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This invention relates to the art of servo-systems, more 
particularly of the hydraulic type. 

It is among the objects of the invention to provide a 
hydraulic servo-system which has but relatively few parts, 
not likely to become deranged even with long use, that is 
relatively simple to construct and includes a transmitter 
that may be operated with but a relatively simple manip 
ulation, to deliver fluid under pressure to a hydraulically 
controlled unit to effect displacement of such unit by an 
amount proportion-al to the displacement of the transmit 
ter and which will automatically compensate for varia 
tions in ambient temperature that may cause thermal eX 
pansion or contraction of the hydraulic ñuid in the system 
and which also may readily be reset for calibration there 
of. 
According to the invention, these objects are accom 

l plished by the arrangement and combination of elements 
hereinafter described and more particularly recited in the 
claims. 

This application is a continuation-in-part of copending 
applic-ation Serial No. 42,000, tiled July 12, 1960, now 
abandoned. 

1n the accompanying drawings in which is shown one 
or more of various possible embodiments of the several 
features of the invention, 

FTG. 1 is a diagrammatic View of one embodiment of 
the system, and 

FIG. 2 is a view similar to FIG. 1 of another embodi 
rnent. 

Referring now to the drawings, the servo-system in 
cludes a hydraulic pressure transmitter 1t?, desirably corn 
prising a substantially cylindrical casing 11 having end 
Walls 12 and 13 and having a piston 14 slidably mounted 
therein With a piston rod 15 añixed at one end thereto and 
having its other end extending through the end Wall 13. 
Suitable control means 16 are provided to move the pis 
ton 14 from one end of the casing 11 to the other. 
Each of the end Walls 12 and 13 of the casing 11 has 

a port 17 and 18. The port 17 is connected by line 19 
to the port 21 of a selector valve 22, said valve having 
additional ports 23 and 24. In one position of the valve, 
the ports 21 and 24 are connected and in another posi 
tion of the valve, the ports 23 and 24 are connected. 
The port 23 of valve 22 and the port 18 of casing 11 

are connected respectively by lines 25 and 26 to junction 
27 which in turn is connected by line 28 to the oil port 
29 of a pressure vessel 31, illustratively a pressure ac 
cumulator of any conventional type. 
As illustratively shown, the pressure accumulator com 

prises a rigid casing 32 in which a deformable partition 
33, preferably a bladder is positioned, said bladder being 
designed to be charged with fluid such as gas under pres 
sure through port 34 and the pressure vessel being de 
signed to be charged with iiuid such as oil under pressure, 
slightly above atmospheric, through line 35 which is there 
after closed by a valve 36. 
The pressure transmitter 10 is designed to control a 

hydraulic unit 41, Which also desirably comprises a sub 
stantially cylindrical casing 42 having end Walls 43 and 
44 and having a piston 45 slidably mounted therein, said 
piston having a piston rod 46 aiiìxed thereto at one end 
and having its other end extending through the end Wall 
44, said piston rod controlling any suitable movable mem 
ber. The end Wall 43 of hydraulic unit 41 has a port 47 
connected by line 48 to port 24 of valve 22 and the end> 
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wall 44 has a port 49 connected by line 51 to a port 52 
in end Wall 13 of pressure transmitter 10. 

In the embodiment shown, the dimensions of the pres 
sure transmitter 10 and the hydraulic unit 41 are so se 
lected that when the pistons 14 and 45 thereof are in the 
central position in the associated casings 11 and 42, the 
volume of chamber A1 will be substantially equal to the 
volume of chamber B1 Iand the volume of chamber A2 
will be substantially equal to that of chamber B2 and the 
effective area of each of the surfaces of pistons 14 and 45 
in chambers A, B, is greater than that of the surfaces of 
said pistons in chambers A2, B2 due to the piston rods in 
said latter chambers. 

In the operation of the unit, assuming that the chambers 
A1, A2 and B1, B2 are filled with ñuid and that the pistons 
14 and 45 are in the central position shown, with valve 22' 
connecting ports 21, 24, if the piston 14 is moved to the 
left, such movement of piston 14 will force fluid from 
chamber A1 into chamber B1, thereby causing the piston 
45 to move to the right a corresponding amount. 

If piston 14 is moved to the right from the central posi 
tion, the pressure in chamber B1 on the left side of piston 
45 will fall to zero and since the chamber B2 is subjected 
to the pressure in the accumulator 31, as Well as that from.E 
chamber A2, the piston 45 will move to the left by an 
amount related to the movement of piston 14 to the right. 

If, for example, due to leakage past the pistons in the 
units 10 and 41, they should become out of alignment, 
i.e., when the piston 14 of pressure transmitter 10 is in 
its central position the piston 45 of hydraulic unit 41 
should be to the left or right of its central position the 
system may readily be calibrated. 
To this end, with the valve 22 in position connecting 

ports 21 and 24, the piston 14 is moved to the extreme 
left. Thereupon, the valve 22 is turned to connect ports 
23 and 24. At this time, the chamber B1 will be con 
nected directly to the accumulator and chamber A1 cut 
off and although the chamber B2 is also connected to the 
accumulator, due to the greater active area of the left 
side of piston 45 which does not have the piston rod 46 
connected thereto, the piston 45 Will be moved by the 
accumulator pressure in chamber B1 to its eXtreme right 
position. 

In the embodiment shown in FIG. 2, which is sub 
stantially identical to that shown in FIG. l, identical parts 
have the same reference numerals primed. 

In the embodiment of FIG, 2, the valve 22’ is designed 
in one position to connect ports 21’ and 24’ and in a sec 
ond position to connect ports 21’1and 23’. 

Thus, in normal operation of the embodiment shown 
in FIG. 2, when ports 21' and 24’ of valve 22' are con 
nected, when the piston 14’ is moved to the left, the 
piston 45’ Will be moved to the iight. If piston 14’ is 
moved to the right the pressure in chamber B', to the left 
of piston 45’ will fall to zero and since the chamber B’Z 
is coimected to the accumulator 31’ the piston 45’ will be 
moved to the left. 
To reset the system shown in FIG. 2, in the event the 

pistons are out of alignment, the valve 22’ is positioned 
so that ports 21’ and 23’ are connected. This effectively 
seals the port 47’ of chamber B’1 so that not fluid can 
esc-ape or be discharged therefrom. The piston 14’ of 
transmitter 10 is then moved by member 16’ .to a position 
on its indicator 607: corresponding to the position of the 
piston 45’ of unit 41’ on its indicator otl’b. Thereupon, 
for normal operation of the device, the valve 22' is set 
so that ports 21’ and 24’ are connected. 

It is apparent from the foregoing that when the piston 
14, 14’ of pressure transmitters 10, 10’ is moved either to 
the left or to the right in normal operation of the unit, 
the piston 45, 45' of hydraulic unit 41, 41’ will move in 
the opposite direction an amount directly proportional to 
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the amount of movement of the piston 14, 14’ of pressure 
transmitter lil, llái’ and the position of the piston 45, 45’ 
and the movable member controlled thereby will be 
shown by indicators 69a, (rob, Gti’a, oti’b. Thus, remote 
control may readily be effected of the movable member, 
such as a bulkhead door from, say, the bridge of a ship. 

In the event of thermal expansion of the hydraulic fiuid 
in the system, the resultant increase of the volume of the 
fluid and resultant increase in pressure will cause excess 
fiuid to ñow into the accumulator 3l, 3ft' to avoid the 
possibility of rupture of any portion of the system. 

In the event of thermal contraction of the hydraulic 
fiuid in the system, the resultant decrease in the volume 
of the fluid will cause decrease in pressure so that due to 
the pressure on the fiuid in the accumulator 3l, 31', fluid 
will flow from the accumulator into chambers A2 and B2; 
A’2 and B’2 of the system when the valve 2?., 22’ is in 
the position shown and thereupon the system may then be 
recalibrated in the manner above described to compensate 
for decrease in the amount of fluid in chambers A1, B1 
and Arb B’l. 

It is of course to be understood that the position of 
the hydraulic unit 4f, 41’ may readily be transmitted to 
the location of the transmitter 1h, liti’ by any suitable 
electrical system. 
With the relatively simple system above described, 

movement of a hydraulically controlled unit by an 
amount proportional to the displace-ment of the movement 
of the transmitter may readily be accomplished and re 
setting of such units may also be readily accomplished, by 
a simple manipulation. 
As many changes could be made in the above construc 

tions, and many apparently widely different embodiments 
of this invention could be made without departing from 
the scope of the claims, it is intended that all matter con 
tained -in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
Having thus described my invention, what I claim as 

new and desire to secure by Letters Patent of the United 
States is: 

1. A hydraulic servo-system comprising a pressure 
transmitter comprising a casing having a piston slidably 
mounted therein, a hydraulic unit comprising a casing 
also having a piston slidably mounted therein, said pis 
tons defining a chamber on each side thereof in the re 
spective casings, means connecting the chambers on the 
respective sides of said pistons, the volume of the cham 
bers defined on each side of the piston of the pressure 
transmitter when said pistons are in central position be 
ing at least equal to the volume of the corresponding 
chambers defined on each side of the piston of the hy 
draulic unit, whereby movement of the piston of the pres 
sure transmitter will provide a movement of the piston 
of the hydraulic unit .an amount proportional to such 
first movement, means providing a source of fluid under 
pressure greater than atmospheric, the means connecting 
the chambers on the respective sides of the pistons com 
prising a permanent connection between corresponding 
chambers on one side of the pistons of said pressure 
transmitter and said hydraulic unit with said source of 
fluid under pressure, and valve means interposed between 
said source of ñuid under pressure and the chambers of 
said transmitter and said hydraulic unit on the other side 
of the pistons thereof, said valve means providing corn 
munication alternately between said last two chambers 
and between one of said last two chambers and the source 
of liuid, for recharging of said transmitter and said hy 
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draulic unit upon reduction in the volume of the fluid 
therein. 

2. A hydraulic servo-system compr-,rising a pressure 
transmitter unit and a hydraulic unit, each including a 
casing having a piston slidably mounted therein, and de 
fining a chamber on each side thereof, each of said pis 
tons having a piston rod secured thereto and extending 
through one end of the associated unit, whereby the effec 
tive area of the pistons in the chambers defined on one 
side thereof will be greater than the effective areas of the 
pistons in the chambers defined on the other side thereof, 
the volume of the chambers defined on each side of the 
piston of the pressure transmitter when said pistons are 
in central position being at least equal to the volume of 
the corresponding chambers defined on each side of 
the piston of the hydraulic unit, a source of tiuid under 
pressure greater than atmospheric, a two position valve 
having at least three ports, means connecting the first 
and second of said ports to the chambers of the pressure 
transmitter ‘and the hydraulic units in which the larger 
effective area of the associated piston is exposed, means 
connecting the third of said ports to said source of fluid 
under pressure and to the chamber of said pressure trans 
mitter in which the smaller effective area of the associated 
piston is exposed, means connecting said last named cham 
ber of said pressure transmitter and the corresponding 
chamber of said hydraulic unit, and means in' one 
position of said valve to connect the first and second ports 
and shut off said third port and in a second position to 
connect said second and third ports and shut off said first 
port. 

3. A hydraulic servo-system comprising a pressure 
transmitter unit and a hydraulic unit, each including a 
casing having a piston slidably mounted therein, and de 
fining a chamber on each side thereof, each of said pistons 
having a piston rod secured thereto and extending through 
one end of the associated unit, whereby the effective area 
of the pist-ons in the chambers defined on one side thereof 
will be greater than the effective areas of the pistons in 
the chambers defined on the other side thereof, the volume 
of the chambers defined on each side of the piston of 
the pressure transmitter when said pistons are in central 
position being at least equal to the volume of the corre 
sponding chambers defined on each side of the piston of 
the hydraulic unit, a source of fiuid under pressure greater 
than atmospheric, a two position valve having at least 
three ports, means connecting the first and second of said 
ports to the chambers of the pressure transmitter and the 
hydraulic units in which the larger effective area of the 
associated piston is exposed, means connecting the third 
of said ports to said source of fluid under pressure and 
to the chamber of said pressure transmitter in which the 
smaller effective area of the associated piston is exposed, 
means connecting said last named chamber of said pres 
sure transmitter and the corresponding chamber of said 
hydraulic unit, and means in one position of said valve to 
connect the first and second ports ̀ and shut off said third 
port and in a second position to connect said first and 
third ports and shut off said second port. 
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