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The present invention relates to hydraulic con 
trol apparatus and more particularly to appa 
ratus for selectively controlling the rate of fluid 
flow from a scurce of fluid pressure to either of 
a pair of conduits, such as the fluid connections 
to a servOmotor. 

Heretofore, it has been customary to provide 
hydraulic control apparatts inaving amplifying 
means to move a main control valve by... the op 
eration of a pilot or auxiliary valve. Generally 
the amplifying means takes the form of a pair 
of cylinders and pistons which are arranged to 
move the main valve and are connected by fluid 
conduits to the auxiliary or pilot valve which se 
lectively connects the conduits to either the fluid 
pressure source or drain. In this way, the main 
valve is operated by the fluid pressure which in 
turn is controlled by the auxiliary valve so that 
the force required to operate the auxiliary waive 
is only a fraction of that required to move the 
main valve, and only a Small controlling force is 
therefore required to obtain movement of the 
main valve. However, these arrangements have 
the disadvantage in that when the auxiliary wave 
is opened a small amount, the main valve is 
moved to either a completely "on' or a complete 
ly "off' position so that there is no proportional 
movement of the main Valve with respect to the 
movement of the auxiliary valve. With the ar 
rangement of an auxiliary valve to move the 
main Wave control member it is difficult to ob 
tain any movement of the main valve except the 
above-referred to 'on' 'off' movement unless 
the pressure of the operating fluid is carefully 
controlled and proportioned to a centering force 
on the main valve control member such as the 
force available from centering springs. 

Heretofore, it has also been the practice to use 
a mechanical linkage between the auxiliary valve 
and the rain Waive when it was desirable to ob 
tain a proportional novement of the main valve 
with respect to the auxiliary valve. However, 
these mechanical linkages permit undesirable 
leakage and further complicate operation of the 
apparatus. / 

It is therefore an object of my invention to 
provide an improved hydraulic control apparatus 
in which the movement of a main valve is pro 
portional to the direction and magnitude of the 
displacement of an auxiliary valve. 
A further object of my invention is to provide 

control apparatus in which the displacing force 
On the main valve is proportional in direction 
and magnitude to the displacing force on the 
auxiliary Wave. 
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A still further object of my invention is to pro 
vide control apparatus which is compact and self 
contained without external mechanical linkage 
members between the main and auxiliary valves. 
Further objects and advantages of my inven 

tion will become apparent and my invention will 
be better understood from the following descrip 
tion referring to the accompanying drawing, and 
the features of novelty which characterize my 
invention will be pointed out with particularity 
in the claims annexed to and forming a part of 
this specification. 

In the drawing: 
Fig. 1 is a cross sectional view of hydraulic 

control valve apparatus embodying my inven 
tion. With the output conduits connected to a 
hydraulic servomotor. 

Fig. 2 is a graph of the operating pressures in 
the pressure sensing lines 3 and 32 when the 
auxiliary valve is moved from center or neutra 
position, 

Referring now to Fig. 1, there is shown a cas 
ing having a fluid pressure supply line 2, a pair 
of output conduits 3 and 4 and four fluid drain 
connections 5, 6, 7 and 8. To supply fluid under 
pressure to both a main valve and an auxiliary 
valve, the fluid conduit 2 is connected to pas 
Sage 9 which in turn communicates with a dis 
tribution chamber fo surrounding the center 
and of the auxiliary valve. From chamber 9 
fluid under pressure is admitted through passage 
f to chamber 2 surrounding the center land 
of the main valve. A pair of through bores 3 
and 4 respectively intersecting the chambers O 
and 2 are provided for the three-land control 
members 5 and 6 respectively reciprocable in 
bores 3 and 4. The fluid drain conduits 5 and 
6 are respectively connected to passages 7 and 
8 which in turn communicate with bore 4 and 
are normally adapted to be covered by the outer 
lands of control member 6 of the main valve. 
In order that control member 6 may selectively 
Connect output conduits 3 and 4 to either fluid 
pressure supply chamber 2 or to drain passages 

or 8, a pair of passages 9 and 20 are con 
nected between the output conduits 3 and 4 and 
the recessed portions of the control member 6. 
For the purpose of centering the main valve con 
trol member 6 in a neutral position, I have pro 
vided spider springs 2 and 22 and threaded 
stub shafts 23 and 24 which are held by the 
Springs and are adapted to engage the ends of 
control member 6. Adjusting nuts 25 and 26 
are provided on the stub shafts for adjusting the 
position of contro member 6 and the centering 
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force on the control member. In order to move 
the main valve control member from the neutral, 
or center, position, piston means have been pro 
vided such as pistons 27 and 28 respectively re 
ciprocable in cylinder means 29 and 30. A pair 
of pressure Sensing lines 3 and 32 for supplying 
fluid under pressure to cylinder means 29 and 30 
respectively are connected between the cylin 
ders and the bore 3 opposite the recessed sec 
tions of auxiliary control member 5. 

Heretofore, it has been customary to displace 
the main valve control member 6 from its cen 
tered or neutral position by Selectively connect 
i:ng either line to the fluid pressure source 
and line 32 to drain, or reversing these connec 
tions to operate pistons 27 and 28. However, as 
mentioned before, these connections will provide 
only a completely "on" or 'off' positioning of 
control member 6 unless the pressure of the 
motive fluid is carefully proportioned to the ten 
sion on centering springs 2 and 22. To over 
come this "on'-'off' movement of member 6 
and to make the movement proportional to the 
magnitude of the movement of auxiliary control 
member 5, I have provided pressure controlling 
means adapted to apply pressure to lines 3 f and 
32 proportional in direction and amount to the 
movement of member 5 from its centered or 
neutral position. This pressure controlling 
means is provided by a pair of bypass conduits 
33 and 34 connected between bore 3 and drain 
passages 35 and 36. Passages 35 and 36 in turn 
communicate with the drain connections and 
8 and also with the respective ends of bore 3. 
The end lands of control member 5 are nor 
mally positioned to cut off direct communication 
between bore 3 and passages 35 and 36. How 
ever, it will be noted that the center land of the 
control member 5 is underlapped so that fluid 
under pressure in chamber fo is permitted to 
enter bore 3 around the under cut portions of 
control member 5 on either side of the center 
land. This fluid under pressure in chamber 
passes to the drain passages 35 and 36 through 
bypass lines 33 and 34. Adjustable needle 
valves, such as members 37 and 38, are fixedly 
mounted in lines 33 and 34 respectively to reduce 
fluid pressure to the lines 3 and 32, by allowing 
a restricted flow of fluid through an orifice to 
the passages 35 and 36. Nuts 39 and 40 are pro 
vided on needle valves 3 and 38 to lock the 
valves in place. 
In order to center control member 5 and dis 

place it in either direction from the center or 
neutral position, I have provided an electrically 
Operated Solenoid member 4 having a core 42 
provided with a threaded shaft extending 
through both ends of the core 42. The core is 
adapted to be centered with respect to the coil 
43 and with respect to the control member 5 
of the auxiliary valve by spider springs 44, 45 
and stub shaft 46, which bears against the op 
posite end of control member 5. Spider spring 

positions stub shaft 46 to assist the center 
ing action of control member 5 and solenoid 
core 42. Adjusting nuts 48, 49 and 50 are pro 
vided at each of the spider springs to regulate 
the Spring force for centering control member 
5 and Solenoid core 42. 
This control apparatus may be used in so 

called "fail safe' applications in which it would 
be desirable to shut off the function under con 
trol in case of failure of electrical power to the 
Solenoid 43. To provide for such a contingency, 
either the main valve f6 or the auxiliary valve 
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4. 
5 may be adjusted to be off center when no 
power is Supplied to the Solenoid 43 by means of 
the adjusting nuts 24 and 25 and 48 and 49 re 
Spectively. 
Due to the leakage of fluid under pressure be 

tween pistons 2 and 28 and their respective 
cylinders 29 and 3G, a passage 5 has been pro 
vided to equalize the pressures between cham 
bers 52 and 53, which are adjacent the ends 
of the main valve control member. Passage 5 
is provided to prevent possible false operation of 
the control member in the event that the pres 
Sure in One of the chambers 52 or 53 exceeds that 
in the opposed chamber. A similar passage 56 
is provided for a like purpose between chambers 
55 and 56 at the ends of the auxiliary valve 
control member 5. 

In Fig. 2 I have shown a graphical represen 
tation of the proportional characteristic pro 
duced in lines 3 and 32 by plotting the move 
ment of auxiliary valve control member 5 
versus the pressures in lines 3 and 32. As 
shown, pressures P1 and P2 representing the 
preSSures in lines 3 and 32, respectively, are 
equal when control member 5 is in the neutral 
or centered position. However, when member 5. 
is displaced to the left from the position shown 
in Fig. i., pressure P1 decreases while pressure P2 
increases a corresponding amount thereby pro 
ducing a differential pressure between the lines 
3 and 32 which is proportional to the amount 
of displacement of member 5. With control 
member 5 displaced to the right a differential 
preSSure in the opposite direction or sense is 
developed between the lines 3 and 32. This 
differential pressure is likewise proportional to 
the amount of displacement of the control 
member. 

If there were no resisting force to the pressure 
diffeerintial between P1 and P2, the valve 6 would 
be moved to the limit of its travel according to 
the direction of the pressure differential. The 
Spider Springs 2 and 22 provide the biasing force 
necessary to resist this pressure differential in 
Order to maintain the movement of the valve is 
proportional to that of the auxiliary valve 5. 
Adjustraent of the spider springs is made to coor 
dinate maximum opening of the valve 6 with 
maximum travel of the valve 5. 
The auxiliary valve 5 shown in Fig. 1 of the 

drawing, has an underlapped center land and 
exhaust lands that have no lap. With the auxil 
iary valve 5 in the neutral position, the pres 
Sures P1 and P2 are equal at the higher value as 
shown in full in Fig. 2, since there are orifices at 
each end of the center land through which fluid 
can pass into the conduit 3. The dotted lines 
of Fig. 2 represent the comparative pressures in 
the Sensing lines 3 and 32 when the center land 
has substantially no underlap and are designated 
P1, and P2’. For this condition P1’ and P' are 
equal at the center position of the valve but the 
orifices around the ends of the center land are 
Smaller than they are in underlapped construc 
tion. 

If the center land were overlapped, the point of 
equal preSSure would be still lower on the line 
representing the neutral valve position since the 
leakage to the conduit f3 would be still less. 

Operation of my control apparatus is as fol 
lows: With the auxiliary control member 5 in a 
centered or neutral position, fluid under pressure 
entering through conduit 2 fiows to chamber 0 
and then through the passages 33 and 34 into 
drain passages 35 and 36 respectively at the same 
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rate of flow. Due to the flow through passages 
33 and 34 fluid pressures will be established in 
pressure sensing lines 3 and 32 dependent upon 
the rate of flow through passages 33 and 34. 
With control member 5 in the centered or neu 
tral position, it will be understood that the pres 
sures in the passages 3 and 32 will be equal and 
with these equal pressures applied to pistons 27 
and 28 respectively the control member 6 of the 
main valve will be held in its centered position 
so that there is no fluid flow to output conduits 
3 and 4. However, with an electric signal applied 
to coil 43 of solenoid 4 as by increasing the cur 
rent supplied to the coil, core 42 is moved to the 
left as viewed in Fig. 1, thereby moving control 
member 5 likewise to the left. In this way the 
fluid pressure in chamber 0 is more readily ad 
mitted to passage 34 and simultaneously the flow 
to passage 33 is reduced so that a higher pressure 
is developed in line 32 than that produced in line 
3. Accordingly, the control member 6 is moved 
to the left thereby connecting passage 20 and 
output conduit 4 to the fluid pressure Supply 
chamber 2 while at the same time opening out 
put conduit 3 to drain line 5 through the bore 4. 
The control member 6 of the main valve may 

be made to operate in the reverse direction there 
by reversing the connections to output conduits 
3 and 4 by decreasing the current supplied to coil 
43 and thereby moving control member 5 of the 
auxiliary valve to the right and increasing the 
rate of flow through passage 33 and, at the same 
time, reducing the flow through passage 34. Due 
to the fact that pressure sensing lines 3 and 32 
are not directly connected either to the fluid 
pressure supply. line or the drain lines a propol 
tional movement of the main valve control Inen 
ber 6 is obtained rather than an 'on'-'off' ac 
tion, which would be produced by directly con 
necting the pressure sensing lines with the Sup 
ply force pressure or to drain. However, since 
lines 3 and 32 are adapted to sense the preSSure 
in lines 33 and 34 a proportional control of the 
main valve is obtained relative to the direction 
and magnitude of the displacement of the auxil 
iary control member 5. In this way the rate of 
fluid flow to output conduits 3 and 4 may be 
closely regulated and such rates of flow made pro 
portional to the electrical signal applied to the 
control Solenoid. 

It will be understood by those skilled in the art 
that this ability to control the rate of fluid flow 
to output conduits 3 and 4 in proportion to the 
signal applied to an electrical control solenoid is 
particularly useful in controlling the movement 
of a servomotor since the speed of the movable 
member of the Servonotor is dependent upon the 
rate of flow of the motive fluid. 

It will also be understood that various modifi 
cations may be made in the construction of the 
control apparatus such as using the ends of the 
control member 6 as the operating pistons for 
the main valve. While separate drain lines 5, 6, 
and 8 have been shown in the preferred en 

bodiment for the sake of clarity, it will be ap 
parent that these lines may be interconnected 
within the body of the valve and a single drain 
connection provided to casing . 
While I have illustrated and described a par 

ticular embodiment of my invention, modifica 
tions thereof will occur to those skilled in the art. 
I desire it to be understood, therefore, that my 
invention is not to be limited to the particular 
arrangement disclosed, and I intend in the ap 
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6 
do not depart from the spirit and scope of my 
invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. Hydraulic control apparatus comprising a 

source of fluid pressure, a pair of fluid conduits, 
a pilot valve member connected between said 
conduits and said source for simultaneously valry 
ing the rate of flow of fluid from said source to 
each of said conduits, said pilot valve member 
including a center land for varying an inlet open 
ing and two end lands for varying two discharge 
openings, the end land variable discharge open 
ings being normally closed when said pilot valve 
member is in a central position, a flow restricting 
means fixedly mounted in each of said conduits, 
a main valve member for selectively connecting 
either of a pair of output conduits to said Source, 
pressure responsive means for operating Said 
main valve and a pair of pressure sensing lines 
between said pressure responsive means and the 
upstream side of the flow-restricting means in 
said fluid conduits whereby said main valve ments 
ber may be moved in response to variations in 
flow in said fluid conduits. 

2. Hydraulic control apparatus for Selectively 
connecting either of a pair of fluid output con 
duits to a source of fluid pressure, said apparatus 
comprising a main valve between said output 
conduits and said source of fluid pressure adapted 
to be selectively operated by a pair of pressure 
responsive devices in accordance with the dif 
ference in pressure in a pair of pressure sensing 
lines wherein the pressures are varied in Sense 
and magnitude by an auxiliary valve, said auxil 
iary valve being connected between said Source 
of fluid pressure and a pair of fluid by-pass con 
duits to simultaneously change the rates of fluid 
flow through said fluid by-pass conduits, a flow 
restricting means mounted in each of Said by 
pass conduits, the size of the passage through 
said restricting means being independent of the 
position of said auxiliary valve, said pair of pres 
sure sensing lines being connected to said fluid 
by-pass conduits on the upstream Side of Said 
restricting devices whereby said differences in 
pressure are developed by said simultaneous 
changes in flow rate through said fluid by-pass 
conduits. 

3. Hydraulic control apparatus comprising a 
main valve having a control member movable to 
connect either of two Output conduits to a source 
of fluid pressure, means for biasing said control 
member to a predetermined initial position, a 
pair of pressure responsive devices connected to 
Said control member for displacement thereof 
from said predetermined initial position, Said 
pressure responsive devices being connected in 
opposed relation so as to move said control mem 
ber in accordance with the sense and magnitude 
of the difference of two pressures applied re 
spectively thereto, an auxiliary valve connected 
to Said Source of fluid pressure, a pair of fluid 
by-pass conduits connected to said auxiliary 
valve each having flow restricting means posi 
tioned therein in displaced relationship to said 
auxiliary valve, an auxiliary valve control men 
ber movable to simultaneously and gradually 
Waly in opposite directions the rates of flow 
through said fluid conduits and a pair of pressure 
Sensing lines for separately Subjecting said pres 
Sure responsive devices to the pressures in said 
fluid conduit on the upstream side of said flow 
restricting devices therein whereby said main 
valve control member is proportionally positioned 
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in accordance with the displacement of said auxil 
iary valve control member from a balanced flow 
position. 

4. Hydraulic control apparatus comprising a 
pair of fluid conduits connected to a fluid pres 
Sure Source and having flow restricting means 
positioned in each of said conduits, pressure 
Sensing lines connected to said conduits on the 
upstream side of said flow restricting means, an 
auxiliary valve having a control member con 
nected between said conduits and said source in 
a position displaced from said flow restricting 
ineans for progressively varying the proportion 
of fluid flow from said fluid source to said re 
Spective fluid conduits whereby the pressure in 
Said Sensing lines may be varied in sense and 
magnitude in accordance with the displacement 
Of Said control member from a balanced flow 
position, a main valve adapted to selectively con 
nect either of two output conduits to said fluid 
preSSure Source, biasing means for maintaining 
Said valve in a predetermined initial position and 
a pair of pressure responsive devices connected to 
said pressure sensing lines and adapted to move 
Said valve in accordance with the direction and 
amount of pressure difference between Said SenS 
ing lines whereby said main valve may be dis 
placed from said predetermined position in pro 
portion to the displacement of said auxiliary 
valve control member. 

5. Hydraulic control apparatus comprising a 
main valve having a movable control member for 
connecting either of two output conduits to a 
Source of fluid pressure, Spring members for bias 
ing said control member to a predetermined 
initial position, a pair of fluid conduits con 
nected to said source of fluid pressure, each of 
said fluid conduits having orifice means therein, 
an auxiliary valve including a control member 
connected between said conduits and said source 
in a position displaced from said orifice means for 
simultaneously and gradually varying in opposite 
directions the rates of flow through said fluid 
conduits, a control device for displacing said 
auxiliary valve control member in either direc 
tion from a balanced flow position, a pair of pres 
Sure sensing lines connected to said fluid conduits 
on the upstream side of said orifice means, cyl 
inder means adjacent said main valve and con 
nected to said Sensing lines and pistons recip 
rocable in said cylinder means for moving said 
main valve from said predetermined position in 
accordance with the sense and magnitude of the 
difference in pressures in said sensing lines where 
by Said main valve control member may be dis 
placed from said predetermined position in pro 
portion to the direction and amplitude of the dis 
placement of said auxiliary valve from said 
balanced flow position by said control device. 

6. Hydraulic control apparatus for selectively 
controlling the fluid flow from a source of fluid 
pressure to a pair of output conduits, said ap 
paratus comprising a pair of fluid conduits con 
nected to said source of fluid pressure, each of 
said conduits having flow restricting means 
therein, an auxiliary valve having a control mem 
ber connected between Said conduits and said 
source in a position displaced from said flow re 
stricting means for simultaneously and progres 
sively varying in opposite directions the rate of 
flow through said fluid conduits whereby move 
ment of said control member from a balanced 
flow position produces an increase in pressure in 
one of said fluid conduits and a corresponding de 
crease in pressure in the other of Said fluid con 
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8 
duits dependent, upon the direction of said move 
ment, spring members for biasing said valve to 
a predetermined initial position, solenoid means 
for displacing said valve in either direction fron 
Said initial position, a main valve for selectively 
connecting either of said output conduits to said 
source of fluid pressure, spring members for bias 
ing said main waive to a predetermined initial 
position, a pair of cylinders in opposed relation 
having pistons reciprocable therein adapted to 
move said main valve in either direction from 
said predetermined position and a pair of pres 
Sure sensing lines connecting said cylinders to 
said fluid conduits between said auxiliary valve 
and said flow restricting ineans whereby said 
main valve may be gradually moved in accord 
ance with the Sense and magnitude of the dif 
ference in pressure between said fluid conduits. 

7. Hydraulic control apparatus comprising a 
pair of fluid conduits connected to a fluid pres 
sure source and having flow restricting means 
fixedly mounted in each of said conduits, pressure 
Sensing lines connected to Said conduits on the 
upstream side of said flow restricting means, an 
auxiliary valve having a control member con 
nected between said conduits and said source in 
a position displaced from said flow restricting 
means for progressively varying the proportion 
of fluid flow from Said fluid Source to Said re 
spective fluid conduits whereby the pressure in 
said sensing lines may be varied in accordance 
with the displacement of said control member 
from a balanced flow position, a main Valve hav 
ing a control member for selectively connecting 
either of two output conduits to said fluid pres 
sure source, means for biasing said main waive 
control member to a predetermined initial posi 
tion and a pair of pressure responsive devices 
connected to said pressure sensing lines for mov 
ing Said main valve control member in a direc 
tion COrresponding to the Sense of the pressure 
unbalance between said pressure sensing lines 
and in an amount proportional to the difference 
in preSSures in Said pressure sensing lines where 
by said main valve control member may be con 
trollably positioned in accordance with the dis 
placement of said auxiliary valve control mem 
ber from said balanced flow position. 

8. A two-stage hydraulic servo apparatus for 
controlling a hydraulic pressure fluid utilization 
device comprising a main servo valve for directly 
regulating the flow of hydraulic pressure fluid 
to the pressure fluid utilization device, piston 
means for positioning said main servo valve in 
accordance with a difference in two control preS 
Sures applied to Said piston means, an auxiliary 
hydraulic servo valve for regulating the pressures 
applied to said piston means including a center 
valve land for controlling the entrance of hy 
draulic pressure fluid into said auxiliary valve, 
end lands for controlling drain line Connection 
openings at the respective ends of said auxiliary 
valve, pressure sensing conduits connected from 
said auxiliary valve at points between said center 
land and each of said end lands to said piston 
means, bypass conduits each having an adjust 
able restricted flow area, connected from Said 
auxiliary valve bore at positions between said 
center land and said end lands to drain line open 
ings whereby the fluid pressure on each side of 
said auxiliary valve and the connected piston is 
dependent upon the flow of hydraulic pressure 
fluid into that side, a restricted pressure relieving 
outward flow being provided by said bypass pas 
SageS. 
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9. A two-stage hydraulic servo valve apparatus 
for controlling the position or speed of a hy 
draulic pressure fluid utilization device compris 
ing a main servo valve having tWO Outlet con 
duits for conveying hydraulic pressure fluid to 
the pressure fluid utilization device, said main 
Servo valve being connected to a Source of pres 
sure fluid whereby movement of said valve in 
either direction from an initial central position 
connects said source of pressure fluid to One of 
said outlet conduits, a pair of opposed hydraulic 
preSSure fluid actuatable pistons for positioning 
said main servo valve, the position of Said main 
servo valve being determined in accordance with 
the difference in pressures applied to said pistons, 
an auxiliary hydraulic servo valve for regulating 
the pressures applied to Said pistons including a 
central connection to said source of hydraulic 
pressure fluid, a center valve land for controlling 
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the entrance of hydraulic pressure fluid from said 20 
source into Said auxiliary valve, end lands for 
controlling discharge openings at the respective 
ends of Said auxiliary valve, pressure Sensing con 
duits connected from Saidi auxiliary valve at 
points between said center land and each of said 25 

10 
end lands to said pistons, bypass conduits each 
having an adjustable restricted flow area con 
nected from said auxiliary waive bore immedi 
ately adjacent each side of Said center land to 
drain line openings whereby the fluid pressure 
On each side of said auxiliary valve and the con 
nected piston is dependent upon the flow of hy 
draulic pressure fluid into that side, a restricted 
pressure relieving outward flow being provided 
by Said bypass paSSages. 

EARLE. R. WALTHERS. 
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