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3 Cainas. (CI,60-52) 

This invention relates to hydraulic power transmission 
Systens of the kind comprising one or more Ihydraulic 
Imotors of the displacement type, Such as piston and cylin 
der aSSemblies (and Which for convenience herein Will 
be assumed to be in the form of hydraulic piston and 
Cylinder asSemblies and Will therefore hereinafter for 
convenience be referred to as rams) by Which one or more 
parts of a machine tool or other mechanism (hereinafter 
Called the movingpart orparts) are operated, one ormore 
hydraulically operated Shuttle type control members 
(Which are usually Shuttle type Valves controling the Sup 
ply of Working fuid to the ram or Irams) and one or more 
pilot Valves arranged to be operated directly or indirectly 
by the moving part or parts and to control the Supply of 
operating fluid to and from the pressure chambers of the 
Shuttle type Control member or members soas to cause 
the control member, oreach control member, to be moved 
at the appropriate times by connecting the appropriate 
one ofits preSSure Chambers to a Source of relatively high 
fuid preSSure, conStituting the Source of operating fitid 
for the control member, and its other pressure chamber to 
a chamber or conduit in which the fuid pressure is Iower. 

It Will be understood that by a “hydraulically operated 
Shuttle type control member or Valve”is meant a member 
or Valve including a longitudinally movable member hav 
ing a part or parts constituting in efect tWo pistons ar 
Iranged in cylinders of the Same diameter as one another 
and constituting preSSure chambers the pressures in which 
tend to move the longitudinally movable member respec 
tively in opposite directions, the longitudinally movable 
Imember either itSelf constituting or being arranged to act 
upon one or more members to be controlled, Ulsually a 
Valve or Valves Which control the Supply of Working fui 
to the Iran or IramS. 

In a large number of Cases Where Shuttle type control 
Valves are employed, these Will be reversing valves Which 
control the Supply of Working fuid to and from the Irams 
in a Imanner Well KnoWin per Se. Although, therefore the 
invention is applicable to arrangements in Which the hy 
draulically operated Shuttletype control member or mem 
bers perform Some function other than the control of the 
flow of Working fitid to and from the Iram or Irams Since 
such control Will usually be their function the invention 
Will be described With particular reference to systems of 
the kind Ireferred to in Which one or more hydraulically 
operated Shuttle type control valves control the fioy of 
Working fitid to and from a Iram or Irams. In Such hy 
dralic Systens ithas been proposed to provide the meces 
Sary Supply of operating iuid for operating the control 
valve or Valves, under the control of the pilot valve or 
Valves, by tapping fitid from the Imain Working fitid de 
livery passage by Which Working fuid is Suppliedi to the 
Iram or Irams, in Which case the appropriate pressure cham 
ber of the control Valve to be operated is conmected at the 
required time by a pilot Valve to this Source, While the 
other pressure chamber of the control valve is connected 
to a Irelief paSSage constituted by the loW pressure part 
of the system on the eXhaust Side of the Iram or Irams, 
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2 
Altermatively the operating filuid for the control valve or 
Valves has been obitained from a Separate pump. 

IBoth these systems have certain disadvantageS. ThuS 
the provision of a Separate pump to provide operating 
fituid for the control Valve or Valves is an added Complica 
tion and entails in efect a separate hydraulic Circuit for 
the control valve operating fuid, While the tapping of 
operating fiuid for the control valve or Valves fron the 
Imain Working fluid supply 1ine restilits in a Ireduction in 
the Irate at Which Working fuid is Supplied to the Iram or 
Irams during the period When a control Valve is being 
operated and thus causes undesirable Variations in the 
speed of movement of the ram or rams and/or the Stroke 
or Strokes thereof. 
The object of the present invention is to provide an 

improved System operated by fuid preSSure of the gemeral 
kind referred to above for reciprocating a Iram or other 
Imechanical device Irequiring power. 

In a hydraulic operating System of the general Kind 
referred to according to the present invention a pressure 
reducing Valve is provided in the Imain Working fuid Sup 
ply ine to the ram or Irams, and the inlet Side of the oper 
ating fillid System for the Shuttle type control member Or 
Imembers, is connected to the Imain fuid Supply line on 
the upstream Side of Such pressure redulcing Valve While 
the outlet Side of the operating fuid System for the con 
trol member or members is connected to the main fitid 
Supply line on the downstream Side of SIch preSSUIre Ire 
ducing Valve, So that, during movenent of any Control 
member, Working fuid is displaced from that pressure 
chamber of SIch control member Which is at the moment 
at lower pressure into the Imain Workig fitid Supply line 
at a rate Which is eXactily equivalent to thatat Which the 
Working fuid is entering the other preSSure chamber of 
the control member from the main Working fuid Supply 
Iine. 

It Wii therefore be Seen that, alithough the operating 
fuid for the shuttle type control member or members is 
derived from the Source of main Working fuid Supply, So 
that no Separate pump has to be provided, the Irate of 
flow of Working fituid to the ram or rams Iremains en 
tirely independent of the operation of the Shuttle type con 
trol member or memberS. 

Preferably the apparatus includes means Whereby the 
Iram causes operation of the Shuttle type control member 
automatically to efect automatic reversal of movement 
of the Iram at the ends of its traVel. 
In most CaSes the control of the Supply of operating 

fuid to and from the pressure chambers of the Shuttle 
type control member or memberS Will be by means of 
pilot Valves operated either directily or electromagnetically 
by movement of the Iram or IramS, for eXample When a Iram 
or each Iram Ireaches the end of its travel in one direction 
or the other, although the pilot Valve or Valves may in 
Some cases be otherWise operated. 
One eXample of the invention is illustrated diagram 

Imatically and mainly in croSS-Section in the accom 
panying draWingS. 

In the form of the invention diagrammatically Shown 
in the draWings the invention is applied to apparatus 
Comprising a ram asSembly including a Tan cyinder A 
and a ram piston B connected to a connecting rod C 
Which in tirm may be aSSumed to be connected to a 
Imain Ireciprocating part of a machine tool, for example 
to a Ireciprocating bed or tool holder, So as to cause re 
ciprocation thereof. The Iram aSSembly is doubleacting, 
the two ends of the cyinder A being connected as shown 
by pipes ID and IE to the infiow and outfow ports D, E1 
of a Shuttle type control Valve comprising a cyinder F 
containing a Shuttle type Valve member G of known 
forrin having lands G1, G2, G3, G4 arranged as Shown. 
The cyinder Fis prowided With an inlet port HI by which 
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fuid under pressure is delivered to the annular chamber 
between the lands G2, G3 and spaced outlet ports IH) 
leading to a common outlet passage H3 and Communi 
cating with the annular chambers respectively betWeen 
the lands G1, G2 and the lands G3, G4. Ports J, J1 are 
provided in the ends of the cyinder F for the admiSSion 
and eXhatist of control fitid. 

For convenience the valve member G is Shown in a 
central position which in practice it Will only ocCupy 
instantaneously. 
A continuously driven ptimp IL is arrainged to draW 

filid continuously from an inlet pasSage IL1 communi 
cating with a reservoir L2 and with the passage H3 and to 
dieliver this fitid continuously to the Working fuid 
pressure ine M. The pressure line MI contains a preS 
Sure-reducing valve, indicated at M1, through Which 
working fuid is contintiously delivered to the part M2 of 
the working fuid supply line so that the preSSure in the 
part M2 is always lower by approximately a predeter 
mined amount than the pressure in the part M. The part 
MI of the working fuid Suppity ine also communicates 
with a contro fuid delivery passage N Ileading to a Cen 
tral inlet port O in the cyinder O of a pilot Valve aSSem 
bity cornprising the cylinder C1 and a pilot Valve member 
of the piston type O2 operating in the cylinder O. Also 
formed in the cyinder O1 are control fuid exhaust ports 
O3), C4 communicating With a control fuid exhaust paS 
sage O5?which communicates With thepart M3 of the work 
ing fitid Supply passage. The control fluid inlet and 
ottlet ports in the ends of the cyinder F communicate 
respectively with control fuid inlet and outlet ports in 
the pilot valve cyinder O1 While the Valve member is 
So constructed with Iands O3, O7 that, aSSuming it to 
occupy the intermediate position Shown (Which in prac 
tice it will only occupy momentarily), these cover the 
ports O3 and C9. As Shown the port O opens into the 
chamber between the lands While the ports O3 and O 
open into the chambers lying respectively between each 
of the lands and the adjacent end of the cyinder. The 
valve member is arranged to be operated by Solenoids 
indicated at P, P1 which arearranged in an electric cir 
cuit So as to be controlled by micro-Switches or the like 
indicated at Q, Q1 arranged So that the Switch Q is closed 
When the ram ireaches one end of its travel While the 
switch Q1 is closed When the ram Ireaches the other end 
of its travel. 
The arrangement is Such that when the Switch Q is 

closed the Solenoid Pis energised to cause the pilot valve 
Imember to move upwards into a position in which the 
port O communicates with the port O9 and the main Shut 
tle Valive is thus caused to move to the left hand end of 
its cyinder, in which position Working fitid Wil be de 
livered to the left hand end of the ram cylinder and the 
ram Will thus be Caused to move to the Iright at a speed 
deternimed by the Controled Irate at Which fuid is de 
Iliveredi by the pump. When the ram approaches the 
end of its travel to the right, the Switch C is closed and 
thus energises the Solienoid P1 to cause movement of the 
pilot valve member downwards and thus bring the port 
O into communication with the port O8 and the port C4 
into comInunication with the port O9, and hence causing 
the Stuttie type main valve member to move to the 
rightharld end of its Cylinder So that hydratilic working 
filid is noy delivered through the pipe El to the right 
hand efad of the ram cylinder While the lefthand end of 
the ram cyinder is brought into communication With the 
exillatist paSSage. 

t Wil thIs be Seen that, during operation of the ap 
paratus, the ram Will be Caused to Ireciprocate continu 
ousily packW7ards and forwards between its two end po 
Sitions. Moreover, While the presence of the pressire 
reducing Valye provides the necessary diference between 
the pressure of fuid delivered through the pilot valve to 
one end of the main Shuttle Valve cylinder and that in 
the other end of the main Shuttle valve cylinder, it will 
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4 
be apparent that during any movement of the Shuttle 
valve in one direction or the other While fitid taken from 
the main working fuid ine enters one end of the main 
shuttle valve cylinder from the pilot Valve, filuid is 
exhausted into the main working fuid Iline at an exactily 
equivalent volumetric rate from the other end of the 
Imain control Valve cylinder So that the Speed of move 
Iment of the Iram is unaffected by any movement of the 
Imain control valve. It Will moreover be apparent that 
movement of the shuttle Valve merely, in efect, causes 
iow of fuid from one end to the other of its cyinder 
through the pasSage connecting the ports So that this 
movement has no efect upon the Volumetric rate of 
delivery of Working fuid to the Iram cyinder. 
What Claimas my invention and desire to secure by 

LetterS Pateit is: 
1. A hydraulic power tranSmission system comprising 

at least one hydraulic motor of the displacement type 
arranged to Operate a movingpart, atleastone hydraulical 
1y operated Shuttle type control valve device arranged to 
control the Stipply of Working fluid to and from the hy 
dratic motor and to be moved back and forth by pres 
StreSapplied to its Opposite ends Irespectively in two pres 
Sture ChamberS, a hydraulic pumparranged to deliver 
Workingiuid through a Working fuid passage to the Shuttle 
type Control Valve device and through it to the hydraulic 
Imotor, a preSSIre Ireducing Valve in the Working fuid 
passage, and pilot valve apparatus controlling the suppity 
of operatingfuid to and from the Said pressure chambers 
to cause operation of the shuttle type control member 
and having its inlet and outlet passages connected to the 
Working fuid pasSage Irespectively on the Upstream and 
downstream Sides of the pressure Ireducing valve. 

2. A hydraulic poWer tranSmission System as claimed 
in Claim, 1 including means Whereby the moving part 
CauSeS Operation ofthe pilot Valve apparatusatitomatically 
after a predetermined movement in each direction to 
efect automatic Ireversal of the hydraulic motor. 

3. A Innachine tool having a main Ireciprocating part 
arranged to be operated by a double-acting Iram the fiow 
of Working fuid to and from the ends of Which is con 
trolled by a Shuttle type control valve, a continuously 
driven pump arranged to Supply Working fuid under 
pressure at a rate which can be controled, a 1ow pres 
Sure Telief Valve acting as a preSSure-reducing valve in 
the delivery passage fron the pump Whereby an approxi 
Imately predetermined pressure diference is maintained in 
the parts of the Working fuid delivery passage on the 
two Sides of the preSSure-reducing Valve, an auxiliary 
pressure ine constituting a control valve operating fuid 
pressure line leading from the Working fuid delivery 
pasSage on the upstream Side of the pressure-reducing 
Valve to a pilot Valve While an auxiary exhaust ine 
constituting a control Valve operating filuid exhaust line 
leads from the pilot valve to the Imain working fuid 
preSSure pasSage on the downstream side of the pressure 
Ireducing Valve, infiow and outioW passages Heading from 
the pilot valve to the pressure chambers of the control 
Valve and arranged So that movement of the pilot Valve 
in one direction or the other from a Ineutral position 
cauSes correSponding movements of the control Valve to 
catise movement of the ram in one direction or the other, 
and means by which the ram during the latter parts of 
its movement in either direction causes appropriate move 
mentS of the piot Valve to cause IreWerSal of the Iram. 
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