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57 ABSTRACT 
An electromagnetically operated valve, comprising a 
movable assembly having at least a shiftable compo 
nent carrying valve means to control passages between 
valve chambers. The movable assembly and the shift 
able component are subjected to balanced axial 
thrusts due to pressure fluid in each operating position 
thereof. 

4 Claims, 4 Drawing Figures 

  





1 
ELECTROMAGNETICALLY OPERATED WALVE 

BACKGROUND OF THE INVENTION 
This invention concerns an electromagnetically oper 

ated valve, in particular for high and very high pressure 
fluids, wherein at least one valve component, axially 
movable under the action of control devices, comprises 
one or more valve means to selectively control as many 
valve seats or passages, between valve sections or 
chambers that are in turn connected with suitable 
equipment or work means, as e.g. a pressure fluid 
source, a fluid consumer and an exhaust. 
More specifically, the present invention concerns an 

electromagnetic valve of the type referred to and de 
signed for applications wherein besides an unusually 
quick operation, a low or very low valve driving force 
is required, as when controlling hydraulic servo 
systems wherein means for alternately and selectively 
connecting a consumer circuit with a pressure liquid 
source and with an exhaust, are provided. Such valve 
connection means, wherein pressures up to 120 - 150 
kg/sq.cm. are involved, should operate in a nearly in 
stantaneous manner, both to connect the consumer 
with the pressure source, and to connect the consumer 
with the exhaust. 
For the above applications, electromagnetically con 

trolled flow distributors are already known such distrib 
utors substantially including a movable element seal 
ingly fitted in a seat, and comprising two tightly sepa 
rated chambers that can be positioned in order to es 
tablish a direct communication between the consumer 
and a pressure source, or between the consumer and an 
exhaust, respectively. However, such devices entail 
great difficulties in securing a positive seal at the un 
usually high pressures involved, and further they show 
relatively long element or shuttle strokes and then pro 
portionally high power requirements to a related elec 
tromagnetic control. 

SUMMARY OF THE INVENTION 
An object of the invention is to provide a valve 

adapted to control, in particular when operated by 
electromagnetic means, high and very high pressure 
fluids with short strokes of its movable element or shut 
tle and a reduced driving power. The word "valve' is 
to be understood in its limitative meaning excluding 
distributors and comprising only a structure wherein 
each valve means controls a related fixed valve seat 
connecting valve chambers or passages. 
Another object of this invention is to provide a valve 

of the above type, and in particular a three-way valve, 
adapted for hydraulic servo-systems and similar appli 
cations. 
Accordingly, this invention concerns a valve of the 

type stated above, which is essentially characterized in 
that it comprises a moving assembly having one or 
more axially slidable components each of which carries 
one or more valve means, to selectively control as 
many connecting passages between two or more valve 
chambers, and wherein the axial thrusts exerted on the 
moving assembly by the fluid pressure are wholly bal 
anced both on the whole and individually in each valve 
chamber and in all axial positions of the assembly and 
components. Thus, and in particular for such applica 
tions, all advantages shown by conventional valves, i.e., 
a very short operating stroke and a superior sealing ac 
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2 
tion, can be attained, while on the other hand the valve 
according to this invention may be operated with a re 
duced power, owing to a very short stroke of its mov 
able components and to the fact that no pressure fluid 
forces need be overcome. Such valve may be advanta 
geously operated by an electromagnetic control com 
prising a core appertaining to the moving assembly and 
adapted to bring the component in one of its operating 
positions, while the other operating position can be at 
tained by such component, after an electromagnet dee 
nergisation, e.g. by the action of spring means. 
According to a preferred embodiment of this inven 

tion, the slidable component or components are recip 
rocated within a related guide body, wherein at least 
one of the chambers is formed, such chamber being ax 
ially defined on one side by a passage that is controlled 
by a valve means of the component, while on the oppo 
site side the chamber is closed by a sealing portion of 
the same component. The component valve means and 
sealing portion surfaces, that are acted upon by the 
pressure fluid in opposite directions, have projections 
extending at a right angle to the component axis and 
which have equal areas. Further, the passage or valve 
seat establishes a communication between the body 
chamber and a further chamber, that lies outside of the 
guide body and fluidly communicates with both axial 
ends of the moving assembly, including the com 
ponent(s) and core. The assembly axial ends are 
shaped in such a manner that the axial thrusts exerted 
thereon by the fluid pressure are completely balanced 
with each other. 
The guide body may have two axially opposed cham 

bers respectively connected with feed and exhaust 
means and alternatively controlled by two valve means 
of a single slidable component, in order to alternatively 
open the body chambers into an outer chamber con 
nected with consumer means and in communication 
with both ends of the slidable component and core. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an axial section across a valve, according to 

this invention, as shown in one of its operating posi 
tions. 
FIG. 2 is a partial axial section, similar to that of FIG. 

1, of the same valve in the other operating position 
thereof. 
FIG. 3 is an enlarged partial sectional view of an al 

ternative embodiment of the valve. 
FIG. 4 is a diagrammatic axial section of a further 

embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 
Referring now to FIGS. 1 and 2, a valve 10 essentially 

comprises two main parts, connected and cooperating 
with each other, i.e., a part 12, forming the valve 
proper, and a part 14 forming an electromagnetic valve 
controlling means. 
Valve part 12 comprises an outer body 16 having 

three ports, i.e., a port 18 for communication with a 
source of pressure fluid, a port 20 for communication 
with a consumer means and a port 22 for communica 
tion with an exhaust means. Body 16 further comprises 
a central cylindric bore 24, wherein a cylindric guide 
body 30 is fastened and sealed by packings 26. 
Guide body 30 has a central cylindric bore 32, 

wherein a slidable valve component is tightly guided, 
as will be explained in more detail below. Body 30 is 
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designed to cooperate with bore 24 of body 16, as well 
as with fixed closure walls 34 and 36 in bore 24, in 
order to define two similar and symmetrically opposite 
chambers 38 and 40, that are connected with feed port 
18 and closure exhaust port 22, respectively. Closure 
walls 34 and 36- at least one of which carries a. 
seal 28- are formed with valve seat defining axial . 
passages 42 and 44, by means of which chambers 38 
and 40 can communicate with a common outer cham 
ber 46, that is in turn connected with consumer port 
20. 
As previously stated, within cylindric bore 32 of body 

30 is slidingly fitted a valve component or shuttle 48, 
having a truncated-cone head 50, that forms a closing 
means for valve passage or seat 42. Shuttle 48 has from 
head 50 a reduced diameter stem 52 extending across 
chamber 38 ending in a truncated-cone bottom head 
54, that merges into a main cylindrical shuttle portion 
which is slidingly fitted in bore 32, the head surfaces 50 
and 54 being able to balance the axial thrusts that are 
exerted on shuttle 48 by the pressure fluid in chamber 
38. 
The lower section of the main cylindrical portion of 

shuttle 48 ends in a truncated cone portion 56, within 
the other chamber 40, and then a reduced diameter 
stem 58 extending across chamber 40 and bearing at its 
free end against a ball 60 adapted to close passage or 
seat 44. Ball 60 is urged in the direction of stem 58 by 
a spring means 62, that is held by a threaded element 
64, having an axial bore 66, for connection with outer 
chamber 46. In order to allow valve assembling opera 
tions, chamber 46 is closed by a threaded plug 68, 
screwed onto the end of body 16. 
The top of shuttle 48 extends beyond passage 42 and 

is formed with an annular projection 70, that acts to 
keep passage 42 open through the dynamic action 
thereon of fluid flowing out of seat 42. The shuttle top 
further carries an axial projection 72, that is acted upon 
by electromagnetic control means. 
The electromagnetic control means comprise a mov 

able core. 74 axially guided with a given clearance 
within a cylindric seat 86' that is welded to a valve 
outer chamber top closing element 76, threadedly se 
cured to body 16. In the lower end of core 74 (as shown 
in the drawing) a dead bore 78 in formed, wherein a 
cup 80 is housed. Cup 80 acts on the axial projection 
72 of shuttle 48 and is biased by a compression spring 
82, also housed in bore 78 and having a stiffness greater 
than that of spring 62, in order to compensate for possi 
ble stroke differentials of the core and shuttle. A sta 
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tionary upper holding element 86 carries guide 86' and 
is screwed onto a plug 88 adapted to close a structure 
90, wherein an electromagnet winding 92 is housed. 
Plug 88 is acted upon by a stabilizing spring 84, housed 
between element 86 and the top of core 74. 
The operation of valve is as follows. Assuming that an 

electromagnet energisation results in a core motion 
away from shuttle 48, when the electromagnet is dee 
nergised, the valve lies in the position as shown in FIG. 
1, due to the action of spring 84. The seat 42 is then 
closed by valve means 50, that rests on the edge 
thereof, while spring 82 is compressed. Conversely, 
passage 44 is open and spring 62 is compressed, the 
stiffness of spring 62 being lower than that of springs 82 
and 84. Then, the pressure fluid coming from source 
port 18 fills chamber 38 and the axial thrusts, as ex 
erted on shuttle 48 by the fluid pressure, are wholly bal 
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4. 
anced in chamber 38, as above explained. Chambers 46 
and 40 are connected with the exhaust port 22. 
Starting from the above conditions, an electromagnet 

energisation results in a practically instantaneous shift 
ing of shuttle 48, due to the action of spring 62 and with 
a compression of spring 84. Such shifting causes the 
passage 42 to open, and such opening is assisted by the 
dynamic action exerted by the fluid acting on the annu 
lar projection 70. Simultaneously the passage 44 is 
closed and the pressure fluid fills chamber 46 and then 
is fed to consumer port 20. Even under such conditions 
and during the transition step, the axial thrusts exerted 
by the pressure fluid on shuttle 48 are wholly balanced. 
Indeed, as it can be readily seen in FIG. 2, the pressure 
fluid in chamber 38, in the upper section of chamber 
46 and in a seat 46', between core 74 and holding ele 
ment 86, exerts on the valve moving assembly (shuttle 
and core) a downwardly directed stress (as in the draw 
ing) that corresponds to the product of the fluid pres 
sure value and the surface area of shuttle 48 in a cross 
section taken perpendicularly to the axis thereof in the 
shuttle portion guided within bore 32. In fact, a down 
wardly directed thrust, as exerted by the pressure fluid 
within chamber 46', is partially balanced by an up 
wardly directed thrust as exerted against the exposed 
surfaces of core and shuttle in chambers 46 and 38, 
whereby the downwardly directed resultant trust is 
equal to the product of the fluid pressure value and the 
cross section of stem 52, plus the action on the surface 
54. However, this downwardly directed thrust is bal 
anced by an equal, oppositely directed thrust, as ex 
erted by the fluid pressure in the lower section of cham 
ber 46 against valve means 60. Accordingly a succes 
sive valve motion can be performed quickly and with 
a low force, 
From the above, it can be easily undestood that the 

valve according to this invention can be operated also 
when core 74 is shifted toward shuttle 48 upon an elec 
tromagnet energisation. In this occurrence, the valve 
will be opened upon an electromagnet deemergisation, 
by the action of spring 62 that will show a stiffness 
greater than that of spring 84. Then, spring 84 acts only 
as core holding and centering means, while the valve 
closure is caused by an electromagnet energisation. 

Finally, as shown in FIG. 3, a cone-shaped valve 
means 60', e.g. screwed as by 94 to stem 58, may be 
substitued for ball 60. In any occurrence the pressure 
fluid is always axially fed to passage 44 in order to 
wholly envelope valve means 60 or 60' and attain the 
best hydrodynamic conditions. 

It is to be understood that this invention may take the 
form of many other embodiments, with different modi 
fications, according to particular use requirements. 
Thus, e.g., as shown in FIG. 4, the shiftable component 
48 may be subdivided into two components 48' and 
48", which are simultaneously operated by core 74 and 
spring means 62 and 62'. Each component defines a 
chamber 38 and 40 in body 30 which fluidly communi 
cate with a common chamber 46 by means of a passage 
46". 
While specific embodiments of this invention have 

been herein shown and disclosed, it is to be understood 
that many changes may be made therein, without de 
parting from the spirit and scope of the invention. 

I claim: 
1. An electromagnetically operated valve for the con 

trol of high pressure fluids, said valve comprising: 
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a valve body having cylindrical bore means extending 
completely therethrough; 

elongated valve component means positioned to slide 
within said cylindrical bore means; 

first chamber means formed between said valve body 
and a first end portion of said elongated valve com 
ponent means; 

a first valve seat adjacent said first end portion of said 
elongated valve component means; 

second chamber means formed between said valve 
body and a second end portion of said elongated 
valve component means, 

a second valve seat adjacent said second end portion 
of said elongated valve component means; 

a first port connected to said first chamber means 
and to a source of pressure fluid; 1 

a second port connected to said second chamber 
means and to an exhaust; 

a passage exterior of said cylindrical bore means con 
necting said first and second valve seats; 

a third port connected to said passage and to a con 
sumer device; 

elastic means operable on one end portion of said 
elongated valve component means urging said 
elongated valve component means to a first posi 
tion into contact with one of said first or second 
valve seats, thereby connecting said third port with 
one of said first or second ports; and 

electromagnetic valve controlling means operable on 
an opposite end portion of said elongated valve 
component means for selectively moving said elon 
gated valve component means to a second position 
into contact with the other of said first or second 
valve seats, thereby connecting said third port with 
the other of said first or second ports. 
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6 
2. A valve as claimed in claim 1, wherein said cylin 

drical bore means comprises a single bore; and said 
elongated valve component means comprises a single 
component having a cylindrical mid-portion in sliding 
contact with said single bore, first and second reduced 
diameter sections extending from both ends of said 
mid-portion and in communication respectively with 
said first and second chamber means, and first and sec 
ond valve contacting surfaces respectively at the re 
mote ends of said first and second reduced diameter 
sections for contact respectively with said first and sec 
ond valve seats. 

3. A valve as claimed in claim 1, wherein said cylin 
drical bore means comprises first and second bores; 
said elongated valve component means comprises first 
and second components, said first component having a 
cylindrical lower end portion in sliding contact with 
said first bore, a reduced diameter mid-portion in com 
munication with said first chamber means, and a valve 
contacting upper end portion for contact with said first 
valve seat; and said second component having a cylin 
drical upper end portion in sliding contact with said 
second bore, a reduced diameter mid-portion in com 
munication with said second chamber means, and a 
valve contacting lower end portion for contact with 
said second valve seat. 
4. A valve as claimed in claim 1, wherein said electro 

magnetic valve controlling means comprises a movable 
core, a coil surrounding said core, and spring means 
having a stiffness greater than said elastic means posi 
tioned between said core and said elongated valve com 
ponent means for urging said elongated valve compo 
nent means into said second position. 
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