the cross section of said second ferromagnetic part 
being substantially shorter than its said one leg and ex 
tending along an opposite side of the permanent magnet 
which is parallel to said short length, said other leg of 
the second ferromagnetic part being spaced from said last 
mentioned side and said first ferromagnetic part to form an 
air gap therebetween and being equal in length to the out 
wardly extended perpendicular distance from the per 
manent magnet surface abutted by said one leg of the 
second ferromagnetic part to the terminus of said other 
leg of the first ferromagnetic part, thereby defining con 
tacts for effecting adherence to a metallic surface. 

2. A magnetic circuit adapted to attach to an article 
of manufacture to adhere to a metallic surface while at 
tached to said article of manufacture, said magnetic 
circuit having at least one air gap therein comprising a 
flat permanent magnet having a short length and large 
cross sectional area, said magnet being magnetized along 
an axis parallel to said short length and having poles on 
its opposite large cross sectional area surfaces, said magnet 
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6 
consisting essentially of non-cubic crystals of a material 
from the group consisting of MO.6FeO3, M being at least 
one of the metals selected from the group consisting of 
barium, strontium and lead, first and second ferromagnetic 
parts each having a first portion abutting a respective pole 
surface of said permanent magnet and a second portion 
substantially shorter than its said first portion, said first 
ferromagnetic part having a second portion which extends 
outwardly from its associated pole surface, and said 
second ferromagnetic part having a second portion which 
extends over the edge of its associated pole surface and 
adjacent an opposite side of said permanent magnet where 
by the extremities of said second portions are each adjacent 
the same one of said pole surfaces and constitute contact 
points for adherence to a metallic surface, said second por 
tion of the second ferromagnetic part being equal in 
length to the sum of said short length of the permanent 
magnet, the thickness of said first portion of the first 
ferromagnetic part, and the length of said second portion 
of the first ferromagnetic part. 

3. A magnetic circuit adapted to attach to an article of 
manufacture and to adhere to a metallic surface while 
attached to said article of manufacture, said magnetic 
circuit having at least one air gap therein comprising a 
flat permanent magnet having a substantially smaller 
dimension in one direction than dimensions at right angles 
thereto whereby the magnet has a short length and large 
cross sectional area, said magnet being magnetized along 
an axis parallel to the direction of the smaller dimension 
of said magnet and having poles on its opposite large cross 
sectional area surfaces, first and second ferromagnetic 
parts each having an L-shaped cross section with one leg 
of each cross section abuting the entirety of a respective 
pole surface of the permanent magnet, the other leg of 
the cross section of said first ferromagnetic part being 
substantially shorter than and integral with its said one 
leg and extending outwardly from its associated pole sur 
face in a direction substantially parallel to the direction of 
the smaller dimension of said magnet, and the other leg 
of the cross section of said second ferromagnetic part 
being substantially shorter than and integral with its said 
one leg and extending parallel to said other leg of the first 
part and adjacent an opposite side of the permanent mag 
net which extends along the direction of the smaller 
dimension of said magnet, said other leg of the second 
part being spaced from said last-mentioned side and said 
first part to form an air gap therebetween and said other 
legs of said first and second ferromagnetic parts terminat 
ing at points lying in a plane perpendicular to the smaller 
dimension of said magnet thereby defining contact points 
for adherence to a metallic surface. 

4. A magnetic circuit having at least one air gap therein 
comprising 

a flat permanent magnet having a short length and large 
cross sectional area, said magnet being magnetized 
along an axis parallel to said short length and having 
poles on its opposite large cross sectional area faces, 

first and second ferromagnetic parts each having a first 
portion which abuts a respective pole surface of said 
magnet, 

said first ferromagnetic part having a second portion 
which extends outwardly from an edge of its asso 
ciated pole surface and perpendicular to said pole sur 
face for a distance substantially less than the length 
of said first portion of the first ferromagnetic part 
and thence substantially semicircularly outwardly, 

said second ferromagnetic part having a second por 
tion which extends over an edge of its associated 
pole surface adjacent to an opposite side of said mag 
net and perpendicular to said associated pole surface, 

said second portion of said second ferromagnetic 
part extending for a distance equal to the sum of 

(a) said short length of said magnet, 
(b) the thickness of said first portion of said 

first ferromagnetic part, and 
(c) the length of said second portion of said 
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first ferromagnetic part which extends per 
pendicularly outwardly from an edge of its 
associated pole surface 

and thence substantially semicircularly outwardly, 
said substantially semicircular portions of said second 

portions of said first and second ferromagnetic parts 
being concave inwardly of each other and adapted 
to be employed as pole pieces of a direct-current 
motor, 

said second portion of said second ferromagnetic part 
extending in the direction of said second portion of 
said first ferromagnetic part and being spaced from 
said last-mentioned side of said magnet and said first 
portion of said first ferromagnetic part to form an air 
gap therebetween. 

5. An article of manufacture comprising, in combina 
tion, a flat permanent magnet having a substantially 
smaller dimension in one direction than dimensions at 
right angles thereto whereby the magnet has a short length 
and large cross sectional area, said magnet being magnet 
ized along an axis parallel to the direction of the smaller 
dimension of said magnet and having poles on its opposite 
large cross sectional area surfaces, a first integral L-shaped 

0 

8 
ferromagnetic member having one leg affixed to one of 
said large cross sectional area surfaces and a substantially 
shorter other leg extending outwardly from said one sur 
face, and a second integral L-shaped ferromagnetic mem 
ber having one leg affixed to the other of said large cross 
sectional area surfaces and a substantially shorter other 
leg extending over an opposite edge of said magnet and 
parallel to said other leg of said first ferromagnetic mem 
ber, said one leg of the first ferromagnetic member being 
spaced from said other leg of the second ferromagnetic 
member to provide an air gap therebetween whereby the 
extremities of said other legs are both adjacent one of the 
large cross sectional area surfaces of said magnet and are 
adapted to effect adherence of said article of manufacture 

15 to a metallic surface. 
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