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This invention relates to hydraulic control devices and 
more particularly to a new and improved electrohydraulic 
valve for controlling hydraulic fluid in response to elec tric signals. 

It is an important object of this invention to provide 
an electrohydraulic control device which accurately reg 
ulates fluid pressures in response to an electrical signal. 

It is another important object of this invention to pro 
vide an electrohydraulic regulator operated by small elec 
tric signals to vary the pressure of the controlled fluid. 

Still another object of the invention is to provide an 
electrohydraulic control device utilizing a permanent 
magnet as a fluid control member wherein two magnetic 
coils cooperate to produce a force tending to move the 
magnet to the desired position. 

It is still another object of this invention to provide an 
electrohydraulic regulator requiring only one moving part 
with no links or pivots which tend to wear and produce failure. 

Further objects and advantages will appear from the 
following description and drawings, wherein: 

Figure 1 is a longitudinal section showing the structural 
detail of a hydraulic regulator according to this invention; 

Figure 2 is a cross section taken along line 2-2 of Fig 
ure ; 

Figure 3 is a schematic illustration of the magnetic 
operation when one polarity of electrical signal is pro 
vided; 

Figure 4 is a view similar to Figure 3 showing the mag 
netic operation when the opposite polarity signal is sup 
plied; and, 

Figure 5 is a schematic illustration of one type of sys 
tem in which the hydraulic regulator according to this 
invention is particularly suited. 

Referring to the drawing, the preferred structure in 
cludes a central ring 10 and two end members 11 and 12 
respectively. These members are bolted together by bolt 
fasteners 13 and cooperate to form the body assembly 
of the device. The ring 10 is formed with axially extend 
ing shoulders which fit into an annular groove 16 formed 
in each of the end members 11 and 12 to radially locate 
the members. A pair of electromagnetic coils 17 and 18 
are positioned within the ring 10 adjacent to the end 
members 1 and 12 respectively. Suitable lead wires 19 
connect the coils 17 and 18 and pass through passages 21 
and 22 formed in the end members 11 and 12 respectively 
to the outside of the device. Preferably the passages 21 
and 22 are filled with potting compound after the lead 
wires 19 are in position so that the passages are sealed 
around the lead wires to prevent leakage of fluid out of 
the device and the ring 10 is formed with a central cylin 
drical bore 26 in which is slidably mounted a cylindrical 
permanent magnet 27. The inner wall of the bore 26 
is grooved to form passageways 23 divided by lands 24. 
The permanent magnet 27 has an axial length slightly 
less than the space between the electromagnetic coils 17 
and 18 so that it is free to slide between the coils while 
being radially restrained by the lands 24. The end mem 
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2 
bers 11 and 12 are each formed with projections 28 and 
29 respectively which project through the coils 17 and 
18 and terminate at opposed parallel faces 31 and 32 
which are flush with the associated faces of the electro 
magnetic coils 17 and 18 respectively and perpendicular 
to an axis of the magnet 27. 
The end member 11 is formed with a threaded aperture 

33 from which extends a small bore 34, having a nozzle 
36 press fitted within one of its ends. Positioned in the 
inner end of the reference bore 34, with a press fit, this 
nozzle is formed with an accurately sized restricted orifice 
37 which connects between the bore 34 and the bore 26. 
Also formed in the end member 11 is a threaded inlet 
port 38 connected to the bore 34 by an accurately sized 
restricted passage 39 and to a source of fluid under pres 
sure by a suitable hose connection (not shown). The end 
member 12 is also formed with a threaded aperture 41 
similar to the aperture 33, a bore 42 similar to the ref 
erence bore 34, a nozzle 43 provided with an orifice 45 
similar to the orifice 37 and an inlet port 44 similar to 
the inlet port 38 connected to the bore 42 by a restricted 
passage 46 similar to the restricted passage 39. The inlet 
port 44 is connected to the same source of fluid under 
pressure as the inlet port 38 by a suitable hose connection 
(not shown). The passages 39 and 46 are made of the 
same length and diameter as accurately as possible so 
that equal flows of liquid through the passages will be 
produced for a given pressure drop across the passages. 
Likewise the nozzles 36 and 43 are formed identical to 
each other so that a given pressure drop across each 
nozzle will create an equal amount of flow in each nozzle. 
A reservoir return port 47 which opens into one of the 
grooves 23 is formed in the ring 10 to exhaust the flow 
of fluid through the nozzles 36 and 43. 
Those skilled in the art will recognize that if the magnet 

27 is positioned an equal distance from the nozzles 36 
and 43 there will be an equal amount of flow through the 
two nozzles and the pressure within the bores 34 and 42 
will be equal. Therefore, when the magnet 27 is in the 
center position, there will be an equal flow through the 
two passage systems and there will be an equal pressure 
drop across the restricted ports 39 and 46 and another 
equal pressure drop across the nozzles 36 and 43 so the 
two bores 34 and 42 will be at the same pressure. If, 
however, the magnet 27 is shifted to the left toward the 
nozzle 43 there will be an increased resistance to flow 
through the nozzle 43 and a decrease in the resistance 
to flow through the nozzle 36. This will cause the pres 
sure in the bore 42 to increase due to the decreased flow 
through the nozzle 43 and at the same time cause the 
pressure in the bore 34 to decrease due to the increased 
flow through the nozzle 36. When the magnet 27 is in 
its center position and there is equal flow through the two 
nozzles 36 and 43 the fluid forces on the magnet are 
balanced. If, however, the magnet is shifted to the left 
or right there is an increase in the pressure of the stream 
of hydraulic fluid passing through the nozzle toward 
which the magnet moves. Simultaneously the pressure 
of the other stream decreases so there is an unbalance of 
the liquid forces acting on the magnet 27 which urges it 
back toward the center or neutral position. Those skilled 
in the art will recognize that the magnitude of the center 
ing fluid force will be a function of the displacement of 
the magnet from the center position just as the pressure 
differential between the two reference bores 34 and 42 
is a function of the displacement of the magnet. There 
fore, the differential pressure between the two reference 
bores 34 and 42 will be a function of the forces other 
than the hydraulic forces urging the magnet from its cen 
ter position since the magnet 27 reaches equilibrium when 
the hydraulic forces acting thereon balance the other forces operating on the magnet. 



3. 
Reference should now be made to Figures 3 and 4 for 

the electrical operation of the device. The two electro 
magnetic coils 17 and 18 are wound and connected so 
that an electrical signal supplied to the coils produces 
magnetic fields in the two coils having opposite polarities. 
Assuming that the magnet 27 has a polarity as indicated 
in Figure 3 with a north pole N to the left, the south pole 
is toward the right as indicated by SA and that the coils 
are energized to provide a south pole S1 to the left and a 
north pole N2 to the right in the coil 18 and a north pole 
N5 to the left and a south pole S6 to the right in the coil 
17, the magnet 27 will move to the right as a result of 
the magnetic forces created. Because the poles N and 
Na are adjacent and similar there will be a repelling force 
R1 urging the magnet 27 to the right and the two poles 
S4 and Ns will produce a force Ra pulling the magnet to 
the right. The two forces R1 and R2 are in the same di 
rection and add together to produce a resulting force R 
urging the magnet to the right. Therefore, both coils 7 
and i8 operate to move the magnet 27 to the right when 
the coils are energized as shown in Figure 3. If the po 
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larity of the signal supplied to the coils 17 and 18 through 
the lead wires 22 is reversed, the polarity of the fields 
will be reversed and the conditions shown in Figure 4 
will be present. At this time, the coil 18 has a north pole 
N to the left and a south pole Ss to the right and the 
coil 17 has a south pole S11 to the left and a north pole 
N12 to the right. In this instance, the permanent magnet 
27, of course, retains a north pole N to the left and a 
South pole S4 to the right so the south pole Ss adjacent 
to the north pole N3 will produce an attraction magnetic 
force R1 urging the magnet 27 to the left and at the same 
time two south poles S4 and S11 produce a repelling force 
Rae urging the magnet 27 to the left. These two forces, 
the attracting and the repelling forces R1 and R2, add 
together to produce a total force Rs urging the magnet 
27 to the left. Since the density of the magnetic field 
created by the coil 17 is a function of the magnitude of 
the electric signal supplied to the coils, the resulting force 
urging the magnet 27 to the right or to the left is a func 
tion of the magnitude of the electric signal. Again since 
the direction of the force on the magnet 27 depends upon 
the polarity of the signal complete control of the magnet 
27 is provided by the magnitude and the polarity of the 
signal. As described above, the differential in pressure 
between the two reference bores 34 and 42 is a function 
of the hydraulic forces applied to the magnet 27 which 
are equal and opposite to the magnetic forces so the dif 
ferential in pressure will be a function of the signal sup 
plied to the coils 17 and 18. 

. A fluid regulator according to this invention is particu 
larly suited for systems of the type illustrated in the sche 
matic drawing of Figure 5. In this case, the regulator is 
utilized to control the operation of the piston of a cylin 
der actuator A. This actuator could be connected to the 
control surface of an aircraft or any other mechanism 
which must be controlled by an electric signal. In the 
case of an aircraft the electric signal would normally 
be generated by the electronic control equipment such as 
the automatic pilot or radar fire control. In this system, 
the two inlet ports 38 and 44 are connected to a source 
of fluid under pressure or pump 50 by suitable piping 51. 
A spool valve B is provided with inlet ports 52 and 53 
which are also connected to the piping 5A and are, there 
fore, connected to the same source of fluid under pres 
sure. The reservoir return port 47 is connected to a reser 
voir 55 by a second passage network 54 which also con 
nects to a reservoir return port 56 formed in the body 
of the spool valve B. A spool 57 is positioned within a 
bore 58 formed in the body of the spool valve B and is 
formed with lands 59 and 61 which cover the inlet ports 
52 and 53 respectively when the spool is in the neutral 
position shown and a central land 62 which covers the 
reservoir return port 56. Springs 63 and 64 operate on 
opposite ends of the spool:57 to resiliently maintain the 
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4. 
Spool in the neutral position so that there is normally licy 
fluid flow through the spool valve B. Control ports 66 
and 67 are open to the zone between the lands 59 and 61 
and the central land 62 and are connected to the opposite 
ends of the cylinder 68 of the actuator A by pressure 
lines 69 and 71 respectively. 

If the spool 57 is shifted to the left, the control port 
66 is brought into communication with the inlet port 52 to 
connect the left end of the cylinder 68 to the source of 
fluid under pressure, and at the same time the reservoir 
return port 56 is brought into communication with the 
control port 67 so the right end of the cylinder 68 is con 
nected to the reservoir return. When such movement 
of the spool 57 occurs the piston 72 moves to the right. 
When the spool 57 moves to the right, the opposite con 
nection will be made and the piston 72 moves to the left. 
To produce motion of the spool valve B, the two ends of 
the spool 57 are connected to the apertures 33 and 41 by 
suitable piping 73 and 74 so that the opposite ends of the 
spool 57 will be exposed to the pressure in the bores 34 
and 42 shown in Figure 1. 

in operation an electric signal is supplied to the coils 17 
and 18 causing the magnet 27 to shift from the neutral 
position toward a position closer to one of the nozzles 36 
or 43 to produce a differential pressure between the ref 
erence bores 34 and 42 which is a function of the signal. 
This differential pressure is supplied to the ends of the 
spool valve 57 and causes the spool to shift from its neu 
tral position an amount which is a function of the differ 
ential pressure and in turn a function of the signal. Be 
cause the flow of fluid under pressure through the Spool 
valve B is determined by the magnitude of the movement 
of the spool. 57 which is in turn a function of the elec 
tric signal, the rate of movement of the piston 72 will 
be a function of the electric signal and the direction of 
movement will be determined by the polarity of the 
signal. 

Because the magnet 27 is completely submersed within 
the fluid flowing through the regulator, magnetic silting is 
virtually eliminated due to the washing action of the fluid 
as it flows over the magnet. This magnetic silting, which 
is the building up of deposits of finely divided magnetic 
particles in the fluid in areas of high magnetic intensity is 
normally troublesome in devices of the types used in the 
past to perform the functions performed by the regulator 
according to this invention. This tendency is also re 
duced by the fact that the magnetic densities need not be 
as large in a device according to this invention because 
both of the coils 17 and 18 operate to move the magnet 
27 and because the movable member itself is a magnet, 
Since the only forces acting on the magnet are the fluid 
flow forces and the magnetic forces, springs and the like 
have been completely eliminated from the device and ad 
justment difficulties are eliminated. 

It is important to form the regulator body of non 
magnetic material so that there will be no stray magnetic 
forces created by the permanent magnet 27 which would 
affect the operation of the device. The nozzles 36 and 
43 can be formed of steel so that tolerances can be main 
tained and the fact that the nozzles may be magnetic is 
not too important because they are small. Even so, 
it is preferable to form the nozzles of non-magnetic steel. 

Although the preferred embodiment of this invention 
is illustrated, it will be realized that various modifications 
of the structural details may be made without departing 
from the mode of operation and the essence of the in 
vention. Therefore, except insofar as they are claimed 
in the appended claims, structural details may be varied 
widely without modifying the mode of operation. Accord 
ingly, the appended claims and not the aforesaid detailed 
description is determinative of the scope of the invention. 

I claim: 
1. A fluid control device comprising a body formed with 

a duality or orifices connected to a source of fluid under 
pressure, a permanent magnet mounted within said body 
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for movement toward one of said orifices and away from 
the other to vary the fluid flow through said orifices, and 
electromagnetic means fixes relative to said body pro 
ducing a magnetic field simultaneously active in the same 
direction on both poles of said magnet to effect said 
noVement. 

2. A flow control device comprising first and second ori 
fices through which fluid under pressure flows, a magnet 
formed with first and second faces adjacent to said first 
and second orifices respectively and impinged upon by 
the flow through said respective orifices mounted so that 
movement of one face away from its respective orifice 
produces movement of the other face toward its respec 
tive orifice, the reaction of the flow of fluid through each 
orifice on its respective face urging it away therefrom, 
and means fixed relative to said body producing magnetic 
forces simultaneously active in the same direction on 
both poles of said magnet urging one of said faces toward 
its respective orifice. 

3. A flow control device comprising a body formed with 
a duality of orifices connected to a source of fluid under 
pressure, permanent magnet means within said body 
moveable relative to said orifices varying the fluid flow 
therethrough, and magnetic means fixed relative to said 
body and simultaneously active in the same direction on 
both poles of said magnet producing movement thereof 
increasing the fluid flow through one of said orifices and 
simultaneously reducing the fluid flow through the other 
orifice, 

4. A hydraulic control device comprising a body formed 
with opposed coaxial nozzles connected to a source of 
fluid under pressure, a magnet having a face adjacent to 
each of said nozzles movable along a line parallel to the 
axis of said nozzles, the spacing between said faces of said 
magnet being less than the spacing between said nozzles, 
and electromagnetic means in said body producing a pair 
of opposed magnetic fields each substantially parallel to 
the axes of said nozzles and each producing a force in 
the same direction on said magnet moving said magnet 
along toward one nozzle and away from the other. 

5. A flow control device comprising a body provided 
with opposed nozzles connected to a source of fluid under 
pressure, a magnet having a face adjacent to each nozzle, 
the spacing between said faces of said magnet being less 
than the spacing between said nozzles, and an electro 
magnetic means adjacent to opposite ends of said magnet 
producing magnetic fields of opposite polarity when sup 
plied with an electric signal whereby one electromagnetic 
means produces a force pulling said magnet toward one 
of said nozzles and the other electromagnetic means pro 
duces a force pushing said magnet toward said one noz 
zle so that the flow through said one nozzle is reduced 
and the flow through the other nozzle is increased. 

6. A flow control device comprising a body formed with 
a chamber having opposed surfaces, an orifice opening SS 
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through each surface connected to a source of fluid under 
pressure, a magnet in said chamber having a face adja 
cent to each of said orifices, the spacing between said faces 
of said magnet being less than the spacing between said 
orifices, and electromagnetic means adjacent to each sur 
face producing magnetic fields of opposite polarity when 
Supplied with an electric signal whereby one electromag 
netic means produces a force pulling said magnet toward 
one of said surfaces and the other electromagnetic means 
produces a force pushing said magnet toward said one 
surface so that the flow through the orifice in said one 
Surface is reduced and the flow through the orifice in the 
other surface is increased. 

7. An electrohydraulic valve comprising a pair of simi 
lar flow restrictions adapted to be connected to a source 
of hydraulic fluid under pressure, a nozzle associated 
with each flow restriction positioned in a coaxial opposed 
relationship relative to each other, means connecting 
each flow restriction and its associated nozzle, a perma 
nent magnet positioned between said nozzles movable 
along a line parallel to the axis of said nozzles, and elec 
tromagnetic means creating opposed magnetic fields ad 
jacent to each end of said magnet in response to electric 
signals whereby one of said fields pulls said magnet toward 
one of said nozzles and the other of said fields pushes said 
magnet toward said one nozzle when said electromagnetic 
means are energized by an electric signal thereby reduc 
ing the flow through said one nozzle and causing the pres 
Sure in the associated connecting means to increase and 
at the same time causing an increased flow through the 
other of said nozzles and decreasing the pressure in the 
associated connecting means. 
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