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3 Claims.

This invention relates .to improvements in
magnetic structures and more particularly to
permanent magnets of the lifting or holding type
and has for its object the provision of magnets
of this character having improved characteristics
and which are capable of producing a large at-
tractive force between the magnet poles and a
- relatively movable armature or keeper element.

In a copending application of Eugene W.
Boehne, Serial No. ‘315,982, filed January 27,
1940, and entitled “Magnetic strycture,” which

application is a continuation in part of Boehne

application, Serial No. 248,783, filed December 31,
1938, there is described and broadly claimed a
lifting or holding magnet having annular pole
pieces with a shunt flux path between the two
pole pleces comprising at least one:annular
member of magnetic material separated from the
pole pieces by at least two air gaps. An arma-
ture element in multiple with the shunt flux
path and comprising at least two annular mag-
netic members separated from each other by an
air gap, cooperates with the shunt flux path and
the pole pleces to provide a minimum of four

holding surfaces through which passes in series *

relation the useful magnetic flux. The same flux
is used in a plurality of gaps, instead of the usual
two, and the holding power is greatly increased.

In accordance with the present invention in its
preferred form, we provide a permanent-magnet
element which is preferably composed of a mag-
netic material having a high coercive force and
which is joined to a pair of pole piéces of com-~
paratively high permeability, high saturation,
magnetic material for concentrating the flux of
the magnet in the working air gaps. The mag-
net element -and’ the poles are arranged in a
substantially U-shape magnetic circuit. A fea-
ture of the invention resides in the employment

‘of & segmented shunt flux path comprising at -

least one member of high permeability, high
saturation, magnetic material which is joined to
the pole pieces of the magnet by non-magnetic
-spacer elements one of which is positioned inter-
mediate each pole piece and the member of mag-
netic material. Cooperating with the pole pieces
and this shunt flux path is a relatively movable
multiple armature or keeper element composed of
at least two segments of high permeability, high
saturation, magnetic material which are sepe-
rated by an element of similar non-magnetic ma-
terial. The magnetic segments of the flux pro-
ducing member-including pole pieces and shunt
‘flux path are offset or staggered with respect to
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the magnetic segments of the other member or
armature, so that each magnetic segment makes
contact with or engages the two adjacent mag-
netic segments of the other member. The mag-
netic and non-magnetic members are so dimen-
sioned that the magnetic segments overlap at all
points and the non-magnetic segments of one
of the members are disposed at substantially the
median lines of the opposite magnetic segments
in order that a continuous magnetic circuit
through the magnetic material, as iron, is.-pro-
vided between the pole pleces, except for the
working gaps lying in the plane of engagement
of the members. Of course, where all of the
magnetic segments are of the same size and
where the non-magnetic spacing elements are
also equal in size with respect to each other, the
offset positions of the median lines of all the
magnetic elements will be equally spaced. With
this arrengement the useful flux in passing from
one pole of the magnet to the other pole traverses
a minimum of four working gaps or holding sur-
faces thereby adding greatly to the holding power
or attractive force of the magnet.

The novel features which are characteristic of
our invention are pointed out in the appended
claims. The invention, however, will be under-
stood more readily with reference to the follow-
ing specification when considered in connection
with the accompanying drawing in which Figs. 1
and 2 illustrate respectively perspective and sec-

_ tional elevation views of a holding magnet con-
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structed in accordance with our invention; Fig. 3
is a perspective view of the permanent magnet
element employed in the magnetic structures of
Figs. 1 and 2; Figs. 4 and 5 {llustrate modifica-
tions of holding magnets constructed in accord-
ance with our invention; and Fig. 6 is a8 per-
spective view of the permanent magnet element
employed in the arangement of Fig. 5.

Referring to Figs. 1, 2 and 3 of the drawing, w2
have illustrated a magnetic structure including
& holding magnet assembly 10 positioned be-
tween a supporting member [{ of non-magnetic
material and a supported member 12 of non-
magnetic material for supporting a weight W. 4
short bar. type magnet element 13 of substan-
tially cubical form is mounted in a magnetic cir-
cuif including & pair of pole pieces i4 and {5 ang
& shunt flux carrying path comprising a plurai-
ity of segments |8 separated from the poles of
the magnet and from each other by a series of
gaps or segments 1. The supportmg member is

.provided with a transverse groove 18 within

which are po;itloned the magnet element {3 anc
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should be made quite smooth and all of approxi-
mately the same area so that they produce the
same attractive force on the armature. Inas-
much as the attractive force between two surfaces
in contact or separated by a small air gap is pro-
portional to the product of the square of the flux
density times the area of the air gap, it is ob-
viously advantageous to employ as many work-
ing air gaps as possible and at the same time
operate the permanent magnet at its highest
magnetic eficiency from the standpoint of work-
ing the magnet at that value of flux density which
glves maximum energy. In general, with re-
gard to the optimum number of holding sur-
faces or working air gaps which should be em-
ployed with a given magnet, it may be statéd
that the number of gaps may be increased to ad-
vantage until the attendant increase in reluctance
due to the addition of another gap produces a
drop in the flux density in the working air gaps
without an increase in the total attractive force.

It should also be pointed out that the arrange-
ment of the shunt flux path furnishes a rela-
tively low reluctance leakage path for the flux
produced by the magnet element.i8 when the
armature 22 is drawn away, thereby preventing
the flux density of the magnet from dropping
to as low a value as it otherwise would. Conse-
quently, the flux density rises to a higher value
when the armature is again brought in contact
with the poles and the segments 16, and the pull
is thus increased. .

In Fig. 4 we have shown a modification of the
arrangements of Figs. 1 and 2 in which an addi-
tional path is provided for the magnetic flux
when the armature is .pulled away from the
poles. In the illustrated embodiment a hold-
ing magnet assembly 27 is positioned between
& non-magnetic supporting member 28 and a
non-magnetic supported member 28. A short bar
shaped permanent magnet element 30 of high
" coercive force material i§ positioned between a
pair of high permeability, high saturation, pole
- pieces 3 and 32 which are arranged in a mag-
netic circuit including a shunt fiux- -carrying path
33 havmg a plurality of magnetic segments 34
_separated by non-magnetic spacer elements 385.
As In Figs. 1 and 2 the assembly also inéludes an
armature element- 36 comprising magnetic seg-
ments 37 separated by non-magnetic spacer ele-
ments 38.

The pole pieces 31 and 32 extend beyond the
magnet 30 and extend toward each other in the
same plane to form a fixed air gap 39. This air
gap is so designed with respect to the rest of the
circuit that its reluctance is several times greater
than that of the useful flux path when the arma-
ture is in the attracted position, but it aids in
maintaining the flux density of the magnet at a
relatively high value when the armature element
is moved away from the poles.

The various parts of Fig. 4 may be composed of
the same material as the corresponding parts
described in connection with the arrangements
of Figs. 1 to 3 and they may be secured together
in a like manner.

In Fig.5 we have illustrated a further modifica-
tion of a permanent magnet assembly 39 which
is mounted between a non-magnetic supporting
member 40 and a non-magnetic supported mem-
ber 41. The permanent magnet element 42 is
in this case made substantially U-shape, as in-
dicated clearly in Fig. 6, and is provided with
short pole pieces 43 and 44. While a perma-
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used in some instances, in general we prefer to

. employ magnets of the type shown in {3 and 30
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of Figs. 2 and 4, respectively, since the perma-
nent magnet material is utilized most efficiently
in these arrangements because a shorter path is
taken through the permanent magnet material
thereby avoiding to-such extent the adverse ef-
fect of high reluctance. Furthermore, the flux
lines go directly through the magnet and into the
high permeability pole pieces so that there is no
energy consuming redistribution in the perma-
nent magnet element when the armature is re-
placed.

We have found that holding or lifting magnets
built in accordance with the principles of our in-
vention will lift a weight or overcome a force.
as high as approximately 4500 times the weight

_ of the’'permanent magnet element. Hitherto, in

20

30

35

40

b0

G0

83

1]

nent magnet arranged in this manner may be 75

the construction of magnets the holding power.
has not increased directly in prdportion: to the
magnet size due principally to metallurgical non--
homogeneity and the greater internal reluctance.
with increasing size. These difficulties are large-

ly overcome in the magnetic structure of the
present invention which includes a segmented
shunt flux path and & multiple armature together
with the employment of a novel mounting and an
improved method of securing the magnet in close
engagement with the pole pleces. In accord-
ance with the illustrated arrangement, the use-
ful magnetic flux is concentrated in a plurality
of working air gaps and, further, because of the
improved structural arrangement of the parts.

the leakage is maintained at a low value and the
magnetomotive force is utilized so eficiently that
the holding power may be increased for sup-
porting heavier loads with substantially the same
efficiency by increasing the amount of the per-

manent magnet material employed.

The arrangement of the present invention -
demonstrates that the relatively high available
magnetic energy of high coercive force magnetic
materials such as those described can be-em-
ployed very effectively. Magnets of the charac-
ter described in this specification may be found
particularly useful in those applications where a
tenacious attractive force is required between
two relatively movable magnetic surfaces. )

In accordance with the provisions of the Pat-
ent Statutes, we have described the principle of
operation of our invention together with the ap-
paratus which we now consider the best embodi-
ment thereof, but we ’gesire to have it understood
that the apparatus sHown is only 1llustrative and
that the invention ‘may be carrled out by other
means.

What we claim as new and desire to secure
by Letters Patent of the United States:

1. In a magnet assembly of the Jifting or hold-
ing type, & magnetic circult including a flux pro-
ducing member, said member including a flux
producing element and 4 pair of pole pleces of
high permeability, high saturation magnetic ma-
terial, a segmented shunt member extending be-
tween said pole pieces and comprising at least
one segment of magnetic material separated from
and joined to said pole pieces by segments of
non-magnetic material, said shunt segments and
said pole pieces forming a single plane surface,
a segmented armature element comprising at
least two segments of magnetic material sepa-
rated by and attached to a non-magnetic spac-
ing segment, said armature segments forming a
second single plane surface, said plane surfaces
completely and intimately engaging each otlhier
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when the armature is held against the flux pro-
ducing member, the magnetic segments of each
of said members being offset with respect to the
magnetic segments of the other of said members
in the working positions thereof so that each
magnetic segment makes contact with two adja-
cent magnetic segments of the other, of said
members; said magnetic and non-magnetic seg-
ments- being so dimensioned that the magnetic
segments overlap at all points, the non-mag-
netic segments of each member being disposed
_at substantially the median lines of the opposite
magnetic segments in order that a continuous
magnetic -circuit through the magnetic material
is provided: between saild pole pieces except for
a plurality of working air gaps between the mag-
‘netic segments lying in the plane of engagement
of said members.

2. In a magnetic assembly of the lifting or
holding type, a magnetie ‘circuit including a flux
producing member and an armature member,
said flux producing. member comprising a flux
producmg element and & pair of pole pieces of
high permeability, high saturation magnetic ma-
terial, & segmented member shunting said pole
.pieces and comprising a plurality of segments
of magnetic material separated by spacer seg-
‘'ments of non-magnetic material, non-magnetic
spacer segments also being disposed between the
end-most magnetic segments and the pole pieces,
said shunt segments and said pole pieces form-
ing & single plane surface, said armature ele-
ment comprising a plurality of magnetic seg-
ments separated by non-magnetic spacing seg-
ments, said armature segments forming second
single plane’ surface, said plane surfaces com-
pletely and intimately engaging each other when
the armature is held against the flux producing
member, the magnetic segments of each of said
members. being staggered with respect to .the
magnetic segments of the other of said members
in' the working positions thereof so that each
magnetic segment makes contact with two adja-
cent magnetic segments of the other member, said
magnetic and non-msagnetic segments being so
dimensioned that the magnetic segments overlap
at all points, the non-magnetic segments of
each of.sald members being disposed at sub-
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stantially the median lines of the opposite mag-
netic segments in order that a continuous mag-
netic circuit through -the magnetic material is
provided between said pole pieces except for a
plurality of working air gaps between magnetic
segments lying in the plane of engagement of
said members. '

3. In combination in a magnetic structure, a
magnetic circuit including a flux producing mem-
ber and an armature member, said fiux pro-
ducing member comprising a substantially U-
shaped device including & permanent magnet
element and & pair of pole pieces of relatively
high permeability, high saturation magnetic ma-
terial, a segmented member shunting said pole
pieces and comprising a plurality of segments of
magnetic material separated by spacer segments
of non-magnetic material, non-magnetic spacer
segments also being disposed between the end-

" most magnetic segments and the pole pieces,

said shunt segments and said pole pieces forming _
a single plane surface, said armature element
comprising a plurality of magnetic segments sep-

"arated by non-magnetic spacing segments, said

srmature segments forming a second single plane
surfdce, said plane surfaces completely and in-
timately engaging each other when the armature
is held against the flux producing member, the
magnetic segments of each of said members be-
ing staggered with respect to the magnetic seg-
ments of the other of said members in the work-
ing positions thereof so that each magnetic seg-
ment makes contact with two adjacent magnetic
segments of the other member, said magnetic
and non-magnetic segments being so dimen-
sioned that tHe magnetic segments overlap at
all points, the non-magnetic segments of each
of said members being disposed at substantially
the median lines of the opposite magnetic seg-
ments in order that a continuous magnetic cir-

" cuit through the magnetic material is provided

between said pole pieces except for a plurality
of working air gaps between magnetic segments

.lying in the plafie of engagement of said mem-

bers.
CLIFFORD A.. NICKLE.
‘GOODWIN H. HOWE.
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