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1. 
This invention relates to hydraulic power 

transmission systems of the kind comprising a 
power-driven pump by which liquid is delivered to 
a hydraulic motor, the Speed of which is con 
trolled by a control valve situated on the out 
let side of the motor. 
In such systems, it is usual to provide a relief 

valve between the pump and motor to by-pass 
excess liquid delivered by the pump and it has 
been proposed to effect opening of this relief 
valve by means of a piston usually incorporated 
therein, Subject to pressure (hereinafter called 
the controlling pressure) derived from a point 
between the motor and the control valve so as 
to facilitate relief and reduce the useless work 
performed by the pump. Such an arrange 
ment considerably relieves the pump especially 
at low motor speeds and when the motor is 
stopped, but does not deal adequately with the 
problem of preventing over-running of the mo 
tor during transition periods when sudden reduc 
tions in load on the motor or sudden closing of 
the control valve takes place. 
The object of the present invention is to pro 

vide an improved hydraulic power transmission 
system of the kind referred to in which, as far 
as possible, the positive control of the motor 
speed in accordance with the setting and changes 
of setting of the control valve will tend to be 
achieved at all times. 
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To this end a hydraulic power transmission 
system of the kind referred to according to the 
present invention includes not only a relief Valve 
between the pump and motor controlled by the 
pressure in an operating chamber connected to 
a point between the motor and control valve so 
that the control valve opens when this pressure 
exceeds a predetermined value, but also an auto 
matic braking valve disposed between the con 
trol valve and the motor and SO controlled by 
the pressure at this point that it closes if and 
When such pressure exceeds a predetermined 
Value. 
Conveniently, means are provided for adjust 

ing to fine limits the relative pressures at which 
respectively the relief valve opens and the brak 
ing waive closes so as to enable the relationship 
between these pressures to be adjusted to en 

40 

sure that the relief valve opens at a slightly 
lower pressure than that at which the braking 
valve closes without, however, there being any 
substantial band of pressures over which the 
relief valve and the braking valve are both open 
so that close control of the motor Speed is lost 
and without there being any pressure at which 
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both valves tend to remain closed with the con 
sequent tendency for instability of conditions 
in the System and undesired loading of the pump. 
The invention may be carried into practice 

in various Ways, but One construction according 
to the invention is illustrated, somewhat dia 
grammatically by Way of example in the accorn 
panying drawing in which 

Figure 1 is a diagrammatic View of a com 
piete hydraulic power transmission system en 
bodying the invention, 

Figure 2 is a vertical cross-section through th 
relief valve embodied in the system shown in 
Figure and 

Figure 3 is a similar view to Figure 2 of the 
braking valve embodied in the system shown in 
Figure 1. 
The System shown in Figure 1 comprises a 

reservoir. A for liquid from which the liquid is 
drawn through a pipe A by a power-driven 
guing indicated at B and delivered via a pipe B 
through a relief valve indicated generally at C 
and a pipe C1 to a hydraulic motor indicated 
generally at D from which the liquid returns 
through a pipe D, a braking valve E, a pipe E, 
a control valve F and a pipe G to the reservoir A. 
The braking valve E is normally continuously 

open and control valve F controls the speed of 
the motor D by controlling the rate at which 
liquid is permitted to fioW through it, and is 
arranged in known manner so that for each 
setting of the valve there will be a correspond 
ing appropriate speed of the motor D which 
will tend to be maintained in spite of variations 
in the load on the motor. 
To this end the relief valve C as shown clear 

ly in Figure 2 comprises an operating piston C8 
mounted to move axially in the casing C and 
rigid With the valve member C which controls 
a relief port C8 situated at the junction of the 
pipes B1 and C which are in free communica 
tion with one another. 
The underside of the piston C8 is subject to 

the preSSure in an operating chamber H1 which 
is connected through a pipe H to a point in the 
pipe E, that is between the motor D and con 
trol valve F. This pressure is opposed on the 
piston C1 by a spring C4 the loading of which 
can be varied by an adjustment of an adjustable 
abutment C5. A passage C6 through the valve 
C serves to ensure that both ends thereof are 
Subject to relief pressure only. It will thus be 
seen that when pressure between the motor D 
and the control valve F exceeds a predeterrained 
value, the relief valve C2 will be opened against 
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the action of the spring C4. So as to facilitate the 
flow of fluid through the relief port C3 which 
is connected by a return pipe C to the res 
ervoir A. In this way, a constant pressure tends 
to be maintained in the pipe E on the pressure 
side of the control valve F, and hence a con 
stant flow tends to take place through this valve 
F for any given setting thereof. This opera 
tion will be clear when it is considered that in 
creases in the load on the motor. D will produce 
a reduction in the pressure in the pipe E and 
hence on the control valve F and in the cham 
ber H1. This reduction in pressure causes a 
closing movement of the valve C2 which will 
thereby increase the pressure of fluid supplied 
to the motor D to a degree sufficient to meet 
the increased load and restore the pressure in 
the pipe E1 and hence in the chamber H. 
The chamber H may also be connected 

through a spring-pressed valve J to a point in 
the pipe Bi between the pump B and the relief 
valve C, while a restriction indicated at H is 
provided in the pipe H so that if and when ex 
cess pressure occurs in the pipe B, the valve 
J will lift to permit flow therethrough in exceSS 
of that which the restriction can accommodate 
thus producing increased pressure in the cham 
ber H1 which Will cause the relief valve CP to 
lift. The valve J is set so that it opens Only 
if an excessive pressure greater than the maxi 
mum at which the apparatus is designed to Op 

- erate occurs in the pipe B, this Vaive thus being 
in the nature of a safety valve. 
The braking valve E is as shown, arranged 

"...between the motor D and the control valve F 
; so that all liquid passing through the pipes 
Dl, EI, between the motor D and the control 
valve F has to pass through the braking valve. 
This valve, which as mentioned above is nor 
mally continuously open, comprises a casing E. 
containing an axially movable valve member E? 
adapted to control the outlet port E3 and pro 

" vided with a piston E4 on which acts a Spring E 
tending to maintain the valve open So that free 
flow of fluid can take place between the pipes 
D1 and E1. The valve member E2 is provided 

* with a bore E6 so that an operating chamber 
: E above the piston E is subject normally at 
- all times to the pressure in the pipes D, E. 
The space E8 below the piston communicates 
through a port E.9 and pipe E10 containing a 
restriction E11 with the reservoir A. 

It Will be seen that the braking valve will nor 
: mally be maintained open by the spring E5 but 
that if and when the pressure in the pipes D, E: 
exceeds a predetermined value, this pressure, 
acting on the top of the piston E. Will cause the 
walve to close and thus prevent flow of liquid 
through the pipe D1. If desired, a point in the 
pipe D1 may be connected through a spring 
pressed safety valve K to the chamber E8 through 
the part of the pipe E10 on the adjacent side 
of the restriction E11. The valve K is then 
arranged so as to open only if and when a 
pressure occurs in the pipe D in excess of the 
maximum for which the apparatus is designed. 

... It will be seen that with this arrangement, should 
... such an excessive pressure be experienced, the 
valve K will open so that pressure is admitted 
to the chamber E8 to open the braking valve. In 

: addition, a spring pressed Safety valve L. may 
be provided in parallel with the control. valve 
F, this safety valve also being adapted to open 
only on the occurrence of a pressure thereon in 

3 excess of the maximum for which the appara 
tus is designed. 

4. 
The setting of the spring C is so adjusted in 

relation to that of the spring E5 that the relief 
valve C2 will open at a pressure in the pipe H 
slightly less than that at which the braking Valve 
EP, closes, but preferably With as little difference 
between these two pressures as can be ensured 
with certainty. Thus, when the pressure in the 
pipes D, E slightly exceeds that at which the 
valve C is set to open, the valve C2 is opened, 
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0 and if under these conditions the pressure in the 
- pipes' D, E remains substantially constant, as 
will normally be the case, the braking valve E 
remains : open. If, however, in these circum 

-stances, the pressure in the pipes D, E shows an 
25 appreciable increase above that at which the 

relief valve, C. opens, as may occur for example 
due to sudden removal of the load on the motor 
D, or to the fact that the motor is suddenly driven 

-for-example by the falling of a hammer or other 
20 member which it operates, the braking valve E? 

will at once close and thus positively prevent the 
Speeding up of the motor D. It will thus be seen 
that the speed of the motor D is positively. Con 
trolled under Substantially all conditions. 
What we claim as Our invention and desire to 

Secure by Letters Patent is: 
1. A hydraulic power transmission system in 

cluding in combination a power driven pump, a 
hydraulic motor to which liquid is delivered by 

30 the pump, a control-valve controlling the flow. of 
liquid from the motor, a relief valve situated be 
tween the pump and motor and including means 
tending to close the relief valve and an operating 
member disposed in an operating chamber the 

35 pressure in Which acts on the operating member 
to tend to open the valve, means for connecting 
the operating chamber-to-apoint between the 
motor and the control valve, and an automatic 
braking valve disposed" between the motor and 

-ji) the control valve and including; means tending 
to open the braking valve, an operating member 
disposed in an operating chamber the pressure in 
which acts on the operating member in a direc 
tion-to close the braking valve and means con 
necting the operating chamber of the ... braking 

45 valve to a point between the motor and the con 
strol valve. 

2. A hydraulic power transmission system in 
cluding in combination a power driven pump," a 
hydraulic motor to which liquid is delivered by 

50 the pump, a control valve controlling the flow of 
liquid from the motor, a relief valve situated be 
tween the pump and motor and including means 
tending to close the relief valve and an operating 
member disposed in an operating chamber, the 

55 pressure in which acts on the operating member 
to tend to open the valve, means for connecting 
the operating chamber to a point between the 
motor and the control valve, an automatic brak 
ing valve disposed between the motor and the 

80 control valve; and including means tending to 
open the braking valve, an operating member dis 
posed in an operating chamber the pressure in 
which acts on the operating member in a direc 
tion to close the braking valve, means connecting 

65 the operating chamber of the braking valve to a 
point between the motor and the control valve, 
-and-means for adjusting within fine limits, the 
relative pressures at which respectively the relief 
valve is opened and the braking valve closes. 

70 3.A. hydraulic power: transmission system in 
cluding in combination a hydraulic pump, a hy 
draulic motor having its inlet connected to the 
outlet from the pump, a control valve controlling 
the flow of... fluid through the outlet from: the 

75 motor, a relief valve situated between the pump 

2 5 

3. s 



2,586,558 
5 

and the motor and comprising a valve member, 
a Spring tending to maintain the valve closed, an 
operating chamber and a piston in the operating 
chamber connected to the valve So as to open the 
valve when the pressure in the operating chamber 
exceeds a predetermined value, means for con 
necting the operating chamber to a point be 
tween the motor and the control valve, an auto 
matic braking valve disposed between the con 
trol Valve and the notor and comprising a Valve 
member, a spring tending to maintain the valve 
open, an operating chamber and a piston in the 
operating chamber adapted to close the valve 
When the preSSure in the operating chamber ex 
ceeds a predetermined value, and means con 
necting the operating chamber of the braking 
valve to a point between the motor and the con 
trol valve. 

4. A hydraulic power transmission system 
including in combination a hydraulic pump, a 
hydraulic motor having its inlet connected to the 
outlet from the pump, a control valve connected 
to the outlet from the motor for controlling the 
flow of fluid through the motor, a relief valve in 
the connection between the pump and the motor 
and comprising a valve member, a counter 
balancing Spring tending to maintain the valve 
closed, an operating chamber and a piston in 
the operating chamber connected to the valve 
so as to open the valve when the pressure in the 
Operating chamber exceeds a predetermined 
value, fiuid pressure conducting means connect 
ing the operating chamber to a point in the 
connection between the notor and the control 
valve, an automatic braking valve in the con 
nection between the control valve and the motor 
and comprising a valve member, a counter 
balancing Spring tending to maintain the brak 
ing valve open, an operating chamber having 
fluid pressure conducting means between it and 
the connection from the motor to the control 
valve, a piston in the operating chamber adapted 
to close the braking valve when the pressure in 
the operating chamber exceeds a predetermined 
value, and means for varying the relative forces 
of the counterbalancing Springs acting on the 
pistons respectively of the relief valve and brak 
ing valve to enable the pressures at which these 
valves respectively open and close to be adjusted 
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in relation to one another so that the relief 50 
valve opens at a slightly lower pressure than that 
at Which the braking valve closes whereby the 
speed of the motor is automatically controlled. 

6 
5. A hydraulic power transmission system in 

cluding in combination the elements set forth 
in claim 3 in which a Spring pressed pilot valve 
is situated between the pump and the relief valve 
and arranged when opened to deliver liquid under 
pressure to the operating chamber of the relief 
valve, and a restriction is provided between this 
operating chamber and the point in the con 
nection between the motor and the control valve 
to Which it is connected. 

6. A hydraulic power transmission System in 
cluding in combination the elements set forth 
in claim 3 in which a point between the motor 
and the control valve is connected through a 
spring pressed pilot valve to a chamber in which 
lies the face of the piston of the braking valve 
remote from the operating chamber of the brak 
ing valve so that when this pilot valve opens it 
admits pressure tending to open the braking 
valve. 

7. A hydraulic power transmission system in 
cluding the elements claimed in claim 4 in which 
a spring pressed pilot valve is situated between 
the pump and the relief valve and arranged 
when opened to deliver liquid under pressure to 
the operating chamber of the relief valve, and a 
restriction is provided between this operating 
chamber and the point in the connection between 
the motor and the control valve to which it is 
connected; and a point in the connection between 
the motor and the braking valve is connected 
through a second spring pressed pilot valve to 
a chamber in which lies the face of the piston 
of the braking valve remote from the operating 
chamber of the braking valve so that when this 
pilot valve opens it admits pressure tending to 
open the braking valve. 

FRANCIS BENJAMIN LEVETUS. 
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