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This invention relates to hydraulic actuator 
systems, particularly the close manually oper 
able type, wherein a transmitter or pump unit 
including a cylinder and piston, usually known 
as a master unit, and a receiver or motor unit 
likewise including a cylinder and piston, are cou 
pled and arranged in such manner that the 
latter will operate to actuate or control a device, 
mechanism or control element, in direct re 
sponse and correspondence to the manipulation 
of the master unit. Systems of this character 
are exempli?ed in my pending application Se~ 
rial No. 499,429 ?led August 20, 1943, for Com 
pensator-accumulator unit for hydraulic sys 
tems, and Serial No. 502,343 ?led September 14, 
1943, for Thermal compensator for hydraulic 
systems, 
The primary object of the present invention 

is to provide a system of the character described 
which is constructed and arranged so that a 
receiver or motor unit operatively connected to 
a device, mechanism, control lever or member 
to be actuated thereby, is subject to the desired 
selective operation responsive to manipulation of 
any one of a plurality of master units located. 
at control stations remote from one another, 
for example, in aircraft and surface craft and 
at other places where it is desirable to have a 
plurality of control stations remote from one 
another and the motor unit. In the case of a 
ship, for example, one of the master units may 
be located in the wheel house, another of the 
master units on the flying bridge, and a third 
master unit in the engine room, while the motor 
unit is located where it is desired to actuate a 
device, mechanism or control, thereby making 
possible an accurate and quick control, for ex— 
ample, of an engine throttle, from any of the 
control stations thus established. 
Another object of this invention is to provide 

a multiple control system of the character de 
scribed which is of simple and light weight con 
struction, may be readily and easily installed and 
will be accurate and reliable as to performance. 
A further object is to provide a system such 

as described in which each master unit will op 
erate in direct response and correspondence to 
the one of the plurality of such units which is 
manipulated to operate the system, thereby dis 
posing the operating lever or handles of such 
units in, corresponding positions whereby at each 
vcontrol station a tell-tale indication is had as 
to the nature and extent of operation of the 
motor unit responsive to given manipulation of 
any one of the master units. 
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Yet another object of my invention is to pro 

vide a multiple control system such as described 
which is simpli?ed and rendered highly efficient 
by reason of being made up of a plurality of sep 
arate closed hydraulic systems which by means 
of a novel mechanical coupling of .master units 
of such systems at one of the control stations 
causes such systems to operate in unison re 
sponsive to manipulation of any one of the 
naster units at the several control stations. 
With the foregoing objects in View, together 

with such other objects and advantages as may 
subsequently appear, the invention resides in 
the parts and in the combination, construction 
and arrangement of parts hereinafter described 
and claimed, and illustrated by way of example 
in the accompanying drawing, in which: 

Fig. 1 is a schematic view of a system embody 
ing the present invention, with certain parts and 
elements shown in section and other parts and 
elements in elevation, for the sake of clarity of 
illustration; 

Fig. 2 is a fragmentary sectional view of the 
hydraulic locking means of the motor unit. 
Referring to the drawing more speci?cally it 

will be apparent that a system embodying my 
invention will include a plurality of transmitter 
or master units for controlling and operating 
a receiver or motor unit and the present embodi 
ment provides for three master units designated, 
A, B and C‘ respectively and an actuator or mo 
tor unit D which latter may be connected to a 
mechanism or element (not shown) which is to 
be operated or controlled thereby. 
Each of the master units A and C is identical 

and consists of a cylinder l in which a piston 2 
is arranged to be moved responsive to manipu 
lation of an operating handle or lever 3 con 
nected by links ll to the piston rod 5. 
The master unit B consists of identical cyl 

inders 6 and ‘l corresponding in size and capac~ 
ity to the cylinders of units A and C‘ and con 
taining pistons 8 and 9 and piston rods l0 and 
i I. The cylinders 6 and l are united or fastened 
together in side by side relation and the rods It! 
and H are mechanically coupled to one another 
for joint and corresponding‘movement respon 
sive to a common operating handle 12. This 
handle is ?xed to a cross head I3 secured to and 
extending between two levers I4 connected to the 
piston rods I9‘ and H. 

The’ actuator or motor unit D includes 2, cyl 
inder t5, similar to cylinders l, 6 and land pro 
vided with a piston l6‘ and a piston rod ll. This 
piston rod is coupled by a link l8 to a lever l9 
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to which a rod 20 is connected whereby a device, 
throttle or other element maybe moved when 
the motor unit piston is moved. 
In association with this motor unit is a hy 

draulic locking means which will prevent exter 
nally applied loads transmitted through the lever 
I9 from moving the piston l6 and likewise moving 
the pistons in the several master units while hold 
ing the motor actuated mechanism or element in 
the desired position. This hydraulic locking 
means includes spring loaded valves 2! and 22 
arranged to control the ?ow of ?uid through pas 
sages 23 and 24 leading through the walls of the 
motor cylinder to opposite ends of said cylinder. 
These valves seat against tubular seat members 
25 and are arranged ‘to open responsive to pres 
sure of operating ?uid delivered to the motor unit 
from the other units of system, but will close inci 
dent to ?uid pressure applied thereto as when 
the piston 16 tends to move responsive to exter 
nal forces applied through the lever H). A valve 
operating piston 26 is reciprocable in a cylinder 
bore 21 between the passages 23 and 24 whereby 
the piston 26 will respond to’ operating ?uid 
directed through either of the passages. Pro 
jections 28 on the piston 26 are arranged to con 
tact and unseat the valves 2| and 22. If valve 
2! opens responsive to operating ?uid delivered 
to the motor unit from the other units through 
passage 23, the piston 25 will be forced to the 
right and open valve 22 which latter then allows 
return ?uid to ?ow from, the motor cylinder 
through passage ‘24. When valve 22 is opened 
by pressure ?uid delivered through passage 24, the 
piston 25 will move to the left and open valve 21 
as the “return” valve. 
In the present embodiment of-my invention 

there are provided two closed hydraulic systems’ 
‘which act in unison. One of these systems in 
cludes the master unit A and the cylinder 6 of the 
master unit B, there being dual ?uid lines 29 and 
38 connected at their ends to corresponding ends 
of the cylinders I and E so that ?uid displaced 
by the piston 2 of unit A when the latter is man 
ually operated will loe transmitted through one 
of these lines to cylinder '6 to move piston 8 in 
correspondence to movement of the manually ac 
tuated'piston 2. Return ?uid from cylinder 6 
then passes through the other of the fluid lines 
back to cylinder 1 . When on the other hand, the 
unit B is manipulated the piston 8 therein dis 
places ?uid to the cylinder I of unit A and 'moves 

a piston 8, while return ?uid from cylinder l ?ows 
to the cylinder 6. . 
The other of the two closed systems hereof, in 

cludes the cylinder 1 of master unit B, the motor 
unit D and the master unit C. One ?uid line 31 
runs from the right end of cylinder 1 to the left 
end of cylinder l5 of the motor unit. Another 
?uid line 32 leads from the right end of motor 
cylinder to the left end of the cylinder l of’ the 
master unit 0. 
From the right end of the cylinder of unit C 

,a ?uid line 33 leads to left end of cylinder 1 of 
master innit B thereby completing the second 
closed circuit embodied in my system. 

, of ?uid in each part of the system at all times ‘ '7 

20 

30 

40 

50 

4 
An accumulator-equalizer unit E is connected 

to the lines 29 and 30 by means of ?uid lines 34 
and 35 respectively and an identical accumula- ' 
tor-equalizer unit F is connected to the ?uid lines 
3| and 33 by means of the fluid lines 36 and 31 
respectively. These accumulators are identical 
and each is provided with a compressed air cham 
er 38 having a valved intake 39, separate reser 

voir chambers £0" and 4| and a double piston 42 _ 
forced by air pressure to create a ?uid pressure 
in the reservoir chambers and therefore maintain 
an initial pressure throughout the closed system 
associated with'the accumulator. This pressuriz 
ing of the entire system prevents entrance of air 
into the system and assures a more efficient op 
eration of the system as a whole; The accumu 
lators also compensate for thermal expansion and 
contraction so as to maintain the proper amount 

regardless of extreme temperature variations. 
Each accumulator is provided with an indicator ' 
43 to show the extent of initial pressure in’ the 
system and the amount of ?uid in the accumula 
tor itself. a 
The cylinders of the several master and motor’ 

units’ have ?uid by-pass valves ill-l and associated 
passages 55 to provide for synchronizing the'sys- ‘ ' 
tem in the manner well known in the art. The ' 
system is ?lled through the‘ accumulators by 
means of normally closed ?lling ports and bleed 
ports which are not here shown or may be ?lled 
in‘ any suitable manner. This arrangement and 
the'method of ?lling are known in’ the art, and 
form no part of the present invention. , 

Operation 
Assuming that master unit A is located in. the ' 

wheel house of a ship, master unit B is located 
on the ?ying bridge, master unit C is located in 
the engine room and the motor unit D is arranged 
to operate some oontrollon the ship such as an 
engine‘ throttle, it is seen that the motor unit may. 
be operated by manipulating any one of units 
A, B and C. If unit A is manipulated to move 
the piston 2 there-in,- for example, to the left of 
the position shown in Fig. l, in order tooperate 
the motor unit to open therthrottle, the ?uid dis 
placed by the piston 2 in unit A will set up apres-~ ' 
sure in‘the line ‘29 which is connected to the right ' 
end of cylinder 5 in .unit B, whereupon the piston 

: 8 of unit B will be moved to the left in corresponds 

55 

ence to the movement of the piston in unit A. 
Fluid displaced by piston Sis‘delivered to unit A 
through line 39. 'As the piston 8 is mechanically 
connected to piston 9 of the other cylinder ‘1 of 
unit B, through the levels l4 and cross head I3 it ' I 
is seen the piston 9 will move with piston 8 to the 

' left and displace ?uid through the line 33to the 
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The mechanical linkage of the cylinders 5 and V 
‘l of unit B as provided by means of the levers 
l4 and cross head 13 to which latter the handle 
I2 is connected, make the two closed systems in 

" terdependent for operation in unison in accord 
' ance with this invention without" hydraulically 

1 coupling such systems, so that when either sys 
will respond accord-' tem isv operated the other 

ingly. . . 

right end of cylinder I’ of unit C.’ The piston l 
of unit C Will'also move to the'left and displace 
?uid through line 32 to the right end of cylinder 
H‘: of the motor unit D thereby moving the piston 
I6 of motor unit to the'leitand through the lever 
l9 and rod 29 operate the throttle, not shown. 
Fluid displaced by the motor pistonl? nowrre 
turns through line 3| to the rightend of cylinder 

7-‘! of unit 13; . 
In this operation of unit A the pistons of mas; 

' ter units 3 and C move the‘ same extent as the 

V the extent of operation effected at'thegstation at . _ 

manually operated’ istonv of unit A and serve. as 
tell-tale indicators at their respective stations of 

which unit‘A is located. ,7 ' ' 
When unit A is operated to 

thereof to the right ?uid is displacedthrough 
move the piston 2 
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line 30 to lift end of cylinder 6 of unit B thereby 
moving the piston 8 to the right and displacing 
?uid from right end of cylinder 6 through line 
29 to the left end of the cylinder of unit A. Pis 
ton 9 likewise moves to the right, with piston 8 
and displaces ?uid through line 3| to the left end 
of cylinder E5, of motor unit D thereby moving the 
slave piston [B to the right and operating the le 
ver l9 and rod 29 accordingly. At the same time, 
?uid displaced by the motor piston it will flow 
through line 32 to the left end of the cylinder i 
of unit C thereby moving piston 2 of unit C to 
the right and causing ?uid to‘ ?ow through line 
33 back to the left end of cylinder 7 of unit B. 
When unit B is operated, for example, to move 

the pistons 8 and, 9 thereof to the left, the cylin 
der 1 and piston 8 thereof operate to displace 
?uid for operating units C and D in the same 
manner as when unit A is moved to the left, while 
cylinder 6 and piston 8 operate to direct ?uid to 
and operate piston 2 of master unit correspond 
ingly. Thus the operating handles 3 of units A 
and C will move to the same positions as handle 
[2 of unit B. 
When unit B is operated to move its pistons 8 

and 9 to the right, the cylinder 7 and piston 9 0p 
erate to direct operating ?uid for units C and D 
in the same manner as when unit A is operated to 
move its position to the right while cylinder 5 
and piston 8 operate to actuate unit A to the 
right in correspondence to the operation of unit 
B. 
When unit C is operated to move its piston to 

the left, ?uid is displaced through line 32 to the 
left end of motor cylinder l5 moving piston l6 
and lever I9 and rod 20 correspondingly, while 
?uid from the left end of motor cylinder [5 is 
displaced through line 3| to the right end of cyl 
inder 1 of unit B, whereby the piston 9 moves to 
the left and displaces ?uid through line 32 to the 
right end of cylinder 2 of unit C. At the same 
time cylinder 6 and piston B of unit B are oper 
ated in correspondence to cylinder 1 and piston 
9, thereby exchanging ?uid with unit A and. mov 
ing the latter in correspondence to units C and 
B 
When unit C is operated to move its piston 2 

to the right, ?uid is displaced through line 33 to 
the left end of cylinder ‘I of unit B and moves pis 
ton 9 to the right, thereby displacing ?uid 
through line 3| to the left end of the slave cylin 
der [5 and moving piston l6, lever l9 and rod 20 
accordingly. From the right end of slave cylin 
der i5 ?uid ?ows‘ through line 32 to the left end 
of cylinder 2 of unit C. When piston 9 is moved 
to the right, the piston 8 is also moved to the 
right thus causing an exchange of ?uid between 
units A and B and the movement of the pistons 
thereof in correspondence to the movement of 
pistons 9 and 2 of units B and C'. » 
While I have shown and described a speci?c 

embodiment of my invention, I do not limit my 
self to the exact details of construction set forth, 
and the invention embraces such changes, mod-_ 
i?cations and equivalents of the parts and their 
formation and arrangement as come within the 
purview of the appended claims. 

I claim: 
1. In a hydraulic actuator system with mu1ti~ 

ple control stations, a closed hydraulic system 
including a pair of master units each of which 
embodies a cylinder, a piston therein, and a ma 
nipulating means by which the piston may be 
moved in opposite directions; ?uid lines connect 
ing the cylinders of said units so that upon 0p 
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6 
eration of the piston in either unit the piston of 
the other unit will be operated in correspondence 
to that of the manipulated piston; a second 
closed hydraulic system including two master 
units each of which embodies a cylinder, a piston 
therein and a manipulating means for moving 
the piston in opposite directions; a motor unit 
embodied in the second system including a cyl 
inder, a piston therein and a drive means re 
sponsive to the piston and adapted to be opera 
tively connected with a mechanism or control 
element to be operated by the actuator system, 
?uid lines connecting the cylinders in the second 
system so that the pistons therein will move cor 
respondingly responsive to actuation of the ma 
nipulating means of any one of the master units 
in the second system; and means mechanically 
joining the manipulating means of one of the 
master units of the first named closed system 
with the manipulating means of one of the mas 
ter units of the second closed system whereby the 
pistons of said two connected units will operate 
in unison and the other pistons in the two sys 
tems will operate correspondingly responsive to 
actuation of the mechanically connected manip 
ulating means as well as responsive to the actu~ 
ator of the manipulating means of any other 
master units in the closed systems. 

2. In a hydraulic actuator system with multi 
ple control stations, including a pair of master 
units each of which embodies a cylinder, a piston 
therein, and a manipulating means by which the 
piston may be moved in opposite directions; ?uid 
lines connecting the cylinders of said units so 
that upon operation of the piston in either unit 
the piston of the other unit will be operated in 
correspondence to that of the manipulated pis 
ton; a second closed hydraulic system including 
two master units each of which embodies a cyl 
inder, a piston therein and a manipulating 
means for moving the piston in opposite direc 
tions; a motor unit embodied in the second sys 

, tern including a cylinder, a piston therein and a 
drive means responsive to the piston and adapt 
ed to be operatively connected with a mechanism 
or control element to be operated by the actua 
tor system, ?uid lines connecting the cylinders 
in the second system so that the pistons therein 
will move correspondingly responsive to actua 
tion of the manipulating means of any one of the 
master units in the second system; means me 
chanically joining the manipulating means of 
one of the master units of the ?rst named closed 
system with the manipulating means of one of 
the master units of the second closed system 
whereby the pistons of said two connected units 
will operate in unison and the other pistons in 
the two systems will operate correspondingly re 
sponsive to actuation of the mechanically con 
nected manipulating means as well as responsive 
to the actuator of the manipulating means of 
any other master units in the closed systems; and 
lockingr means operative to prevent movement of 
the piston in the motor unit responsive to a force 
transmitted to said piston from said drive means. 

3. In a hydraulic actuator system with mul 
tipie control stations, a closed hydraulic sys 
tem including master units each of which em 
bodies a cylinder, a piston therein, operating 
means by which the piston may be moved in 
opposite directions, and ?uid lines connecting 
the cylinders of said units so that pistons of 

units will simultaneously moved re 
sponsive to actuation of the operating means 
of any one of- said master units; a second closed 



7 
hydraulic system including master units each 
of which embodies a cylinder, a piston, an oper 
ating means for reciprocating the piston, and 
?uid lines connecting the cylinders in the sec 
ond system so that the pistons therein will move 
simultaneously upon actuation of the operating 
means for any one of the second system master 
units; a hydraulically responsive motor unit con 
nected with the ?uid lines in one of said closed 
systems including a cylinder, a piston therein 
adapted for operative connection with a control 
element or mechanism to be operated by the 
actuator system; the connections of the motor 
unit cylinder with said one closed system being 
such that the motor unit piston will be moved 
responsive to movement of the piston of any of 
the master units in said one closed system; and 
a'means of operative‘connection between cer~ 
tain master units of the ?rst named closed sys~ 
tem and the second closed system whereby the 
motor unit piston becomes responsive to move 
ment of any one of the master unit pistons in 
the first named and second closed systems' 

4. In a hydraulic actuator system with mul— 
tiple control stations, as closed’ hydraulic sys 
tem including master units each of which em 
bodies a cylinder, a piston therein, operating 
means by which the piston maybe moved‘in 
opposite directions, and ?uid lines connecting 
the cylinders of said units so that pistons of said 
units will be simultaneously moved responsive 
to actuation of the operating means of any one 
of said master units; a second closed hydraulic 
system including master units each of which em~ 
bodies a cylinder, a piston, an operating means 
for reciprocating the piston and ?uid lines con 
necting the cylinders in the second system so 
that the pistons therein will move simultane 
ously upon actuation of the operating means for 
any one of the second systemcmaster units; a 
hydraulically responsive motor unit connected 
with the ?uid lines in one of said closed systems 
including a cylinder, a'piston therein adapted 
for operative connection with a control element 
or mechanism to be operated by the actuator 
system; the connections of the motor unit cyl 
inder with said one closed system being such that 
the motor unit piston will be moved responsive 
to movement of the piston of any of the master 
units in said one closed system; and means con- 
necting one of the master units of the ?rst named 
system with one of the master units of said 
second system so that the pistons of said con-c 
nected master units will move responsive, to 
movementof any one of the other master unit 
pistons in both of said closed systems. 

5. In a hydraulic actuator system with 
multiple control stations, a closed hydraulic 
system including master units each of which em 
bodies a cylinder, a piston therein, operating 
means by which the piston may be moved in 
opposite directions, and ?uid lines connecting 
the cylinders of said units so that pistons of 
said units will be simultaneously moved respon 
sive to actuation of, the operating means of any 
one of said master units; a second closed vhy 
draulic'system including master units each of 
which embodiesca cylinder; a piston, an operat 
;ing means for reciprocatingthe piston and fluid 
lines connecting the cylinders in the second sys~ 
tern so that the pistons therein will move simul 
taneously upon actuationof the operating means 

' for any one of, the second system. master units; 
a hydraulically responsive motor unit connected 
with the ?uid lines in one of said closed systems 

10 

15 

20 

25 

30 

40 

45 

.50 

55 

60 

65 

70 

75 

2,426,695 

including a cylinder, a piston therein adapted 
for operative connection with a control element 
or mechanism to be operated by the actuator 
system; said’ motor unit being connected in the 
fluid lines of said one closed system so that the 
motor unit piston is subject to movement simul 
taneously with the pistons in the master units of 
said one system; and means of operative con 
nection between said closed systems constructed 
and arranged so that responsive to actuation of 
the operating means for any of the master unit 
pistons all of said pistons will be simultaneously 
moved. ' ' p v , 

' 6. In a hydraulic actuator system with multi 
ple control stations, a closed hydraulic system in 
cluding master units each of which embodies a 
cylinder, a piston therein, operating means by 
which the piston may be moved in opposite di 
rections, and ?uid lines connecting the cylinders 
of said units so that pistons of said units will be , 
simultaneously moved responsive'to actuation of , 
the operating means of any one of said master 
units; a second, closed hydraulic system includ- ~ 
ing master units each of which embodies a cylin 
der, a piston, an operating means 'for reciprocat- , ; 
ing the piston and ?uid lines connecting the cyl 
inders in the second system so that the pistons 
therein will move simultaneously upon actuation 
of the operating means for any one of the'second 
system master units; a hydraulic motor unit con 
nected with the ?uid lines of one of, said systems 
so that it is responsive to movement of any one 
of the pistons in said one system and while being 
thus actuated will force ?uid through one of said 7 ' 
lines for moving a piston in one of the master, 
units of said one system; and means of operative 
connection between said systems constructed and ' 
arranged so that responsive vto operation of the 
operating means of any one of said’ master units 
the motor unit will be actuated; 1 Y 7' 

7. In a hydraulic actuatorrsystem with’ mul 
tiple control stations, a closed hydraulic system ' 
including master units each of which embodies 

, a cylinder, a piston therein, operating means by 
which the piston may be moved in opposite di 
rections, and ?uid lines connecting thecylinders '_ 
of said ‘units so that pistons of said units will be 
simultaneously moved responsive to actuation of c 
the operating ,means of any one of said master 
units; a second closed hydraulicsystem includ 
ing master units each of which embodies a cylin- , 
der, a piston, an operating means for reciprocat 
ing the piston and fluid lines connecting the cyl 
inders in the second system so that the pistons 
therein will move simultaneously upon actuation c 
of the operating means for any one of the second! 
system master units; a hydraulic motor unit con 
nected with the ?uid lines of one of said sys-, 
terms so that it is responsive to movement of any 
one of theqpistons in said one system'and while 
being thus actuated will force ?uid through one 
of said lines for moving a piston in one of the 
master units of said one system; means‘ of opera 
tive connection between said systems constructed 
and arranged so that responsive to operation of 
the operating means of any one of said master’ 
units the motor unit will be actuated; and valve . 7 
means associated with i?uid lines leading to said. , 
motor unit operating to hydraulically lockisaid" 
motor unit against movement except when pres- 1~ 
sure ?uid is conducted to said motor unit through 7 r 
a, line leading thereto. ' ' r 

' 8. In a, hydraulic actuator system: with‘muléj ; ' 
'tiple control stations, a; closed'hydraulic system 
including master units each of which "embodies 
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a cylinder, a piston therein, operating means by 
which the piston may be moved in opposite di 
rections, and ?uid lines connecting the cylinders 
of said units so that pistons of said units will be 
simultaneously moved responsive to actuation of 
the operating means of any one of said master 
units; a second closed hydraulic system includ 
ing master units each of which embodies a cylin 
der, a piston, an operating means for reciprocat 
ing the piston, and ?uid lines connecting the 
cylinders in the second system so that the pistons 
therein will move simultaneously upon actuation 
of the operating means for any one of the sec 
ond system master units; a hydraulic motor unit 
connected with the ?uid lines of one of said sys 
terms so that it is responsive to movement of any 
one of the pistons in said one system and while 
being thus actuated will force ?uid through one 
of said lines for moving a piston in one of the 
master units of said one system; and means of 
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operative connection between said systems con 
structed and arranged so that responsive to oper 
ation of the operating means of any one of said 
master units the motor unit will be actuated; 
and means in each system for maintaining an 
initial fluid pressure therein and arranged to 
receive fluid from the system and discharge ?uid 
into the system responsive to thermal expansion 
and contraction. 

ARTHUR E. KREMILLER. 
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