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UNITED STATES PATENT OFFICE 
LOSSIN 
SSEMES 

HYDRAULIC TRANSMISSION 

Carl G. Hebel, Leonia, and Ernest. A Crawford, 
Cliffside Park, N. J., assigaors to Sperry. Prod 
ucts, Inc., HobokeE, N. J., a corporation of New 

Application May 25, 1946, Serial No. 62,195 
Cain. 

This invention relatesto hydraulic controls 
of the type Whereia movements of a, transmitter 
are reproduced by, a, receiver through the me 
dium of a filid: connection. More particularly, 
the inventioia relates to 2-pipe. hydraulic Sys 
tems Wherein fluidis moved in one direction 
between transmitter and receiver, and in the op 
posite direction between, receiver and tra 12S 
mitter. In Such Systems, both the-tranSmitter 
and the receiverare of the double-acting variety 
in Which, two mechanically, separate but func 
tionally inter-related hydraulic Systems are pres 
ent, each system, including one of Said pipes and 
so arranged that, movement of fluid in One pipe 
in agivendirection causes novement of the fluid 
in the other pipe in the opposite direction. 

In closed systems of the above type, the prob 
lern arises of relieving the pressure in the SyS 
tem upon rise in temperature, and of com 
pensating for the variable volume of liquid due 
to temperature variation and leakage. Hereto 
fore, the nethod eraployed to Solve this prob 
lem consisted in proving each separate hydraulic 
System (each of the two, sides of a: double-act 
ing, cosed System). With a reservoir under pres 
Sure, and the tanSmission of power via:S ef 
fected against-the- higher preSSure eXisting in the 
reSpective reservoirs, Several, undesirabe re 
sults followed from theuse of this arrangement. 
In the first place, since each side was provided 
With its own reservoir, leakage or temperature 
Vaiation: in Qaeside, differenti from the leakage 
or teraperature variation in: the other Side, 
caSed OSS of SynclaroiaiSn between the: trans 
initter and the receive: 
Since the preSSure i the eservoir determined 
the force Which could be transmitted and re 
ceived, any eakage, or temperature variation 
Which varied the pressure in the respective res 
ervoir alSo varied the output, from the trans 
initte. 

It is, therefore, one of the principali objects 
oi this;invention to provide pressure release and 
volume compensation in a 2-way hydraulic con 
titol of the type described, Wherein the necessary 
cCrection Will be made automatically Without 
affecting the capacity of the tranSmitter and the 
receive and independent of the preSSure in the 
eServoir, 

t i3 a furtiner object of this invention to pro 
Vide preSSure releaSe and fluid volume com 
penSating means in Which a Single reservoir may 
pe employed for both sides of the 2-way, 2-pipe 
idraulic control. 

In the second place, 
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It is, a further object to provide: peSSure re 
lease and fluid volume compensatilag, means. for 
a plurality of 2-pipe. hydraulic controls in con 
bination Wita a Single reseEVOir. 

It is a further object of this invention to pro 
vide compensating neans Wherein sloW leaks 
Qin either: side of a 2-pipe hydraulic control Will 
not, cause: loss of Synchronismi between trans 
Imitte: and receiver 

Stil other objects and adVantages of this in 
veration Will become apparenti in the following 
detailed description thereof. 

In the accompanying draWing, 
The figure is afroati elevation of an assembly, 

parti sectioned vertically of one embodimenti 
GÈ this invention. 

Referring to the drawing the invention is 
shown as applied to a 2-pipe. hydraulic control 
coraprising a transmittere cylinder - O. Within 
Which operates a piston il connected by, cod. 2 
to. a tEansmitter handle 5 pivoted for move 
menti, at: 6.. The control also comprises receiver 
cylindec 2. Withias Which operates a piston 2 
connected by. rod 22 to, a receiver, or operated, 
member 25 piyoted formovementi at: 26. The 
pistons 44, and 2 divide. the cylinders into tWo 
Separate Chambes, and correSponding cham 
beFS of the cylinders are connected by, pipes 27 
aad, 23, So that txo, separate hydraulic Systems 
are formedon. Qppositesides of the pistons. The 
Systems are, ho Weyer, functionally, interrelated 
Whereby novement of fluidin One Systemia olae 
direction catSeS-ovement offluidi in the other 
Systema in the opposite direction. 
The two Separate hydraulie Systemas are: filled 

With liquid; giVing rise to the problem Seti forth 
in the introduction heretor of providing pressure 
release and of compensating for changes in vol 
une of liquidi due to temperature variations and 
leakage. One Solution Which a VoidS the objec 
tions presentin Systems heretofore employed is 
show: in the: drawing. In this: forn of thein 
vention, a single reservoir 3: is employed and 
this reServoiris adapted to be connected to bota 
hydrauli: systems, (i.e., both sides of the 2-way, 
2-pipe hydraulici control) by Way of a, compen 
Sating: Walve nerer 4: ard connections 4 and 
3 to the respective hydraulic Systems at op 

pGSite:Sides of the control. Thereservoir 3: iSat 
atmospheric pressure, if vented, or at higher 
than atmospheric pressure, if pressurized. 
Within the Valve member 4O is a sliding valve 
3 having ports 46, 47 cooperating With connec 
tion, and having ports 48, 49 cooperating With 
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connection 42. The ports 46 and 48 selectively 
are connected to the reservoir by way of ports 
5) and 5 Which are so positioned that only one 
port 48 or 88 can cooperate With its respective 
port 59 or5 at: a time. The higher pressure in 
one side of the hydraulic control Will cause the 

5 

Sliding Valve 5 to be moved toWard the Ower 
press reside unti it, strikes stop 52 or53. In this 
position the reservoir is connected to the low 
pressure side. Thus, if the handle 5 is operated 
to move piston il to the right, pressure Will be 
increased in the pressure system at the right of 
pistons and 2 and connecting pipe 28. Pres 
Sure Will be increased in pipe 42 and the right 
hand end of valve member 4, to move the Valve 
45 to the left Until port 46 registers with port 
59 to connect the reservoir to the loW pressure 
side through pipe 4 and the pressure system 
to the left of pistons and 2 and pipe 27. Sim 
ilarly, movement of handle 5 to the left, Will 
move piston fÈ to the left and move sliding valve 
45 to the right, to cause ports 48 and 5 to reg 
ister, to connect the reservoir to the low pres 
sure (now the right hand) system of the con 
tro. 

It Will be observed that the passages 5 and 5: 
are positioned further apart; than port:S 46 and 
48. This means that only one of these ports 
can register with its respective passage at any 
one time. Furthermore, the distance between 
passages 50 and 5 is Sufficiently greater than 
the distance between the seals forming the inner 
boundaries of ports 46 and 48 so that when one 
of these ports moves out of registry with its re 
spective passage a certain degree of movement 
of the valve body will take place during which 
neither port registers with its respective passage 
way. In this manner it is impossible for both 
ports to be even partially in register with their 
respective passageways at any one time, and 
therefore it is impossible to transfer liquid from 
the hydraulic system at one side to the hy 
draulic system at the other side. This is an ex 
tremely important feature in Such applications 
as contemplated here Where precise synchronism 
between the transmitter and the receiver ele 
ment8 is essential.. If at any time even momen 
tary connection were made between the hy 
draulic Systems at the two sides, then obviously, 
there Would be a greater or less loss of Syn 
chronism Which in those applications depend 
ent upon exact Synchronism would be So un 
desirable as to render the device inoperative. 

Since there is normally a connection between 
one side (or pressure system) and the reservoir, 
preSSure release and volume compensation are 
thus assured. A connection 57 directly between 
the pressure Systems Which Short circuits the 
valve member 49 permits synchronization by 
means of valve 58. - 
- Changes in temperature Will result in a diS 
placement in the relative positions of handle 5 
and lever 25 dependent upon the position of the 
movable valve body. The position of the mov 
able valve body is at any time dependent upon 
the direction of force last, applied to the handle 
5. If the number of times that the handle 5 

is moved from right to left is equivalent to the 
number of times it is moved in the reverse di 
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4 
rection, Which is essential, and there are several 
Such movements during the period of tempera 
ture change, then deviatons in one direction Will 
copensate for those in the other direction and 
thus maintain the system in substantial syn 
chronization. For unusual conditions When the 
System may be left in one position for an ex 
tended period of time during Which temperature 
changes occur the Synchronizing valve 58 is pro 
vided Which may be used for synchronizing the 
handle and lever at either end of the Stroke or 
at any intermediate position if the position of 
lever 25 is known. This would be of consider 
able advantage in aircraft Where it is desirable 
to Synchronize at full throttle in flight and at 
closed throttle on the ground and in power boats 
Where it Would be desirable to Synchronize at full 
throttle under pursuit conditions and closed 
throttle When maneuvering in harbors or con 
trolling gears, clutches, etc. 
The foregoing description of the invention is 

nerely illustrative and changes may be made 
Within the Scope of the appended claim. 
Having described our invention, What we claim 

and desire to Secure by Letters Patentis: 
Il a hydraulic control, a double-acting trans 

mitter, a double-acting receiver, fluid trans 
ferring connections between the respective sides 
of the transmitter and the receiver whereby sep 
arate hydraulic systems are formed on opposite 
Sides of the control, a reservoir, means includ 
ing a Vaive Whereby Said hydraulic systems nay 
e Selectivey connected to and disconnected 

f'On the reservoir When the transmitter is ac 
tUated, Said last named means comprising a sta 
tionary Vaive casing and a novable valye body, 
fluid connections between the pressure Systenins; 
and opposite sides of the valve body Whereby the 
valve body Will be moved in response to the pres 
Sure in the higher pressure hydraulic System, 
Said casing having a plurality of passages com 
municating with the reservoir, said valve body 
haVing a plurality of ports adapted to cooperate 
With the paSSages in said casing, the distance be 
tWeen ports being different from the distanca be 
tWeen passages by an amount Such that only one 
port can register With its respective passage ai 
any time, the difference in distances between 
portS and paSSages being also sufficient so that; 
the Second port cannot register With its espec 
tive passage until the first port has passed a pre 
determined distance out of register with its re 
Spective passage, Whereby no fluid can pass be 
tWeen the hydraulic Systems. 

CARL G. EEBEL, 
ERNEST A. CRAWFORD. 
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