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My invention relates particularly to an appa 
ratus for controlling the movement of any device 
for performing work by means of an electric 
control connection which operates the device 
hydraulically, and while my invention is applica 
ble to the control of devices of any desired char 
acter, it is particularly applicable to the controls 
in the operation of aircraft. 
The object of my invention is to provide an 

electric-hydraulic control apparatus, by means of 
which any device to be moved may be operated 
thereby and in which an electric control device 
is arranged to operate a hydraulic mechanism 
accurately and with at least the same effective 
ress as in a completely hydraulic control appa 
ratus. Another object of my invention is to pro 
vide an arrangement of this character which, 
while the device that is to be controlled may be 
located at a considerable distance iron the elec 
tric controlling mechanism for the same, sub 
stantially the same effective control is obtained 
as if the parts were entirely hydraulic and lo 
cated in proximity to One another. A farther 
object is to. provide an apparatus of this chara 
acter in which the delivery pressures are effec 
tiyey co-related to the manual forces applied for 
operating the electric control agparatus therein. 
Another object is to provide, in an apparatus of 
this character, an electricai Waive operating 
mechanism having a progressively decreasing 
leverage to compensate for changes in position 
of the electrical actuating means therefor. Still 
another object is to provide a manual control 
means which is coordinately pressure-responsive 
to the hydraulic pressures delivered thereby. A 
further object is to provide a compact, self 
contained, powerful, efficient and light weight 
power unit which can be placed wherever desired 
with simple tubing and eiectrical connections, 
A further important object is to provide the same 
for effectively operating airplane wheel brakes. 
Another object is to provide a quick-acting re 
lease control mechanism. A further object is to 
translate manual pressures from the pilot and 
co-pilot to the servomotor by a single line to 
the brakes. Still another object is to conserve 
the amount of high pressure fluid utilized to 
Operate the control apparatus by means of mod 
ulator valves. Accordingly, a relatively small 
lightweight apparatus can be used for this pur 
pOSe. Further objects of my invention will ap 
pear from the detailed description of the same 
hereinafter. 
While my invention is capable of embodiment 

in many different forms, by way of illustration 
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I have shown only certain forms thereof in the 
accompanying drawing, in which 

Fig. 1 is a diagrammatic elevation, partly in 
Section, of an apparatus constructed in accord 
ance with my invention; and 

Fig. 2 is a diagrammatic vertical section of a 
modified form of the valve actuating mechanism 
therein. 

In the drawing, referring first to the form of 
my invention as shown in Fig. 1, I have shown 
a pedal for operation by the pilot of an air 
plane, the same being mounted on a pivoted 
shaft 2 carried in the end of a rudder lever 3, 
which is fastened to a shaft 4 having a stationary 
pivot on the airplane. To this shaft there is 
attached an arm 5 which is connected by a link 
Socket 6 to the rubber or rudders of the airplane 
(not shown). Secured to the pedal , further 
Enore, there is an arm having a pivotal connec 
tion 8 to a link 9 which is connected to an arm 
A secured on a shaft carried in fixed pivots 
by the airplane. Also secured to the shaft 
there is an arm 2 which operates on a curved 
outer surface 3 of a lever & having a pivotal 
Support 5 in brackets 6 secured to a spring 
housing S having provided therein a reaction 
means in the form of a helical spring 8, one 
end of which is seated on the spring housing 8 
and the other end of which presses against a 
flange member 9 which is secured on a plunger 
rod 2 having a pivotal connection 2 to the 
middle portion of the lever 6. The other end 
of the plunger rod 20 extends out through the 
end of the spring housing 9 and is provided with 
a sleeve 22 having a switch arm 23 thereon. The 
arm 23 is provided with a contact 2 so as to 
make contact in succession with a series of ter 
minals 25 connected to a rheostat resistance 26. 
A co-pilot pedal 2 is provided in the same air 

plane with connecting parts the same as just 
described, as being provided for the pilot and 
connected to the pedal , so that thereby the 
co-pilot may operate rheostat connections 28 
and 29 connected to a rheostat resistance 30 in 
in the same manner as previously described in 
connection with the pilot pedal ... The sleeve 22 
is connected by a wire 3 to a wire 32 leading 
from the co-pilot rheostat terminal 28 and these 
two wires are, accordingly, both connected by a 
wire 33 to one terminal of a storage battery 33, 
the other terminal of which leads by a wire 3 
to branch wires 38 and 39 connected, respectively, 
to electromagnets 40 and 4 which are located 
on Opposite sides of an arrnature switch arm 42 
arranged to be magnetically attracted by either 
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one or the other of the magnets 40 and , de 
pending upon the closing of one of the circuits 
including the same. The switch arm 42 has an 
insulated end 42a and is connected by a wire 43 
to the field winding of a valve-Operating solenoid 
44 within a casing 5. Furthermore, the electro 
magnet 40 is connected by a wire 46 to a wire 
47 having a branch 48 leading to a terminal 8a, 
the circuit through which can be completed by . 
the movement of the arm 42, and the wire 4 
thence leads to a contact 48 which is connected 
to a spring arm terminal 49 which is capable of 
being moved by the armature 42 so as to break 
the circuit between the contact 48 and the Spring 
arm 49, the latter being connected by a wire 50 
to one end of the rheostat resistance 26. Sim 
ilarly, the electromagnet 4 is connected by a 
wire 5 to a wire 52 which has a branch 53 lead 
ing to a contact 54 which is provided for com 
pleting a circuit through the armature 42 when 
moved by the electromagnet . The said wire 
52, in a similar manner, leads to a contact 55 
which completes the circuit with a Spring arm 
56 so that the circuit between the same and the 
contact 55 can be broken by pressure from the 
end of the armature 42 when moved by the elec 
tric magnet 40. This spring contact 56 is, fur 
thermore, connected by a wire 57 to one end of 
the rheostat resistance 30. 
The wires 38 and 39 leading to the electro 

magnets 40, 4 are also connected by a wire 58 
to the solenoid 44. Within the Casing 45 of the 
solenoid 44 there is a centering screw 59 having 
a lock nut 60 thereon, the said screw being pro 
vided with a conical end 6 for acting as a cen 
tering means within a conical recess 62 in an iron 
core 63 of the solenoid 44. The core 63 is pro 
vided with a yoke 64 on a reduced extension 65 
passing through an opening 66 which leads to the 
chamber in which the solenoid 44 is carried. The 
yoke 64 is attached at its lower side by a pivot 67 
to a rocker arm 68 carried on a pivot 69 in the 
sides of the casing 45, within a chamber 70 be 
neath the opening 66. It will be noted that the 
lower face of the lever arm 68 has a curved Sur 
face T, the curvature of which is selected to ac 
cord with the characteristics of the windings of 
the solenoid, for contacting with the outer end 
of an arm 72 carried on a fixed pivot T3 in the 
casing 45 within the said chamber 70. This cas 
ing 45 is secured in any desired manner to the 
top of an intermediate casing 74 which has a 
chamber 75 therein connected by a port to the 
chamber 70. Furthermore, the said arm 2 is 
supported upon the rounded upper end of a 
plunger rod 77 which passes through the top of 
the intermediate casing 74 into the chamber 75. 
Also, the lower end of the plunger rod has a 
rounded end contacting with the upper Surface 
of a rocker plate 78 having two hemispherical 
recesses 79 and 80 for receiving in the under face 
of said plate 78 an inlet valve rode and an outlet 
valve rod 82. The valve rod 82 has a helical re 
tracting spring around the same, the lower end 
of which is received in a recess 84 in the top of 
a valve casing 85, the upper end of the Spring 83 
being located against a spring retaining ring 86 
in the chamber 75 fastened to the rod 82. The 
valve casing 85, which may be secured to the in 
termediate casing 74 in any desired manner, is 
provided with vertical passages 87 and 88 to re 
ceive the rods 8 and 82, respectively. At the top 
of the passage 87 there is a screw-threaded recess 
Ta to receive a screw plug 8b which exerts a 
predetermined pinch on the rode by a compres 
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sible gasket 87c between washers 8d, of substan 
tially rectangular cross-section, and 8tle located 
above a dished washer 8.f. By this means the 
normal friction is minimized and the friction 
exerted on the plunger 77 will be the same when 
increasing forces as Well as decreasing forces are 
applied to the rod 8. The rod 8 extends down 
wardly through an inlet chamber 89 for receiving 
a high pressure liquid from any desired Source 
through a screw-threaded inlet opening 90 which 
has any desired tubular connection for this pur 
pose. Within the chamber 89 the rod 8 has a 
reduced end 9 carrying a conical valve 92 there 
on which is arranged to seat against a removable 
annular valve seat 93 supported by a shoulder 94 
adjacent to the chamber 89. Furthermore, be 
neath the valve 92 the rod 8 has a boss 95 to act 
as a guide for the helical spring 96, the upper end 
of which rests against the conical valve 92 while 
the lower end is supported in a recess 97 in a 
cover plate 98 provided with a chamber 99 there 
in and having a screw-threaded outlet port foo 
which may be connected by any suitable tubular 
means 0 to a passageway 02 in a casing 103 of a work-performing piston 104 on a piston rod 
O5 normally moved to the right, in Fig. , by a 

helical spring 106 against a movable disc to held 
in place by a supply ring 08 located in a recess 
O9. Furthermore, the chamber 99 has a dis 
charge port O within a valve seat ring Sup 
ported against a shoulder 2 in the valve casing 
85 adjacent to a chamber 3 which receives the 
lower end of the outlet valve rod 82 where said 
rod is provided with a conical valve 4 to co 
operate with a valve seat 5 on the upper portion 
of the valve seat ring fill. Also, the chamber 3 
is connected with an outlet or discharge port 6 
which is screw-threaded to receive any desired 
tubular connection for receiving the liquid when 
being discharged. It will be understood that the 
piston 103 may be a valve operating piston, as 
for instance the valve operating piston Such as 
is shown in Fig. 2 of my co-pending application 
Ser. No. 534,503, filed May 6, 1944, upon Electrical 
hydraulic power unit, Patent No. 2,443,642. 
As shown in Fig. 2, I may provide a modifi 

cation of the valve actuating mechanism in which 
it will be noted that the valve casing 85 is pro 
vided with the inlet valve rod 8 and outlet valve 
rod 82 as previously described. Also, these rods 
8 and 82 are operated by the same kind of 
rocker plate 78 as in the preceding form in Fig. 
1, as well as the spring 83 shown therein. How 
ever, in this instance the upper ends of the rods 
8 and 82 are received in a chamber 7 in a 
solenoid casing 8, having a chamber 9 there 
in and a passageway 20 which receives a valve 
operating plunger 2 resting on the upper face 
of the rocker plate 78. In this instance, further 

60 more, the upper end of the plunger 2 is con 
nected by a pivot 22 to a link 23, the other 

65 

75 

end of which is provided with a pivotal connec 
tion 24 to a pair of toggle levers f25 and 26. 
The toggle lever 25 is provided with an adjust 
ing rod 27 having a slot 28 cooperating with 
a stop pin 29 passing through an extension 30 
of the solenoid casing 8. The outer end of 
the rod 127 has secured thereto a screw 3 
around the outside of which there is an ad 
justing sleeve nut 32 provided with a flange 
33 resting against the outside end of the ex 
tension 30. A lock nut 34 has an annular 
shoulder 35 fitting against the outside of the 
flange 33 for securing the same in adjusted 
position. Within the chamber 19, furthermore, 
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there is a solenoid field coil 36 which is con 
nected by the wires 43 and 58 to the other parts 
of the control mechanism, as in Fig. 1. The field 
coil 36 has within the same an iron core 3 
which carries a pivot 38 for connection to the 
toggle levers f 25 and 26. The other end of the 
core 37 is also provided with a conical recess 39 
for cooperating with a conical end 40 of a guid 
ing screw 4f having a lock nut 42 and which is 
screw-threaded in the solenoid casing 8. 

In the operation of my invention, referring first 
to Fig. 1, the pilot may operate the pedal or the 
co-pilot may operate the pedal 2 for control 
ling the movement of the work-performing pis 
ton 04, the latter being provided for operating 
any of the desired parts of the aircraft to be con 
trolled, as for instance the wing flaps or elevat 
ing surfaces of the same. Each of the pedals 
and 27 operates in the same manner and the 

operation of only one thereof will be described 
in detail accordingly. When operating the pedal 
f it will be understood, of course, that by means 

6 
from the pivot 69 or axis of rotation of the lever 
arm 68 and thereby shift the point of applica 
tion of force between the lever arms 68 and 72 
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whereby the mechanical advantage is gradually 
decreased between the core 63 and valve-actuat 
ing plunger to thus compensate for the change 
in position of the core 63 with regard to the field 
coil of the Solenoid 44. Initially, however, due to 
the plunger 77 being nearer to the outlet valve 
rod 82, the outlet valve 4, 5 is closed, after 
which the valve 92, 93 is opened to the desired 
extent, thus admitting high pressure liquid from 
the inlet port 90 which enters the chamber 99 
and thence passes downwardly by the pipe O 
to move the piston 04 against the force of the 
Spring 06, to act as a servomotor. As fluid pres 
sure builds up in the chamber 99 and port fo 
and exceeds the mechanical force or pressure ap 
plied by the energized solenoid core 63 to the dis 
charge valve rod 82 and with which force the 
rod 82 is thrust down, the fluid pressure reacts 

of the arm 5 the rudder of the aircraft may be 
controlled by moving the rudder lever 3 about . 
this fixed pivot 4. As this occurs, however, it 
will be noted that the rudder lever 3 and the 
link 9 will be mounted in parallel to each other. 
In this way, by the rotation of the pedal around 
the pivot 2 the lever arms to and 2 can be 
rotated so as to move the pivoted arm over the 
outer curved surface 3 of the plunger rod Oper 
ating lever 4. In this manner the rheostat 
terminals 24 and 25 can be closed so that by the 

to move the valve rod 82 upward to open the 
discharge passage 0 to permit the pressure fluid 
to enter the chamber 3 and discharge port f6, 
upward movement of the valve rod 82 also rocks 
the plate 78 upwardly on the conical upper end 
of the inlet valve rod 8 as a fulcrum to there 

rotate the lever 72 upwardly about its pivot 3. 
30 

successive advance of the contact 24 over the 
contacts 25 the resistance of the rheostat will 
be successively decreased so as to increasingly 
energize the solenoid 44. The closing of the 
rheostat connections 24 and 25 will energize the 
electromagnet 40 through the wires 33, 3 f, cone 
tacts 24, 25, wire 80, contacts 49, 48, wires 47, 
46, magnet 40 and wires 38 and 37, thus at 
tracting the armature 42 and completing the cira 
cuit between the armature 42 and the terminal 
49 to energize the solenoid 44 while at the same 
time pushing the spring 56 away from the con 
tact 55 and thus preventing the control of the ap 
paratus being altered by the operation of the co 
pilot pedal 27 during the operation from the pedal 
. The circuit through the solenoid 44 is com 

pleted through the wires 33 and 3, contacts 24, 
25, wire 50, contacts 49, 48, wire 4, terminal 48a, 
armature 42, wire 43, wire 58 and wire 37. The 
same will take place in the reverse order, when 
the co-pilot pedal 2 is operated by energizing 
the magnet 4 instead of the pilot pedal . Thus, 
in the operation of the pedal f, as the contact 
24 is advanced over the series of contacts 25 an 
increased energizing of the solenoid 44 takes place, 
thus moving to the desired extent the cam sur 
face of the lever 68 downwardly against the 
lever arm 72. It may be noted that the can 
surface on the bottom of the ever arm 68 is 
arcuately convexly formed and constitutes a curve 
from one end of the arm to the other, the curve 
gradually extending upwardly from the portion 
thereof beneath the pivot 69 to the left extrem 
ity of the arm 68. Upon increasingly energiz 
ing the solenoid 44 and a consequent movement 
of the core 63 in an upward direction, the mov 
able pivot 67, connecting the arm 68 and core 
63, is also moved upwardly and the arm 68 is 
rotated in a counterclockwise direction about its 
fixed pivot 69 whereby rotation of the curved 
surface of the arm 68 will cause the lever arm 
72 to engage the surface at a varying distance 

40 

50 

by cause the plunger TT to move upwardly and 
Due to the engagement of the ever 2 with the 
cam surface 7 of the lever 68, the lever 68 will 
be rotated in a clockwise direction about its fixed 
pivot 69 and, through its pivotal connection at 67 
to the solenoid core 63, will exert a downward pull 
on the core 63 in opposition to the upward pull 
on the core exerted by the field coil of the sole 
noid 44. According to the extent of the move 
ment of the piston. 04 a corresponding reaction 
is produced on the pedal due to the increasing 
Opposition of the spring 8 to the further move 
ment of the pedal. When the manual pres 
Sure on the pedal or 2 is being relaxed the 
same Corresponding reaction or "feel' will be. 
experienced by the pilot or co-pilot correspond 
ingly with the pressure produced against the pis 
ton 04, the opposition of the spring 8 to move 
ment of the pedal or 27 being varied accord 
ing to the pressure against the piston 64 inas 
much as the pressure of the spring increases as 
the contact 24 is moved along the resistance 25 
to decrease the resistance with increased ener 
gization of the solenoid 44 whereby the core 63 
thereof is operative to control the modulating 
valve to permit increasing fluid pressure on the 
piston fo4. While the pressure is being relaxed 
from the pedal or the pedal 27 the pressure 
liquid will be allowed to discharge past the valve 
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f4, 5 to the discharge port f 6. At any point 
where the pedal is stopped, however, the valves. 
92, 93 and 3, 4 will be in lap position. This 
action will continue to the extent desired or un 
tl all of the high pressure liquid has been re 
leased from the pipe O to be discharged through 
the discharge port f6 and until the parts have 
thus been restored to their initial positions. 
In the modified form of my invention as shown 

in Fig. 2, the operation is the same as that al 
ready described except that in this instance the 
decreasing mechanical advantage is secured by 
the toggle levers 25, 26 in connection with the 
link 23 and the plunger 2f. Also, in this in 
stance it will be noted that the extent of this 
decreasing mechanical advantage can be adjusted 
or set to any desired proportion by means of the 
sleeve nut 32 which, when adjusted, is main 
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tained in its adjusted position by the lock nut 
134. More particularly, the adjustment for se 
curing the decreasing mechanical advantage of 
the toggle lever connection to the plunger 2 
may be readily obtained by rotating the lock nut 
34 to free the same from the flange 33 of the 

sleeve nut 32 to permit rotation of the nut 32 
which will, due to its threaded engagement 3 
secured to the rod 27, cause movement of the 
rod 27 to the left thereby moving the levers 25 
and 26 and the core 39 in the same direction. 
Due to these movements afforded by the pivotal 
connections of the lever 25 with the rod f2, 
the lever 26 to the core f39, and the connection 
of the levers at the pivot 24, the levers and core 
will be shifted to the left and with them the upper 
portion of the link - 23 connected thereto effect 
ing an inclination of the link to the left, due to 
its pivotal connection 22 to the plunger 2 
which is maintained in its vertical position be 
tween the walls of the opening 20. Upon ener 
gization of the solenoid 8 and movement of the 
core 39 to the right the angle of inclination of 
the link 23 will be such as to dispose the angular 
inclination of the levers 25- and 26 in almost 
coplanar relationship which will result in de 
creasing the mechanical advantage of the levers 
25 and 26 in connection with the link 23 and 

plunger 2. Upon energization of the solenoid 
and movement of the core 39 to the right, the 
approach of the pivot 24 and the levers to a 
common horizontal plane by the aforesaid ad 
justment will decrease the amount of travel of 
the levers toward said plane and thereby the 
travel of the link 23 and plunger f2 effecting 
operation of the rocker plate 78 and thereby the 
valve rods 8 and 82. 
By this means, therefore, modulating valve 

control of the movement of the work-perform 
ing device may be readily secured with sub 
stantially the same effectiveness of control as 
if the apparatus were entirely hydraulic, but in 
this instance any desired remote position can 
be provided for the manual controls without 
thereby in any way altering the speed or effec 
tiveness of the work-performing hydraulic fluid. 
This is accomplished, also, by Securing a degree 
of travel of the solenoid in each of the forms of 
my invention described which is coordinate to 
the extent to which the control mechanism has 
been operated and according to the hydraulic 
pressure delivered for the operation of the work 
performing device. 
While I have described my invention above in 

detail I wish it to be understood that many 
changes may be made therein without departing 
from the spirit of the same. 

I claim: 
1. In combination, a source of fluid pressure, 

a modulating waive controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism remote from 
said modulating valve and connected thereto by 
an electric circuit having a valve-operating Sole 
noid therein provided with a lever connection to 
said valve arranged to control the operation of 
said valve and affording a decreasing mechanical 
advantage between said valve and solenoid, said 
control mechanism having a manually operated 
reaction device in said circuit for effecting ener 
gization of said solenoid and adapted to produce 
a reaction corresponding to the pressures 
delivered 

2. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of in 
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creasing pressures to a device to perform work, 
and an electrical control mechanism remote from 
said modulating valve and connected thereto by 
an electric circuit having a valve-operating sole 
noid therein provided with a lever connection to 
said valve arranged to control the operation of 
said valve, said lever connection having a cam 
affording a decreasing mechanical advantage be 
tween said valve and solenoid, said control 
mechanism having a manually operated reac 
tion device in Said circuit for effecting energiza 
tion of said solenoid and adapted to produce a 
reaction corresponding to the pressures delivered. 

3. In combination, a Source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism remote from 
said modulating valve and connected thereto by 
an electric circuit having a valve-operating sole 
noid therein provided with a toggle lever connec 
tion to said valve arranged to control the opera 
tion of said valve and affording a decreasing 
mechanical advantage between said valve and 
Solenoid, said control mechanism having a man 
ually operated reaction device in said circuit for 
effecting energization of said solenoid and 
adapted to produce a reaction corresponding to 
the pressures delivered. 

4. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism, having al 
ternately operable dual controls therein, re 
mote from the modulating valve and connected 
thereto by an electric circuit having a valve 
operating solenoid therein, arranged to control 
the operation of the said valve, said control 
mechanism having an electro magnet arranged 
to close the circuit with the solenoid when one of 
the controls is operated and a circuit connection 
operated by the magnet to disconnect the other 
control from operating the Solenoid, said control 
mechanism having. manually operated reaction 
devices associated with respective controls and 
selectively operable thereby to energize said elec 
tro magnet and adapted to produce a reaction 
corresponding to the pressures delivered, 

5. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism, having 
alternately operable dual controls therein, re 
mote from the modulating valve and connected 
thereto by an electric circuit having a valve 
operating Solenoid therein, arranged to control 
the operation of the said valve, each of said con 
trols having a reaction device operatively con 
nected to said control mechanism to effect ener 
gization of Said solenoid producing a mechanical 
reaction corresponding to the pressures delivered, 
said control mechanism having a pair of electro 
magnets and a pair of switches having a switch 
arm forming the armature of the electro mag 
nets, arranged to close the circuit with the sole 
noid when one of the reaction devices is operated 
and a circuit connection operated by the magnets 
to disconnect the other reaction device from op 
erating the solenoid. 

6. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism having al 
ternately, operable dual controls therein, remote 
from the modulating valve and connected there 
to by an electric circuit having a valve-operating 
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solenoid therein, arranged to control the opera 
tion of the said valve, each of said controls have 
ing a reaction device operatively connected to 
said control mechanism to effect energization of 
said solenoid and producing a mechanical reac 
tion corresponding to the pressures delivered, 
said solenoid having a leverage connection to the 
valve providing a decreasing mechanical advan 
tage upon energization of said solenoid, said con 
trol mechanism having a pair of electromagnets 
and a pair of switches having a switch arm form 
ing the armature of the electromagnets, ar 
ranged to close the circuit with the solenoid when 
one of the reaction devices is operated and a 
circuit connection operated by the magnets to 
disconnect the other reaction devices from op 
erating the Solenoid. 

7. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism, having al 
ternately operable dual controls therein, remote 
from the modulating valve and connected there 
to by an electric circuit having a valve-operating 
Solenoid therein, arranged to control the Opera 
tion of the said valve, each of said controls hav 
ing a reaction device operatively connected to 
said control mechanism to effect energization of 
said solenoid and producing a mechanical reac 
tion corresponding to the pressures delivered, 
said solenoid having a leverage connection to the 
valve, said connection having a cam providing a 
decreasing mechanical advantage upon energiza 
tion of said solenoid, said control mechanism 
having a pair of electromagnets and a pair of 
switches having a switch arm forming the arma 
ture of the electro-magnets, arranged to close 
the circuit with the solenoid when one of the 
reaction devices is operated and a circuit con 
nection operated by the magnets to disconnect 
the other reaction device from operating the 
Solenoid. 

8. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism, having al 
ternately operable dual controls therein, remote 
from the modulating valve and connected there 
to by an electric circuit having a valve-operating 
Solenoid therein, arranged to control the opera 
tion of the said valve, each of said controls hav 
ing a reaction device operatively connected to 
said control mechanism to effect energization of 
said Solenoid and producing a mechanical reac 
tion corresponding to the pressures delivered, 
said solenoid having a toggle leverage connec 
tion to the valve, providing a decreasing mechan 
ical advantage upon energization of said solenoid, 
said control mechanism having a pair of electro 
magnets and a pair of switches having a switch 
arm forming the armature of the electromagnets, 
arranged to close the circuit with the solenoid 
when one of the reaction devices is operated and 
a circuit connection operated by the magnets to 
disconnect the other reaction device from op 
erating the solenoid. 

9. In combination, a source of fluid pressure, 
a modulating valve controlling the delivery of 
increasing pressures to a device to perform work, 
and an electrical control mechanism, remote 
from the modulating valve and connected thereto 
by an electric circuit having a valve-operating 
solenoid therein, arranged to control the opera 
tion of the said valve, said control mechanism 
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serted in said circuit to effect energization of 
said solenoid and a reaction device producing a 
reaction corresponding to the pressures delivered, 
said solenoid having leverage connection to the 
valve providing a decreasing mechanical advan 
tage upon energization of said solenoid and 
means for adjusting the effective positions of the 
levers forming the connection to effect the de 
creasing mechanical advantage. 

10. In a pressure modulating valve arrange 
ment including electrical operating means for 
said modulating valve, controlled remotely, and 
simulating manual operation of said valve, said 
modulating valve communicating with a source 
of pressure and having means balancing the same 
against being affected in its operation by said 
pressure, Said electrical means comprising a sole 
noid motor for moving said valve in the opening 
direction and connecting means between said 
solenoid and said valve including a can driven 
by said solenoid and a lever effective to transmit 
force from said cam to said valve, and means in 
cluuding a manually Operated rheostat for re 
motely adjusting the degree of energization of 
said solenoid in proportion to the pressure ex 
erted on said manual means for effecting the 
opening of said modulating valve in proportion to 
said manual pressure. 

11. In a pressure modulating valve arrange 
ment including manually operated remote elec 
trical control rheans therefor, a solenoid motor 
for operating said valve, under the influence of 
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said control, means defining a lever and can 
assembly connecting said solenoid, with said 
modulating valve, said last named means com 
prising a first ever pivoted intermediate the ends 
thereof on a fixed pivot, one terminal portion of 
said first lever being drivingly connected to said 
solenoid, one of said levers having a convex sur 
face thereon, a second lever having a fixed pivot 
and engageable with said convex surface posi 
tions varying in distance from the pivot of said 
first lever depending upon the Operative position 
of said solenoid and means connecting said sec 
Ond lever with said Wave. 

12. In a pressure modulating valve arrange 
ment including remotely controllable electrical 
operating means for said valve effective to sub 
stantially simulate manual movement of said 
valve, said arrangement including means placing 
said valve in communication with a source of 
pressure, a solenoid motor for moving said valve 
in the opening direction including a field wind 
ing and a reciprocable armature, the pulling force 
of said armature varying in accordance with the 
relative position of said armature with respect to 
said field and in accordance with the degree of 
energization of said field, connecting means dis 
posed between said armature and said modulat 
ing valve effective to compensate for said varia 
tion in pull on said armature particularly that 
variation due to change in the relative position 
between said armature and said field, said means 

5 including a first liever formed with a convex cam 
surface thereon, said cam lever being connected 
in driving relation to said armature, a second foll 
lower lever effective to follow said cam and to 
engage said. cam at varying distances from the 
pivot axis of rotation of said cam lever in ac 
cordance with the position of said armature with 
reference to said field, and means drivingly con 
necting said second lever with said valve and 
means including a manually operated rheostat 

having manually. Operable reaction device in 75 for adjusting the degree of energization of said 
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field in proportion to the manual pressure exerted 
on said last named means. 

13. In a pressure modulating valve arrange 
ment including remotely controllable electric 
means for operating the same to approximately 
simulate manual operation, said arrangement in 
cluding an on-modulating valve communicating 
with a source of pressure and having means bal 
ancing the same against being affected in its 
operation by said pressure, an off-modulating or 
relief valve position adjacent said on-modulat 
ing valve, resilient means normally urging said 
relief or return valve to the open position, a 
solenoid motor for first moving said relief waive 
into closed position and subsequently moving said 
modulating valve in the opening direction, the 
pulling force of said solenoid varying in accord 
ance with the operative position thereof, con 
necting means between said solenoid and said 
valves effective to compensate for said variation 
in the pulling force of said armature, said means 
including a first can lever, a second follower 
lever for following said can and effective to en 
gage said cam at a varying distance from the axis 
of rotation of said cam in accordance with the 
position of said solenoid, a walking beam-like 
lever engaging both of said valves, and connecting 
means between said second lever and said walk 
ing beam intermediate said terminal portions of 
said walking beam whereby upon energization of 
Said Solenoid said relief valve is first closed and 
said modulating valve is subsequently moved in 
the direction of opening thereof, and means in 
cluding manually operated rheostat for remotely 
adjusting the degree of energization of said 
Solenoid in proportion to the manual pressure 
exerted thereOn. 

14. In a system for pressure utilization, an in 
let for hydraulic fluid, a servo motor having a 
pressure responsive device receiving fluid there 
from, a pressure chamber means adapted to be 
Connected to a pressure-responsive device to con 
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12 
trol the servo motor, said chamber having an in 
let port and an outlet port, an inlet valve adapted 
to seat in said inlet port, having an area ex 
posed to the pressure in said chamber in a direc 
tion tending to seat said inlet valve, an outlet 
valve adapted to seat in said outlet port and hav 
ing an area exposed to pressure in said chamber 
in a direction tending to unseat said outlet valve, 
resilient means tending to seat said inlet valve, 
resilient means tending to unseat said outlet 
valve, means including a plunger exerting a vary 
ing pressure for operating the valves reactively to 
the pressures applied thereby and a resilient an 
nular sealing washer of substantially rectangular 
Cross section, around the inlet valve, the said seal 
comprising a spring means for providing a pre 
determined pinch so that the pressure from the 
pressure-exerting means acts on the inlet valve 
while minimizing the normal, friction of the 
Seal so that the varying force acting on the plun 
ger Will be substantially the same when increas 
ing amounts of pressure are applied as when de 
creasing amounts of pressure are applied. 

EDWARDA. ROCKWELL, 
REFERENCES CTED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 

449,662 Baxter -------------- Apr. 7, 1897 
721,499 Brennan ------------ Feb. 24, 1903 

1,145,911 McElroy ------------ July 13, 1915 
1,230,150 Geraghty ---------- June 19, 1917 
1,581,387 Clemence ---------- Apr. 20, 1926 
1,611,961 Thompson ---------- Dec. 28, 1926 
2,017,689 Down -------------- Oct. 15, 1935 
2,081.453, Hewitt ------------- May 25, 1937 
2,306,346 Rockwell ----------- Dec. 22, 1942 
2,348,439 Peterson ------------ May 9, 1944 


