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The present invention relates to electromagnetically 
operable valves and, more particularly, to valves having 
longitudinally reciprocable valve members displaceable 
by electromagnetic means. 

It has been proposed heretofore to provide electro 
magnetic valves with magnetically permeable armatures 
adapted to operate with one or more electromagnets 
energizable to displace the valve member via the arma 
ture coupled therewith between extreme positions against 
the force of one or more restoring springs. In struc 
tures of this type, the restoring springs are not always 
predictable in their effects and frequently do not ensure 
that predetermined extreme positions of the valve will 
be maintained. It has, consequently, been proposed to 
provide valves of this type with mechanical indexing 
devices co-operating with the armature or the valve‘ mem 
ber to retain the latter in the selected extreme position 
to which it has been displaced by the electromagnetic 
means. Indexing systems of this character require con 
siderable inductive force to overcome the mechanical 
inertia of the detent and are unsatisfactory as a conse 
quence of complicated construction and the need ‘for 
substantially continuous maintenance. 

It is, therefore, an object of the present invention to 
provide an electromagnetically operable valve in which 
the aforementioned disadvantages can be avoided. 
A more speci?c object of this invention is to provide 

an electromagnetic valve of this character which does 
not require restoring or centering springs and in which 
predetermined operable positions can be maintained with 
out the use of mechanical indexing means. 

These objects, and others which will become apparent 
hereinafter, are attained, in accordance with our pres 
ent invention, by providing an electromagnetically oper 
able valve for ?uid systems in which an armature is 
coupled with the valve member and co-operates with 
two longitudinally spaced ?rst electromagnets, the latter 
forming eleotromagnet means electrically energizable 
selectively for shifting the armature between two ex 
treme positions. The armature is provided with perma 
nent-magnet means (i.e. a radially polarized permanent 
magnet surrounding the armature), whose magnetic re 
turn is effected via the armature, the magnetically per 
meable housing surrounding the armature and the 
electromagnets, and abutment plates at opposite ends of 
the housing so that this pennanenbmagnet means fonms 
respective, substantially closed magnetic-?ux paths with 
the armature and the housing for magnetically retain 
ing the armature in each of the extreme positions; To 
facilitate the displacement of the armature from one 
extreme position to the other, a pair of second electro 
magnets (‘constituting second electromagnet means along 
the flux path) are juxtaposed with the permanent mag 
net on opposite sides thereof and are selectively ener 
gizable together with respective ones of the ?rst elec~ 
tromagnets for temporarily counteracting the magnetic 
flux along the respective paths, thereby releasing the 
armature from magnetic retention in one of the positions 
and permitting its displacement into the other positions 
under the inductive force of one of the ?rst electro 
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magnets. Advantageously, the second electromagnets 
are so arranged that the one along the completed ?ux 
path is energized in parallel with the remote ?rst elec 
tromagnet so that the ?ux along this path is weakened 
simultaneously with the application of inductive force 
by the remote ?rst electromvagnet to draw the armature 
into an extreme position wherein it forms a closed ?ux 
path in the region of the energized ?rst electromagnet. 
The ?rst electromagnets are so constructed as to be at 
least as strong as the second electromagnets so that the 
coercive power of the permanent magnet is not disad 
vantageously in?uenced by the second electromagnets 
and the magnetic retention force is fully re-established 
upon termination of the energizing current. 

According to a more particular feature of this inven 
tion, the armature of the electromagnet is connected 
with the longitudinally reciprocable valve member in 
such manner that the sliding friction of the valve mem 
ber in the valve body is substantially the only force re 
sisting the inductive force upon joined displacement of 
the armature and the valve member. We have found 
it desirable to provide means for preventing rotation of 
the armature in the housing and the valve member in 
the valve body; these means may include the connect 
ing pin joining the armature to the valve member. This 
pin may have a pair of diametrically opposite exten 
sions longitudinally slidable in diametrically opposite 
recesses formed adjacent the bore of the valve body, 
at the end thereof proximal ‘to the electrom'agnet hous 
ing. The recesses permit the longitudinal displacement 
of the valve member but are so dimensioned as to angu 
l'arly restrain the latter and the armature. The valve 
body may be constructed with a sleeve member or lin 
ing ?xed to the surrounding valve housing, this lining 
being formed with the bore in which the valve member 
is longitudinally slidable and the aforementioned re 
cesses. The sleeve member and the valve housing can 
be provided with at least one inlet and at least one 
outlet through which a hydraulic ?uid can flow when 
communication is established via longitudinal displace 
ment of the valve member by the electromagnetic means. 
The above and other objects, features and advantages 

of the present invention will become more readily ap 
parent from the following description, reference being 
made to the accompanying drawing in which: 

FIG. 1 is an axial cross-sectional view through a 
hydraulic distributing valve, according to the present in 
vention, showing a portion of the housing of the electro 
magnetic means and the armature thereof; 
FIG. 2 is a cross-sectional view taken along the line 

II—II of FIG. 1; 
FIG. 3 is an axial cross-sectional view of an electro 

magnetic system suitable for use with a valve of FIG. 1; 
and 
FIG. 4 is a cross-sectional view taken along the line 

IV—-IV of FIG. 3. 
In FIG. 1, we show a valve body comprising a valve 

housing 1 and a sleeve member 2 threaded into the valve 
housing and ?xed ‘therein in the manner described and 
claimed in our copending application Ser. No. 327,197, 
?led concurrently herewith and entitled, “Valves” (now 
US. Patent No. 3,211,164). The sleeve member 2 has 
a longitudinally extending bore in which a slidable, piston 
like valve member 3 is longitudinally reciprocable by 
electromagnetic means designated generally as 4 via the 
armature 5 thereof as will become more readily ap 
parent hereinafter. Armature 5 has a terminal portion 
of reduced cross section received within a blind bore 9 
of the valve member 3 and a?ixed to the latter by a 
transverse pin 6 whose length exceeds the diameter of 
the valve member 3 so that the diametrically projecting 
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extensions ‘6’, 6" of this pin are received within a pair 
of diametrically opposite recesses 7 wherein the pin 6 
is longitudinally guided but restrained from angular 
motion. Recesses 7 are formed in the face 8 of the valve 
body proximal to the electromagnetic housing 4. 
The valve body 1, 2 is provided with a ?uid-tight cap 

26 and an O-ring seal 27 at its end remote from the 
electromagnetic housing to prevent escape of ?uid be 
tween the sleeve member 2 and the valve member 3 dur 
ing operation of the valve. An inlet bore 10 is provided 
in the valve body 1, 2 to supply hydraulic ?uid from a 
pump 23 and a reservoir 22 to an annular groove 14 
constituting the pressure compartment within the valve. 

Similarly, an outlet bore .11 is provided in the valve 
body and connected with a hydraulically operable mecha 
nism 24, such as a hydraulic cylinder While a further 
bore 12 is connected via return conduit 25 to the res 
ervoir 22. Bores 11 and 12 communicate respectively 
with annular grooves 15 and 16 while a further bore 13 
communicates when an annular compartment 17 through 
which any hydraulic ?uid escaping toward the right-hand 
end of the valve body is diverted to the reservoir or 
sump 2.2. Annular compartments 19 and 20, formed by 
reduced-diameter portions of the valve member 3 alter 
nately connect the pressure compartment 14 with the 
working compartment 15 to energize the hydraulic 
cylinder 24 and the working compartment 15 with the 
reservoir outlet 16 whereby ?uid is drained from the 
hydraulic cylinder 24 to the reservoir 22. 

In the position of the valve shown in FIG. 1, pressure 
compartment .14 communicates with the working com 
partment 15 via chamber 19 while the overlap of edges 
21 and 2-2 of the sleeve member 2 and the valve member 3 
respectively, prevents ?ow of ?uid into the return pas 
sage 19. When the valve member 3 is shifted to the left, 
however, compartment 19 is blocked while communica 
tion is established via chamber 20 from the working 
compartment 15 to the return compartment 16. 

Referring now to FIGS. 3 and 4, it may be seen that 
the armature 5 has an enlarged portion 5’ which is re 
ceived within the electromagnet housing 4. The latter 
comprises a pair of end plates 28, 29 af?xed by bolts 30 
to‘ a magnetically permeable shell 31. The shell has 
secured thereto pole pieces 32, 33 defining the extreme 
positions of the armature. The armature 5 carries a 
radially polarized annular permanent magnet 40 which, 
in its right-hand position illustrated in FIG. 3 for-ms a 
closed magnetic flux path (dot-dash line 38) along the 
armature 5, pole pieces 33, magnetic shell 31 and end 
plate 29. 
A pair of ?rst electromagnets 36, 37 are ?xed within 

the housing 4 and serve to displace the armature 5 be 
tween its extreme positions. Additionally, a pair of sec 
ond electromagnets 34, 35 are juxtaposed with the per 
manent magnet 40 and serve for reducing the ?ux of 
the path and facilitating displacement of the armature 
from one position to another. Magnet 34 is connected 
in parallel with electromagnet 37 while electromagnet 35 
is in parallel with electromagnet 36. When the device 
is’ in the position illustrated in FIG. 3, an electrical 
impulse supplied to the electromagnets 37 and 34 will 
simultaneously cause the formation of counteracting flux 
.lines 39 to reduce the magnetic retaining force holding 
permanent magnet 40 in line with pole pieces 33 and 
provide an axial inductive force along the armature 5 
in a direction away from the energized second electro 
magnet 34 to shift this armature and the valve member 3 
secured thereto into its extreme left-hand position, the 
latter being de?ned upon alignment of permanent magnet 
40 with pole pieces 32 and abutment of the enlarged 
portion 5' of the armature with plate 28 to establish a 
new closed magnetic ?ux path extending through this 
armature, permanent magnet 40, pole pieces 32, magnet 
ically permeable shell 31 and plate 28. The extreme 
left-hand position may also be de?ned by abutment of 
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4 
the pin 6 against the end of recess 7. When an impulse 
is provided to electromagnet 35 and 36, the ?ux holding 
the permanent magnet 40 in position relative to pole 
pieces 32 is weakened and the inductive force of mag 
netic coil 36v draws the armature ‘35 to the right. It 
will be apparent that electromagnets 34, 35 can be 
mounted upon the armature 5 or otherwise disposed in 
proximity to the faces of the permanent magnet 40. 
The apparatus illustrated in FIGS. 1 and 3 provides valve 
operation without the use of mechanical indexing means 
or restoring springs and insures that only friction forces 
within the valve will resist the induction forces moving 
the displaced armature 5 upon energization of one or 
the other set of coils. 
The invention described and illustrated is believed to 

admit of many modi?cations within the ability of per 
sons skilled in the art, all such modi?cations being con 
sidered within the spirit and scope of the appended 
claims. 
We claim: 
1. An electromagnetic actuating ‘device, comprising a 

magnetically permeable housing; 
a longitudinally extending armature of magnetically 
permeable material connectable to a member to be 
actuated and reciprocable in said housing between 
two extreme positions; 

permanent-magnet means on said armature forming 
substantially closed magnetic-?ux paths with said 
armature and said housing for magnetically retaining 
said armature in each of said extreme positions; 

a pair of longitudinally spaced ?rst electromagnets in 
said housing on opposite sides of said permanent-mag 
net means cooperating with said armature upon se 
lective electrical energization for shifting said arma 
ture between said extreme positions; and 

a pair of second electromagnets juxtaposed with said 
permanent-magnet means on opposite sides thereof 
along said paths and selectively energizable concur 
rently with at least one of said ?rst electromagnets 
for temporarily counteracting the magnetic ?ux along 
a respective one of said paths for releasing said arma 
ture from one of said positions and permitting its 
displacement into the other of said positions under 
the inductive force of said one of said ?rst elec 
tromagnets. 

2. An electromagnetic actuating device, comprising a 
magnetically permeable housing; 

a longitudinally extending armature of magnetically per 
meable material connectable to a member to be ac 
tuated and reciprocable in said housing between two 
extreme positions; ‘ 

a radially polarized permanent magnet surrounding 
said armature and forming respective substantially 
closed magnetic-?ux paths with said armature and 
said housing for magnetically retaining said arma 
ture in each of said extreme positions; 

?rst electromagnet means in said housing cooperating 
with said armature upon electrical energization for 
shifting said armature between said extreme posi 
tions; and 

a pair of second electromagnets juxtaposed with said 
permanent magnet on opposite sides thereof along 
said paths and selectively energizable concurrently 
with said ?rst electromagnet means for temporarily 
counteracting the magnetic ?ux along a respective 
one of said paths for releasing said armature from 
one of said positions and permitting its displace 
ment into the other of said positions under the in 
ductive force of said ?rst electromagnet means. 

3. An electromagnetic actuating device, comprising a 
magnetically permeable housing; 

a longitudinally extending armature of magnetically 
permeable material connectable to a member to be 
actuated and reciprocable in said housing between 
two extreme positions; 
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a radially polarized permanent magnet surrounding said 
armature and forming respective substantially closed 
magnetic-?ux paths with said armature and said hous 
ing for magnetically retaining said armature in each 
of said extreme positions; 

a pair of longitudinally spaced ?rst electromagnets in 
said housing on opposite sides of said permanent mag 
net cooperating with said armature upon selective 
electrical energization for shifting said armature 
between said extreme positions; and 

a pair of second electromagnets juxtaposed with said 
permanent magnet on opposite sides thereof along 
said paths and selectively energizable concurrently 
with at least one of said ?rst electromagnets for tem 
porarily counteracting the magnetic ?ux along a 
respective one of said paths for releasing said arma 
ture from one of said positions and permitting its 
displacement into the other of said positions under 
the inductive force of said one of said ?rst electro 
magnets. 

4. An electromagnetic actuating device, 
magnetically permeable housing; 

'a longitudinally extending armature of magnetically 
permeable material connectable to a member to be 
actuated and reoiprocable in said housing between 

' two extreme positions; 

a radially polarized permanent magnet surrounding said 
said armature and forming respective substantially 
closed magnetic-?ux paths with said armature and 
said housing for magnetically retaining said arma 
ture in each of said extreme positions; 

?rst electromagnetic means in said housing cooperat 
ing with said armature upon electrical energization 

, for shifting said armature between said extreme 
positions; 

a pair of second electromagnets juxtaposed with said 
permanent magnet on opposite sides thereof along 
said paths and selectively energizable concurrently 
with said ?rst electromagnet means for temporarily 
counteracting the magnetic ?ux along a respective 
one of said paths for releasing said armature from 
one of said positions and permitting its displacement 
into the other of said positions under the inductive 
force of said ?rst electromagnet means; 

means for preventing rotation of said armature in said 
housing and of said member. 

5. An electromagnetic ‘actuating device for a valve 
having a longitudinally reciprocable valve member, and a 
valve body surrounding said valve member and slidably 
receiving same for communicating between a ?uid inlet 
and a ?uid outlet formed in said body, said actuating de 
vice comprising: 

a magnetically permeable housing; 
a longitudinally extending armature of magnetically 
permeable material connected with said member and 
vreciprocable in said housing between two extreme 
positions; 

comprising a 
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6 
a radially polarized permanent magnet surrounding said 

armature and forming respective substantially closed 
magnetic-?ux paths with said armature and said hous 
ing for magnetically retaining said armature in each 
of said extreme positions; 

a pair of longitudinally spaced ?rst electromagnets in 
said housing on opposite sides of said permanent 
magnet cooperating with said armature upon selec— 
tive electrical energization for shifting said armature 
between said extreme positions; 

a pair of second electromagnets juxtaposed with said 
permanent magnet on opposite sides thereof alOng said 
paths and selectively energizable concurrently with 
at least one of said ?rst electromagnets for temporarily 
counteracting the magnetic ?ux along a respective 
one of said paths for releasing said armature from 
one of said positions and permitting its displacement 
into the other of said positions under the inductive 
force of said one of said ?rst electromagnets, the slid 
ing friction of said valve member in said body being 
substantially the only force resisting said (inductive 
force upon joint displacement of said armature and 
said member; and 

means for preventing rotation of said armature in said 
housing and said valve member in said body. 

6. An actuating device as de?ned in claim 5 wherein 
said valve body is ?xed to said housing, said armature 
being connected to said valve member by a transversely 
extending pin. 

7. An actuating device as de?ned in claim 6 wherein 
said valve body is formed with a longitudinally extend 
ing bore and a pair of diametrically opposite recesses ad 
jacent said bore at an end thereof proximal to said hous 
ing, said means for preventing rotation of said arma 
ture and said valve member including extensions of said 
pin longitudinally displaceable in said recesses but angu 
larly restrained thereby. - 

8. An actuating ‘device as de?ned in claim 7 wherein 
said valve body comprises a valve housing and a sleeve 
member ?xed in said valve housing and provided with 
said bore and said recesses, said magnetically permeable 
housing being axially aligned with said valve housing, 
and said valve member being axially aligned with said 
armature. 
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