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The invention relates to the combination of 
an hydraulic pressure transformer with a low 
pressure pump and in particular with a cen 
trifugal pump for the purpose of continuously 
delivering a liquid at high pressure. 
An object of the invention is to provide a 

new combination of elements which is adapted 
to supply a continuous delivery of liquid at high 
pressure when supplied with driving liquid at a 
low pressure from a centrifugal pump. 
Another object of the invention is to provide 

a combination of elements in which a centrif 
ugal pump is supplying liquid at low pressure to 
a pressure transformer through a rotating dis 
tributor for driving differential double-acting 
pistons moving in low pressure cylinders having 
equal'diameter while the high pressure cylinders 
located at each end of each low pressure cylin 
der have diameters different from one another. 

Still another object of the invention is to'pro 
vide a combination of a centrifugal pump with 
a pressure transformer in which the high pres 
sure cylinders are alternately located around 
the rotating distributor so that the high pres 
sure cylinders of a certain diameter are located 
between high pressure cylinders of different 
diameters. 

Still another object of the invention consists 
in ‘providing on ‘the discharging pipe an vauto 
matic device for controlling ‘the pressure of the 
exhausted liquid which comprises a chamber 
having two valves, one of which moves under 
the joint action of the pressures of the driving 
?uid ‘and of the discharged ?uid While the 
other is actuated under the action of the driv 
ing ?uid only. 
With these objects and other purposes as 

shown below, the invention will be described 
and more particularly pointed out in the follow 
ing speci?cation, drawings and claims. 

In the drawings: 
Figure 1 is a diagrammatic sectional view 

showing the principle of operation of the com 
bination ‘according to the invention. 

Figure 2 is a diagrammatic sectional view 
particularly illustrating an automatic device on 
the discharging pipe. 

Figure 3 is a diagrammatic sectional view 
showing a combination in which the high pres 
sure cylinders have di?erent diameters. 

Figure 4 is a 'transversal sectional view through 
a combination with six differential pistons, 
wherein the high pressure cylinders of differ 
ent diameter are alternately located around th 
distributor. _ ' 

‘Figures 5, 6 and 7 are sectional views through 
the automatic device, the latter being respec 
tively 'at rest, at the time of being actuated by 
the liquid at low pressure and at the time of 
being actuated at high pressure. ' 

Figure 8 is a view partly in section and partly 
in perspective for illustrating the-speed reduc 
ing device. 

10 

15 

20 

25 

30 

35 

40 

50 

in GI 

60 

2 
In the ?gures like reference characters relate 

to like parts. 
According-to Figure 1, a pump 1 draws liquid 

from a tank 2 and delivers it at low pressure 
through a pipe 3, which divides into two 
branches 6 and ‘l, a rotary distributor 4, which 
is actuated by a pulley 5 and which puts these 
branches into communication with one or the 
other of the faces of a piston‘ l0, freely sliding in 
a cylinder 12. Two other pistons H and Ila. 
connected to the piston I!) slide in two other 
cylinders l3 and [3a. l4 and I 5 are passages 
through the distributor 4, communicating with 
the pipes ‘l and 6 respectively. 
Assuming that the passage 15 of the distribu 

tor ii is open, the passage M being closed, then 
the liquid arriving from the pump I through the 
pipe '6 traverses the distributor 4 and goes into 
a chamber 12a‘ in the cylinder 12, so as to act 
upon the face 9 of the piston Ill, thus urging the 
differential piston Ill-l l—i la towards the left 
and producing a partial vacuum in the com 
pression chamber Hi. The chamber l2a is filled 
with liquid coming from the pipe 6. The same 
applies to the chamber it, which is ?lled with 
liquid by a pipe ll, by which the two chambers 
|2a and I6 communicate with one another if a 
valve [8 located on this pipe is open. When 
the chamber 16 is full, the distributor 4 con 
tinuing its course opens the passage l4, thus 
enabling the liquid coming from the pipe 1 to. 
enter the chamber I212. 
The differential piston Hl—ll returns towards 

the right, compressing in the chamber It the 
liquid contained therein, which closes the valve 
I8 and opens a valve l9, which admits the liquid 
to a channel 29, leading to the service pipe 2|. 
The liquid contained in the chamber I20; re 
turns to the tank 2 by a pipe 22 through a sepa~ 
rate passage, not shown, provided in the dis 
tributor 4, which communicates with a pipe-line, 
not shown, and the cycle vrecommences with the 
opening of the port l5, the closing of the port 
Hi, and the opening of the ports, not shown, 
that enable the fluid contained in the chamber 
121) to return to the tank 2. 
Figure 2 represents an application of the >in_ 

vention. In this ?gure, two differential pistons 
2i and 22 are represented, moving in cylinders 
29 and 3%! respectively. A distributor 25 turn 
ing in a casing 26 is actuated through the 
medium of a pulley 24 by a motor 23. In the 
casing 25, an annular crown-member 2'l—2la 
is constructed in such a manner that the ?uid 
can pass into the cylinders 29 and 38 on to one 
or the other face of the pistons 21 and 22 ac 
cording to the position of ports 3| and 32 pro— 
vided in ‘the distributor 25. 
The centrifugal pump l drawing water from 

the tank 2 feeds through the pipe 3 an annular 
cavity 27—-2la. provided in the casing 26. Fig 
ure 2 represents the apparatus at the time when 
the distributor is so placed that the annular 
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crown-member 21--2Ta enables the ?uid to pass 
from the port 32 on to the face 34 of the piston 
2| and from the port 3| on to the face 33 of the 
piston 22 in the direction of the arrows. The 
fluid is also directed into compression chambers 
31 and 38 through pipes 35 and 36 by opening 
valves 39 and 4B. 
The piston 2i is therefore urged upwards and 

the piston 22 downwards. This movement ?rst 
has the effect of delivering the fluid contained 
in the portions 45 and 46 of the cylinders 29 and 
30 through pipes 43 and 44 and through a cen 
tral pipe-system 41 to the tank 2, and then of 
compressing the fluid that had been admitted 
into the compression chambers 48 and 49 dur 
ing the preceding stroke, thus compelling the 
valves 50 and 5| to open and to allow the ?uid 
to pass into a pipe-system 52-—53—54—-55, the 
end 55 of which leads to an automatic device 56, 
which feeds the service pipe 51. 

Since the distributor 25 continues to turn, 
the same cycle recommences for the other faces 
of the piston, thus enabling the pipe system 5‘! 
to be continuously fed with compressed fluid 
through the automatic device 56. 

It need hardly be said that the principle of 
the apparatus hereinbefore described can also 
be applied to pressure-reducing apparatus 
especially intended for liquids, which apparatus, 
receiving a high-pressure liquid, uses the driv— 
ing power of the said liquid in order to deliver 
a greater volume of another liquid at low pres 
sure. 

If the system be used as a press pump, the 
various phases involved may be automatically 
effected, namely: 

(1) Approach stroke of the piston of the 
pump (low pressure). 

(2) Pressure stroke (at high pressure). 
' Automatic working is eifected by interposing 
an automatic device 56 (Figure 2), as herein 
before stated. A pipe system 58 branched on 
the supply pipe 3 of the centrifugal pump | is 
connected to the device 56, and the delivery of 
this pump constitutes the approach delivery at 
low pressure. 
At the beginning of a pressing operation, the 

pressure in the pipe system 51 which leads to 
wards the press is zero, and the device 56 is in 
the stoppage position (see also Figure 5), the . 
valves 59 and 60 pressing on their respective 
seats. 
In order to lower the piston of the press, an 

operation which is effected at low pressure, the 
centrifugal pump l delivers into the pipe sys 
tem 58, and raises the valve 59, and the fluid 
travels towards the service pipe 5'! (see also 
Figure 6). The valve 60 is kept on its seat by 
the action of a strong adjustable spring press 
ing upon this valve through the medium of a 
piston 6|. The pipe system 55 is therefore shut 
off by the valve 60, and hence there is estab 
lished in the pipe system 52—53—54-55 a pres 
sure equal to the maximum pressure which is 
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capable of being produced by the small pistons 
62, 63, 64 and 65. This pressure being attained, 
the pistons 62, 63, 64 and 65 are immobilised by 
the equilibrium which is established between 
the driving effort on the large pistons 2| and 22 
and the force resisting the said pistons. 
sequently, the pistons are practically immobi~ 
lised at the very beginning of the pressing oper 
ation, since only a few strokes of these pistons 
are required in order to effect the equilibrating 
pressure in the pipe system 52-53-54 and 55, 

Con- " 

75 

delivery of the pump l. 

and hence the pressure-transformer is for the 
moment out of service and does not use the 

This delivery therefore 
passes entirely through the pipe system 58 the 
service pipe 51 by raising the valve 59, and ef 
fects the low-pressure approach stroke of the 
press connected to this service pipe. 
As soon as this stroke is terminated, which 

happens when the force on the piston of the 
press increases, the delivery of the pump I stops 
and the pressure in the pipe-system 58—51 
therefore increases up to the maximum value 
which the centrifugal pump can attain. 
This feature has two results: 
(1) The valve 59 is closed by the action of 

its return spring, since the delivery is zero; and 
(2) The pressure attained in the pipe 51 is 

also transmitted to the inside of the apparatus 
56, that is to say, to a chamber 62, which com 
municates with the pipe 51. 
This pressure is just the pressure which, act 

ing upon the piston Si. is capable of overcom 
ing the tension of the adjustable spring 63. 
Hence, the piston 6| moves, compressing the 
spring 63 and liberating the valve 60, which 
opens. We then have the position of Figure 7, 
that is to say, the valve 59 is closed and the 
valve 68 is open. Owing to the opening of the 
latter valve, the pipe system 54 (which was sub-. 
jected to high pressure as indicated at the be 
ginning of this description) is put into com 
munication with the chamber 62 and with the 
pipe system 51, which are both at low pressure. 
Consequently, the pressure in the pipe system 
54 falls so as to equal that of the pipe 51 and 
the chamber 62. - . ‘ ‘ 

At this junction the pressure-transformer be 
gins to function. Indeed, the pressure in the 
pipe system 52—53—54—-55 having fallen, the 
small pistons 62, 63, 64 and 65 are no longer 
subjected to a force capable of counteracting the 
force acting upon the pistons 2| and 22, and the 
movement of the said pistons is produced while 
eifecting the discharge of the delivery oc 
casioned by the pistons 62, 63, 64 and 55 through 
the manifold 52—53--54—55 towards the pipe 
system 51 and passing through the valve 60, 
which is raised. I 
The second stage of the press operation now 

begins, that is to say, the stage of the high 
pressure stroke. This stroke will continue un 
til the maximum pressure has been reached in 
the pipe system 51, which pressure will be that 
causing the pistons 62, 63, 64 and 65 to be im 
mobilised as hereinbefore explained. 
When the press operation is completed, the 

pipe system 51 is isolated from the press by a 
cock placed on the said press. This pipe sys 
tem 51 therefore remains at maximum pres 
sure, thus keeping the pistons 62, 63, 64 and 65 
immobilised. 
At the time of a fresh press operation, the 

pipe system 51 is again put into communication 
with the press (the pressure of which has been 
previously reduced to zero) , which has the effect 
of returning the valve 60, to its seat through 
the action of a spring 63, which is no longer 
balanced by the force on the piston 6|, and the 
same cycle recommences. 

It is possible further to increase the effective 
ness of such a hydraulic-pump press by pro 
viding two series of pistons of different cross 
sections, thus enabling an intermediate pressure 
to be created, which may be called “‘moderate 
pressure.” ‘ _ 
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‘The automatic apparatus 158 if Figure .2 is 
then constructed in such a manner as to ‘have 
two ‘valves such :as.~80 and two ‘springs .such as 
63 of different stiffness ‘so as to enable the ‘fol 
lowing operations to be successively put into 
service: 

(31) Direct. delivery of the centrifugal pump 
for the approach stroke'at low pressure; 

(2') Medium delivery at moderate pressure by 
the first series of jpistonsz 

(3) {Small delivery at high pressure by the 
second seriesof pistons. 
This automatic apparatus is, in this case, the 

apparatus represented at ~‘I0 in Figure 3. 
Itwill ?rst of all be noticed that the pipes 35 

and, 38 inFigure .2 are replaced in Figure 3 by 
tubes or ducts 84a, 85a, 861a, 8117,, which are in 
side pistons 84, ‘85, ‘88 and 81, provided with 
‘valves-8412,1351), 88b and 81b respectively at their 
ends, :and communicating with the chambers of 
the :[IliSiJQHS 82 and :83 throughv lateral openings, 
these tubes thusenabling the part of the ?uid 
to be compressed to enter the compression 
chambers 88, 8.9,, 90 and 9| .so as to be com 
Pressed therein. 
In Figure 3, TI is a retaining, or non-return 

valve located .at the ‘low pressure, 12: isa valve 
loaded with an adjustable spring for the mean 
pressure delivery, and "I3 is .a valve loaded with 
an adjustable springfor 'the high-pressure de 
livery. 

(2) Moderate delivery, at moderate pressure, 
through the manifold 92 corresponding to the 
pistons 84 and 85 which function alone-the two 
pistons 88 and 8'! (see Figures'3 and 4) remain 
ing stationary; ' 

(3) Small delivery at high pressure through 
the manifold .93 corresponding to the two pistons 

- 86 and 81 (Figures 3 and 4) , which function alone, 
the'pistons 84 and‘ 85 being vautomatically immo 
bilised because they cannot overcome the pressure 

"- established in the manifold 92, which is greater 

15 

than the pressure that canbe produced by the 
pistons 84 and 85. 
An electric motor 95 with a vertical shaft is 

the sole source of motive power for the unit, and 
> the distributor 8| is-set-in‘motion by means of a 
speed-reducing device with gear wheels 08, it 

" self driven by the vvertical spindle of the centrif 
- ugal pump. ’ 

20 
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The mode ,of operation is identical with that ofthe apparatus illustrated in Figure 2, with the ' 

modi?cation that when the low-pressure de 
liveryrterminates. the valve 12 opens under the 
action of the. :pressure on thepiston’“, and, _ 
when this medium-pressure delivery terminates. 
the valve.".'|;3 opens :under the action of the .new ' 
pressure acting upon the piston 1-5,. and does , 
thisywhile the valve 12 ,is ‘closing through the 
action of its small return spring. 
‘ltlieed hardlyqbe said that, according. to ,cir 

cumstance, it is possible to ‘provide other inter 
mediate deliveries and pressures by using. for 
each of ‘them a different .series of valves, pistons 
and springs. 
Figures .3 and 4 show a form of vconstruction 

40 

of .a .pressqpump so arranged as to operate the ‘ 
centrifugal ‘pump and the distributor by the 
same source of. power. 

.The functioning .is as. follows: A centrifugal‘ ‘ 
pump 16 sucks the liquid from a tank E11 forming 
a.»s.tand.forrthe group, through-1a ?lter l8, and 
discharges the said liquid at a ‘.low pressure 
through channels ‘I9 into an annular chamber. 

A distributor ‘8| effects the successive dis?v 
tribution of the liquid between groups of pistons‘v 
80. 

82 and 83, which are thereby actuated with a 
reciprocating motion, as are also the ‘medium 
pressure pistons 84- and 85, and the high-prese 
sure pistons .88 and 81, which discharge into 
chambers 88, 89, 90 and 9| leading to manifolds 
92 and93. ' 
The medium-‘pressure pistons 84 and '85, the 

crossésections #1 area of which is greater than. 
that of the pistons 486 and-81, produce a ?nal 
pressure which “is lower than that of the latter 
pistons, but thequanti-ty delivered by the former 
pistons is larger. ‘Home, with the automatic 
adjusting device 10, the following stages occur; 
forione press operation: . 

('1): Approach-stroke,‘ during which the ‘cen 
trifugal pump delivers directly through the 
manifold“, the pistons 84, 85, 88 and 81 being 
immobilised; " 
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> device and the distributor. 
_ Figure 8 gives details of the speed-reducing 

The speed-reducing 
device is constructed as follows: .A main shaft 
91, connecting the motor to the centrifugal pump, 
carries a pinion 98, which engages ‘with two 
toothed wheels 99 and I00. These two toothed 
wheels are mounted upon spindles I0'I and '|02_, 
whichare ?xed to a plate 103 which is rigid with 
a distributor ~8I. Moreover, these spindles |0| 
and I02 carry two small pinions I05 and I06 
driven by the wheels 99 and<~I00 and engaging 
with an "internally toothed .crown wheel I0], 
which remains ?xed. 
The rotation of vthe pinion 98 rotates the plate 

I03- and consequently the distributor 8|, in the 
same direction but at a very much reduced 
speed,_since the latterspeed is a function of the 
ratio between the! numbers of teeth on the 
pinion ‘98 and on the toothed wheels 99 and I00 
on the one hand, and of the ratio ‘between the 
numbers of teeth of the satellite pinions I05 and 
I05 and the ring of internal teeth I01 on the 
other hand. 
The distributor 8|. comprises a series .of pas 

sages. I08 and I09 which traverse the vwall, and 
of cells III! and III, which have no communica 
tion with the inside of the distributor sheath 8|,. 
When this distributor turns; one cell IIO puts 
an annular channel II 2—II2a, which is under 
pressure, into communication with the lower 
face .of the piston 83 through a channel IYI4, 
while the upper face of the piston 83. is put into 
communication with the emission of liquid 
through a channel “5, the passage I08 and the 
interior of the distributor, and leaves the latter 
at the top in the direction :of the arrow X. 

It will be seen, therefore, that the ‘distributor, 
through its rotary movement, successively puts 
each of the faces of the pistons 82 and 83 (Fig-. 
ure 3) into contact with the driving ?uid. and 
thus effects the reciprocating movements of the 
said pistons. , 

It will be obvious that the same process hap 
pens over the whole of the series of pistons, so 
that the delivery occasioned by the pistons is. 
continuous. This is due vto a careful arrange~ 
merit of the channels and ports over the dis-l, 
tributor. 

:In the constructions indicated. in Figures .1, 2. 
and 3, the part-of the fluid compressed to a high 
Pressure .is drawn from the driving ?uid at low 
pressure. Nevertheless it-need hardly ,be said 
that these two ?uids :may be different, and that 
it is possible, for instance, 

(1) To use an air or gas driving-?uid and to 
compress a liquid; 
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(2) To use a driving liquid in order to com 
press air or any gas; 

(3) To use air or any gas in order to com 
press another gas; or 

(4) To use any liquid in order to compress 
another liquid. _ 

All these constructions differ merely to a very 
small extent from the constructions illustrated, 
except with regard to the feeding of the pistons 
at high pressure, which has to be separate from 
the low-pressure driving ?uid whenever two dif 
ferent ?uids are used. 

10 

The low-pressure feed pump may be omitted _ 
if use be made of a driving ?uid at low pressure 
drawn from an existing supply pipe (water from 
a hydraulic main or the like). 
In this case the rotation of the rotary dis 

tributor is effected by means of a separate small 
motor, or by any other device, turbine for ex 
ample, using the driving ?uid. ' 
What I claim is: > I 

1. In a combination with a centrifugal pump 
of a pressure transformer comprising a‘ plurality 
of low pressure cylinders, a high pressure cylin~ 
der at each end of each low pressure cylinder, 
a di?erential piston moving in each of said 
cylinders, a rotating distributor located between 
said cylinders for alternatively supplying ?uid 
from said centrifugal pump to the opposite sec 
tions of the low pressure cylinders and to the 
high pressure cylinders, an external means for 
driving said rotating distributor, a discharging 
pipe, an automatic device located on said dis 
charging pipe for controlling the pressure of the 
exhausted ?uid, said automatic device compris 
ing a chamber provided with two valves, one of 
which moving under the joint action of the pres_ 
sures of the, driving ?uid and of the discharged 
?uid, the other moving under the action of the 
driving ?uid only. 

2. In a combination with a centrifugal pump 
of a pressure transformer comprising a plurality 
of low pressure cylinders having the same di 
ameters, a high pressure cylinder at each end of 
each low pressure cylinder, some high pressure 
cylinders having equal diameters, a differential 
piston moving in each of said cylinders, a rota 
ting distributor located between said cylinders 
for alternatively supplying ?uid from said cen 
trifugal pump to the opposite sections of the 
low pressure cylinders and to the high pressure 
cylinders, an external means for driving said 
rotating distributor, a discharging pipe, an au— 
tomatic device located on said discharging pipe, 
said automatic device comprising a chamber 
provided with two valves, one of which moving 
under the joint action of the driving ?uid and of 
the discharged ?uid, the other moving under 
the action of the driving ?uid only. 

3. In a combination with a centrifugal pump 
of a pressure transformer comprising a plural 
ity _of low pressure cylinders having the same di 
ameters, a high pressure cylinder at each end 
of each low pressure cylinder, half the number 
of the high pressure cylinders having diameters 
different from those of the other half, a differen 
tial piston moving in each of said cylinders, a 
rotating distributor located between said cylin 
ders for alternatively supplying ?uid from said 
centrifugal pump to the opposite sections of the 
low pressure cylinders and to the high pressure 
cylinders, an external means for driving simul 
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taneously said rotating distributor and said 
pump, a discharging pipe, an automatic device 
located on said discharging pipe, said automatic 
device comprising a‘ chamber provided with two 
valves, one of which moves under the joint 
action of the pressures of the driving ?uid and 
of the discharged ?uid and the other under the 
action of the driving ?uid only. ‘ ‘ 

4. In a combination with a centrifugal pump 
of a pressure transformer comprising a plural 
ity of low pressure cylinders, a high pressure cyl 
inder at each end of each low pressure cylin~ 
der, a differential piston moving in each of said 
cylinders, a rotating distributor located between 
said cylinders for alternatively supplying ?uid 
from said centrifugal pump to the opposite sec 
tions of the low pressure cylinders and to the 
high pressure cylinders, an external means-for 
driving said rotating distributor, a discharging 
pipe, an automatic device located on said dis 
charging pipe for controlling the pressure of 
the exhausted ?uid, said automatic device com 
prising a chamber provided with two valves, one 
of which moving under the joint action of the 
pressures of the driving ?uid and of the dis 
charged ?uid, the other moving under the action 
of the driving fluid only, said low pressure cylin 
ders having‘equal diameter and said high pres 
sure cylinders having different diameters. 

5. In a combination with a centrifugal pump 
of the pressure transformer comprising a plu 
rality of low pressure cylinders, a high pressure 
cylinder at each end of each low pressure cylin 
der, a di?erential piston moving in each of said 
cylinders, a rotating distributor located between 
said cylinders for alternatively supplying ?uid 
from said centrifugal pump to the opposite sec 
tions of the low pressure cylinders and to the 
high pressure cylinders, an external means for 
driving said rotating distributor, a discharging 
pipe, an automatic device located on said dis 
charging pipe for controlling the pressure of the 
exhausted ?uid, said automatic device compris 
ing a chamber provided with two valves, one of 
which moving under the joint action of the pres-' 
sure of the driving ?uid and of the discharged 
?uid, the other moving under the action of the 
driving ?uid only, said low pressure cylinders 
having equal diameter and said'high pressure 
cylinders having different diameters, said high 
pressure cylinders being arranged around the 
rotating distributor so that the high pressure 
cylinders having a certain diameter are located 
between the high pressure cylinders of a di?er 
cut-diameter. 
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