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57 ABSTRACT 

The armature of an electromagnet moves axially in 
two coaxial, annular pole pieces axially separated by 
the coil of the magnet when the coil is energized. In 
another electromagnet, radially projecting pole pieces 
of a rotor may be aligned simultaneously with corre 
sponding pole pieces equiangularly spaced on the sta 
tor against the restraint of a return spring when the 
stator pole pieces are excited by an energized coil. 

10 Claims, 15 Drawing Figures 
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1. 

SOLENOID MAGNET 

This invention relates to electromagnetic driving ap 
paratus, and particularly to apparatus in which a force 
of attraction is exerted on an armature when a core is 5 
excited by current flowing in a coil. 

In conventional electromagnetic devices in which an 
armature moves linearily toward and away from a core, 
the force of attraction is smallest initially when the ar 
mature is farthest from the core and greatest when the 10 
armature is nearest the core at the end of its movement. 
If the attracted armature abuttingly engages the core, 
damage to both elements may occur in continued use. 

In known devices, in which the armature rotates 15 
within an enveloping stator toward a position in which 
radially projecting pole pieces of the stator and rotor 
are aligned, the initial force of attraction exerted on the 
armature is not as weak as in the first-described device, 
but greater initial torque than is available in the known 20 
devices would be desirable. 

It is an important object of this invention to provide 
electromagnetic driving apparatus of the general type 
described in which the driving component of the mag 
netic force of attraction is high initially and decreases 25 
almost to zero as the armature reaches the end of its 
stroke. 
Other features, objects, and advantages of this inven 

tion will appear more fully from the following descrip 
tion when considered in connection with the appended 30 
drawing in which: 
FIG. 1 (A) shows a known electromagnet arrange 

ment in section; 
FIG. 1 (B) graphically illustrates the relationship be 

tween the linear displacement of the armature and the 35 
driving magnetic force exerted on the same in the appa 
ratus of FIG. 1 (A); 
FIG. 2 shows an electromagnet arrangement of the 

invention in side elevation and partly in section; 
FIG. 3 is a fragmentary view of another electromag 

net arrangement according to the invention; 
FIG. 4 shows the relationship of armature displace 

ment and magnetic foce in the apparatus of FIG.3 and 
FIG. 9 in the manner of FIG. 1 (B); 
FIG. 5(A) illustrates the stator frame of a rotary mag 

net arrangement of the invention in section on its axis, 

40 

45 

FIG. 5(B) shows the device of FIG. 5(A) in section 
on the line 5-5, 
FIG. 5(C) shows the stator frame of FIG. 5(A) as 

sembled with the associated rotor and exciting coil in 
a corresponding view; 
FIG. 6(A) illustrates the rotor of the apparatus of 

FIG. 5(C); 
FIG. 6(B) shows the same rotor in a view corre 

sponding to FIG. 5(B); 
FIG. 7(A) shows the coil of the apparatus of FIG. 

5(C) partly in elevation and partly in axial section; 
FIG. 7(B) is a plan view of the coil of FIG. 7(A); 
FIG. 8 shows a modified stator and the associated 

rotor in a view corresponding to that of FIG. 5(C); 
FIG. 9 is a perspective view of a modified rotor; and 
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FIG. 10 is a perspective, exploded view of the appa- 65 
ratus of FIG. 5(C). 
The known magnet arrangement shown in FIG. 1 (A) 

has a rod-shaped armature 10 coaxially movable in a 

2 
cylindrical coil 12. The coil is enveloped by a unitary, 
cup-shaped frame 14 of magnetic material. When the 
coil 12 is energized, a cylindrical wall portion 14a and 
a radial end wall 14c of the frame 14 provide a yoke 
connecting an annular flange 14b constituting one pole 
piece of the electromagnet and another pole piece 14e 
which projects centrally from the end wall 14c and is 
formed with a recess 14d shaped to receive one end of 
the armature rod 10. 
The attracted armature 10 strikes the pole piece 14e. 

As is shown in FIG. 1 (B), the force of attraction act 
ing in the direction of movement on the armature 10 in 
the initial position of FIG. 1 (A) is at its minimum value 
and increases until the armature strikes the pole piece 
14e. During extended use of the known device, the en 
gagement faces of the armature 10 and of the pole 
piece 14e are worn and deformed. They may become 
heated sufficiently to make the device inoperative. 
The improved electromagnet arrangement of the in 

vention shown in FIG. 2 avoids this shortcoming. 
The frame of the arrangement is formed by a cylin 

drical, tubular casing 20 of magnetizable material. 
Brackets 22, 24 of non-magnetic material project radi 
ally inward from the axial ends of the casing 20. Two 
axially spaced, annular pole pieces 26, 28 are coaxially 
fastened to the inner face of the casing 20. 
A coil 32 is wound on a cylindrical carrier tube 30 of 

non-magnetic material between radial flanges 30a, 30b. 
The inner diameter of the tube 30 is slightly smaller 
than the corresponding dimension of the pole pieces 
26, 28 which are separated by the coil 32 and the tube 
30. An armature 34 passes coaxially through the casing 
20, through central apertures in the pole pieces 26, 28 
and in the coil 32. It is mounted on non-illustrated 
bearings for axial movement. It consists of a rod 36 car 
rying two annular bodies 38, 40 of magnetizable mate 
rial arranged and dimensioned to be received simulta 
neously in the central openings of the pole pieces 26, 
28 when the coil 32 is energized, as shown in FIG. 2. 
Only the portion of the rod 36 between the annular 
bodies 38, 40 consists of or is coated with magnetizable 
material. A helical compression spring 42 wound about 
the rod 36 between the body 40 and the bracket 24 re 
turns the armature to the rest position partly indicated 
in broken lines when the coil 12 is deenergized. 
The magnetic force of attraction axially exerted on 

the armature 34 is at its maximum in the rest postion 
and decreases as the armature approaches the position 
shown in FIG. 2. 
The rotary electromagnet arrangement of the inven 

tion shown in FIG.3 has a generally cylindrical, tubular 
stator frame 44 of magnetizable material from whose 
inner face four equiangularly spaced integral pole 
pieces 46a - 46d project radially. A generally cylindri 
cal rotor 48 of magnetizable material is coaxially ar 
ranged in the frame 44 and carries four integral pole 
pieces 50a - 50d projecting radially outward and simul 
taneously alignable with the pole pieces of the frame 44 
by angular displacement of the rotor 48. The frame 44 
carries a non-illustrated coil for exciting the pole pieces 
46a - 46d, as will presently become apparent. 
The rotor 48 is biased toward the illustrated position 

by a non-illustrated return spring and turns clockwise, 
as viewed in FIG. 3, through an angle a from the posi 
tion indicated by a broken line P to a position indi 
cated by a broken line P, in which the pole pieces 50a 
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- 50d are radially aligned with the pole pieces 46a '- 
46d, whereupon the rotor stops. 
When the angle a is smaller than the complementary 

angle 6, the rotor 48 is turned clockwise when the sta 
tor is excited. When the angle a is greater than the 
angle (3, the rotor is turned counterclockwise. 
When constant current flows through the non 

illustrated coil of the stator, the circumferential dis 
tance between associated pole pieces of the stator and 
rotor decreases during angular movement of the rotor 
48. As indicated by the line a in FIG. 4, the circumfer 
ential component of the magnetic force exerted on the 
rotor which causes rotation of the rotor has its maxi 
mum value in the illustrated rest postiion and becomes 
Zero when the pole pieces of the stator and rotor are 
aligned in the final position. 
FIGS. 5(A) to 7(B) and FIG 10 illustrate an actual 

embodiment of the rotary electromagnet arrangement 
shown in FIG. 3. Referring initially to FIGS. 5(A) to 
5(C), there is seen a stator 52 consisting of two identi 
cal unitary frame bodies 54 of magnetizable material 
arranged symmetrically relative to the radial plane 5 
5 in FIG. 5(A). Each body 54 has an outer, circumfer 
ential, cylindrical wall portion 56 axially engaging the 
corresponding wall portion of the other body and an 
annular, radial end wall portion 60 axially remote from 
the other body 54. Six pole pieces 58a–58fare equian 
gularly distributed about a central aperture 62 in the 
end wall portion 60. As is best seen in FIG. 10, the pole 
pieces are circumferentially spaced fragments of a cy 
lindrical tube 64 and axially project from each radial 
end wall portion 60 toward axially aligned pole pieces 
on the other wall portion 60, but are axially shorter 
than the wall portions 56. 
The bodies 54 jointly bound an annular cavity S in 

which a coil 70 is received. A rotor 66 is journaled in 
two bearing plates 72 fitted in the openings 62. The 
axial gap d between the adjacent ends of aligned pairs 
of pole pieces of the bodies 54 is greater than the radial 
gap d. between the cylindrical surface p defined by the 
inner circumferential faces of the pole pieces 58a - 58f 
and the corresponding opposite surface qi of the rotor 
66. Axially adjacent the gaps 64a - 64f which circum 
ferentially separate the pole pieces, the thickness d of 
the end wall portion 60 is much smaller than its thick 
ness d between the pole pieces and the cylindrical wall 
portion 56. The magnetic flux fproduced by the ener 
gized coil 70 thus flows almost entirely in the magnetic 
circuit indicated in FIG. 5(C) by a broken line from the 
stator 52 across the gap d into the rotor 66 and back 
through the gap d into the stator. 
As best seen in FIGS. 7(A) and 7(B), the coil 70 has 

an excitation winding 73 on a flanged tube 74 of insu 
lating material. It is fastened in the cavity S in a conven 
tional manner not specifically illustrated. 
The rotor 66 is shown in FIGS. 6(A) and 6(B). It has 

six axially elongated pole pieces 68a to 68f radially pro 
jecting from an integral, cylindrical body portion 69 of 
magnetizable material, and are equiangularly spaced 
for simultaneous radial alignment with the pole pieces 
of the stator 52. Each pole piece on the rotor is axially 
coextensive with two aligned pole pieces of the stator. 
The body portion 69 is mounted on a shaft 67. 

In the modified electromagnet arrangement shown in 
FIG. 8, the rotor 66 is identical with that described 
above, and the stator has two identical frame units 78 
which differ from those of the afore-described embodi 

4 
ment by pole pieces 80 having obliquely inclined faces 
82 which radially bound the cavity S for the non 
illustrated exciting coil. The pole pieces 80 thus taper 
in an axial direction toward each other. This further re 

5 duces leakage of magnetic flux between axially aligned 
pole pieces, provides space for more excitation wind 
ings, and facilitates the removal of the units 78 from a 
mold if they are made by molding. 

In the modified rotor 88 shown in FIG. 9, the pole 
pieces 90 are axially elongated and equiangularly dis 
tributed about the circumference of the rotor body, as 
described above, but the length ws of the leading axial 
edge is smaller than the length w of the trailing axial 
edge so that each pole piece tapers circumferentially. 
As is shown by broken line b in FIG. 4, this modifica 
tion delays the decrease of the torque exerted on the 
rotor as it moves from its rest position to a final position 
of alignment of the pole pieces on the rotor and stator. 

O 

15 

Only preferred embodiment of the electromagnet ar 
rangement of the invention have been described. Modi 
fications will be apparent to those skilled in the art in 
the light of the above teachings, and it is intended to 
cover all changes and modifications of the examples of 
the invention herein chosen for the purpose of the dis 
closure which do not depart from the spirit and scope 
of the appended claims. 
What is claimed is: 
1. A magnet arrangement comprising: 
a. a casing of magnetizable material; 
b. two annular pole pieces having respective, coaxial, 

central openings, said pole pieces being mounted 
on said casing in axially spaced relationship, 

... an annular coil having an excitation winding about 
said axis, said coil being axially interposed between 
said pole pieces and having a central opening axi 
ally aligned with the openings of said pole pieces; 
and 

d. an armature axially slidable in the aligned openings 
of said pole pieces and said coil, said armature in 
cluding 
1. two bodies of magnetizable material dimen 
sioned and arranged to be received simulta 
neously in the central openings of said pole 
pieces when said winding is energized, and 

2. a rod member axially connecting said bodies, a 
portion of said rod member intermediate said 
bodies consisting of magnetizable material. 

2. An arrangement as set forth in claim 1, wherein 
said casing is tubular, said pole pieces being mounted 
on the inner wall of said casing. 

3. A magnet arrangement comprising: 
a. a stator including 

l. An annular frame of magnetizable material, said 
frame having an axis, two axially spaced, radially 
extending end walls, and an outer circumferen 
tial wall connecting said end walls, said end walls 
being formed with respective central openings, 

2. a plurality of pole pieces of magnetizable mate 
rial circumferentially spaced about the central 
opening of each of said end walls and extending 
from the associated end wall toward a pole piece 
on the other end wall, the pole pieces on one end 
wall being axially spaced from the pole pieces on 
the other end wall, said walls and said pole pieces 
jointly bounding an annular cavity, and 
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3, a coil having excitation windings in said cavity; 
and 

b. a rotor mounted for rotation about said axis, said 
rotor including 
1. a body portion of magnetizable material and 
2. a plurality of pole pieces of said material radially 
projecting from said body portion in circumfer 
entially spaced relationship for simultaneous ra 
dial alignment with the pole pieces on said end 
walls. 

4. An arrangement as set forth in claim 3, wherein 
said frame consists essentially of two substantially iden 
tical bodies, each body including one of said end walls 
and an axial portion of said circumferential wall, the 
pole pieces on the end wall of each body being axially 
aligned with the pole pieces on the other body and 
equiangularly spaced about said axis. 

5. An arrangement as set forth in claim 4, wherein 
said pole pieces of said rotor are axially coextensive 
with the pole pieces on both end walls. 

6. An arrangement as set forth in claim 3, wherein 
the axial spacing of the pole pieces on each end wall 
from the pole pieces on the other end wall is greater 
than the radial spacing of the pole pieces of said rotor 
from the pole pieces of said stator during said simulta 
neous radial alignment. 

7. An arrangement as set forth in claim 3, wherein 
the pole pieces on said end walls have respective faces 
opposite said circumferential wall, said faces bounding 
said cavity and being obliquely inclined relative to said 
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6 
axis, and each of the pole pieces on said end walls ta 
pers axially away from the associated end wall. 

8. An arrangement as set forth in claim 3, wherein 
the pole pieces of said rotor are each axially elongated 
and taper circumferentially, 

9. A frame for a magnet arrangement comprising two 
substantially identical, approximately cup-shaped bod 
ies of magnetizable material having a common axis and 
being axially juxtaposed in abutting engagement along 
a plane of symmetry radial relative to said axis, each 
body including 

a. an outer circumferential wall portion axially en 
gaging the corresponding wall portion of the other 
body. 

b. a radially extending wall portion axially remote 
from the other body and formed with a central ap 
erture, and 

c. a plurality of pole pieces projecting axially from 
said end wall toward the pole pieces on the end 
wall of the other body, 
l, said pole pieces being circumferentially spaced 
about said central aperture, 

2. each pole piece being axially aligned with a pole 
piece on the other end wall and axially spaced 
from the axially aligned pole piece. 

10. A frame as set forth in claim 9, wherein said pole 
pieces are equiangularly spaced about the central aper 
ture of the associated end plate. 
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