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In hydraulically controlled machines with a plurality 
of working cylinders, it is frequently necessary to pro 
vide an increase in the operative pressure of a deter 
mined cylinder or of a determined group of cylinders a 
predetermined period of time prior to the functioning 
of another cylinder or group of cylinders. At the same 
time it is necessary that the above mentioned pressure 
increase should occur dependably and shortly before 
the following operation and that the initial operation 
can be preferably carried out at a reduced working 
pressure. The above control of the operative pressure 
is necessary in the case of hydraulic presses for casting 
under pressure wherein the mould is first closed by a 
reduced pressure in its operating cylinder and only short 
ly before injecting the metal through the action of an 
other cylinder the mould is pressed home by an increased 
pressure. 
As a rule, such control of the operative pressure is 

obtained by means of a pressure multiplier with an ap 
propriate control device. In that case, the ratio of pres 
sure increase is constant and determined by the construc 
tion of the pressure multiplier. 
A similar procedure is required e.g. in automatic resist 

ance butt welding machines. In this case the objects to be 
welded are clamped by one group of clamping cylinders at 
a reduced pressure. At such reduced pressure, resistance 
heating and melting of the clamped objects takes place. 
Thereupon follows the compression of the welded objects 
by an increased pressure which must be preceded by an 
increase of the clamping pressure. In order to prevent 
slipping in the clamping jaws, it is necessary to provide 
an increase of the clamping pressure that corresponds to 
the friction of the object undergoing welding. On the 
other hand, the clamping pressure ought not to be ex 
cessive, so as to avoid an undesirable wear of the clamp 
ing jaws which are usually made of copper. Therefore, 
it will be necessary to provide for the possibility of alter 
ing the ratio between the clamping and compressive pres 
SS 

It is an object of the present invention to provide an 
hydraulic control system for hydraulic operated machines 
of the kind performing resistance butt welding, pressure 
molding and the like, and wherein the system comprises 
at least two working sections each having at least one 
working cylinder therein, a single source of hydraulic 
fluid under pressure with means for supplying the hy 
draulic fluid from the source to the sections for operat 
ing the cylinders of the latter, means altering the pres 
sure of the hydraulic fluid Supplied to one of the sec 
tions immediately prior to the working stroke of a cylin 
der in another of said sections, and at least two pressure 
regulating valves arranged in series in the means for sup 
plying hydraulic fluid to the cylinders, the two pressure 
regulating valves being individually adjustable. 
Another object is to provide an hydraulic control sys 

tem of the described character, wherein the pressure regul 
lating valve nearest to the source of hydraulic fluid is 
automatically rendered inoperative when the pressure in 
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the fluid supplying means attains the value at which that 
regulating valve is adjustably set to release, whereafter 
the valve of the pressure of hydraulic fluid Supplied to 
said other section of the machine is determined exclusive 
ly by the other pressure regulating valves. 

It is a further object of the invention to provide ari 
hydraulic control system of the described character which 
further comprises bypass means connected in parallel 
with the series connected pressure regulating valves, slide 
valve means interposed in the bypass and through which 
the latter forms a connection between the means Supply 
ing hydraulic fluid to the different sections, throttle 
valve means interposed in the bypass and through which 
hydraulic fluid under pressure is returned to the source 
thereof in one position of the slide valve means, and 
electro-magnetic means operative to actuate said slide 
valve means to another position effecting blocking of 
the bypass and rendering inoperative the throttle valve 
means so that the pressure regulating valves then co 
operate to determine the operating pressure of the hy 
draulic fluid. 
The accompanying drawing illustrates, merely by way 

of example, in a diagrammatic manner an embodiment 
of the present invention on a hydraulically operated re 
sistance butt welding machine. 
The machine includes two clamping cylinders i and 2 

with the respective distribution valves 3 and 4. These 
distribution valves 3 and 4 are mounted on the respective 
camping cylinders and 2. The clamping cylinders 1 
and 2 are connected to clamping jaws a and 2a, by which 
the plates or articles A and B to be butt welded are held 
during the welding operation. The clamping cylinder 1 
and the related clamping jaws a are attached to the 
frame of the machine while the cylinder 2 and its clamp 
ing jaws 2a are attached to a separate body 6 which is 
shiftable on the frame of the machine within sides 19 for 
movement of the jaws 2a toward and away from the jaws 
a. In view of the body 16 being movable, it is necessary 

to provide an inlet and outlet for the operating liquid 
into, and out of, the distributor valve 4 formed of flexi 
ble or telescopic tubes 7 and i8. The moveable body 
6 is connected to the piston rod of hite working cylinder 

5. This cylinder 5 is controlled through a control valve 
6 mounted on the cylinder 5. On a pressure liquid tank 
7 are mounted an electric motor 8 driving a pump 9. 
The increased clamping pressure is determined by a pres 
sure regulating valve 10 and the increased stamping pres 
sure is determined by another pressure regulating valve 
1. The respective release or regulated pressures of the 
valves 18 and 1 are determined by the forces of springs 
22 and 23, respectively, which act upon the valve mem 
bers, and the spring forces can be individually adjusted, 
to individually vary the release pressures of the valves 
10 and 1, by rotating the hand wheels 2 and 21 of 
spindles bearing against the springs 22 and 23, respec 
tively. The valves E0 and are connected in series and, 
in parallel with both valves 50 and are connected a 
switching slide valve 12 and a throttling valve 3. The 
slide valve 2 is controlled through an electromagnet i4. 
In the pipeline between the pump and the clamping cylin 
ders, a check valve 15 is provided for permitting the feed 
of pressure fluid therethrough only in the direction toward 
the clamping cylinders and 2 from the pressure 
source 9. 
The pressure regulating valves 10 and have respec 

tive valve housings 161 and 111 of stepped cylindrical 
shape. The high pressure connections to the housings are 
made in the wider cylinder portion of the housing and 
the low pressure connection is made to the cylindrical 
portion of the housing of reduced diameter. Differential 
pistons 102 and 112 are axially slidable respectively in 
the valve housings 101 and 111, and have each a cylin 
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drical portion of greater diameter tightly fitting in the 
cylindrical portion of the housing having a larger di 
ameter, and a portion of a smaller diameter matching the 
smaller housing portion. When in the closed position, 
the cylinder and piston define an annular space in the 
larger portion of the valve housing which communicates 
with the high-pressure connection. When in the open 
position, the valve pistons 02 and 12 are entirely con 
tained within the larger portion of the valve housings 
101, 111. For this reason, the opening or relieving pres 
sure of the valves 10 and 11 is greater than the closing 
pressure. In other words, the valves 10 and 11 move 
from the closed to the open position at a relatively high 
pressure capable of overcoming the restraining force 
of the springs 22, 23, when acting on the annular Sur 
face of the larger piston portion. The valves close only 
when the pressure within the valve housings 10, 11 is 
low enough so that the springs 22, 23 can overcome the 
fluid pressure acting on an area corresponding to the 
full cross section of the cylindrical housings 101, 11. 
More specifically, as shown in the drawing, the inlet 

of pump 9 draws hydraulic liquid from the tank 7 by 
way of a conduit 24, while the outlet of pump 9 is con 
nected to a conduit 25 having the check valve 15 inter 
posed therein and extending to the inlet ports of control 
valves 3 and 4 associated with clamping cylinders and 
2. A conduit 26 branches off from conduit 25 at a loca 
tion intermediate pump 9 and check valve 15 and ex 
tends to the wider cylindrical portion of the housing 181 
of pressure regulating valve 10. A conduit 27 extends 
from the relatively small diameter lower portion of valve 
housing 101 to the relatively large diameter portion of 
valve housing 111 to supply hydraulic liquid under pres 
sure to housing 111 only when the pressure in conduit 
26 is sufficiently high to lift piston 102 of valve 10 to its 
open position. A conduit 28 extends from the relatively 
large diameter portion of housing 11 of valve 1 to the 
inlet of control valve 6 associated with the working cylin 
der 5 and supplies hydraulic fluid under pressure to con 
trol valve 6 following the raising of the piston 02 of 
valve 10 to its open position. A conduit 29 extends from 
the lower relatively small diameter portion of housing 111 
to a return conduit 30 extending back to tank 7 and is 
effective to dump hydraulic liquid back to the tank for 
relieving the pressure in conduit 28 when the pressure 
acting in the large diameter portion of housing 1 ex 
ceeds a predetermined pressure established by adjust 
ment of the force of spring 23, which excessive pressure 
is effective to raise piston 12 to its open position. 
A bypass conduit 31 extends from the conduit 25 at a 

location between conduit 26 and check valve 15 and 
connects to the inlet of slide valve 12, while the outlets 
of slide valve 12 are connected to a conduit 32 having 
the throtting valve 13 interposed therein and extending 
to the return conduit 30, and to an alternative flow path. 
conduit 33 which extends to the conduit 28. 

In a condition of rest of the machine, the slide valve 
12 is in its extreme right-hand position, as shown in the 
drawing, and the pump 9 is operating at a relieved pres 
sure of about 5 atm. caused by the frictional resistance 
to flow of the pressure fluid in the throttling passage 
leading through the conduit 31, the slide valve 12, the 
conduits 33 and 28, the control valve 6 and the return 
conduit 30 back to the tank 7. At such a low pressure, 
the clamping of the objects to be welded is carried out 
and thereupon the feed of the pressure liquid through the 
control valve 6 back into the tank 7 is stopped in a well 
known manner and the pressure is increased up to the 
basic operating valve of about 15 atm. by passing the 
pressure liquid from the pump 9 through the conduit 3i, 
the slide valve 12, the conduit 32 and the throttling valve 
13 therein, and the return conduit 30 back into the tank 
7. The basic working pressure of about 15 atm. is at 
tained by a proper adjustment of the throttling valve 13 
which is always set for a pressure lower than the pressure 
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4. 
setting of the valve 10. At this pressure, the basic weld 
ing operations are carried out, that is, the resistance heat 
ing and melting of the clamped objects. 

Shortly before finishing the melting operation, the elec 
tromagnet 14 shifts the slide valve 12 into its extreme 
left-hand position, thus stopping the passage of the pres 
sure liquid through the slide valve 12 and throttling valve 
13. The pressure liquid passing out of the pump 9 now 
has to overcome the resistance of the series connected 
pressure regulating valves 10 and ii. By adjusting the 
hand wheel 20 of the pressure regulating valve 10 the 
pressure of the liquid is first brought up to the adjusted 
camping value and is retained within the clamping cylin 
ders by the check valve 15. Thereafter, the pressure is 
altered to a value determined by the other pressure 
regulating valve 11 set for the increased pounding or 
stamping pressure. 

It is thus obvious that after the increase of the clamp 
ing pressure acting in cylinders 1 and 2 to the value de 
termined by the valve 10 there follows immediately the 
increase of the pounding pressure acting in cylinder 5 
to the value determined by the valve 11, which pound 
ing pressure is transmitted to control valve 6 by way of 
the conduits 26, 27 and 23, both pressure operations 

5 following immediately after each other, without any risk 
of confusion. Both pressure stages can be set inde 
pendently of each other by the adjustment of the hand 
wheels 20 and 21 of the respective pressure regulating 
valves. 
The hydraulic control apparatus according to the pres 

ent invention enables substantial advantages to be ob 
tained over the hitherto known devices. The apparatus 
according to the invention is characterized by its simple 
and dependable functioning, contributing in a high degree 
to savings in the cost of replacing or repairing the ex 
pensive tools (moulds) and clamping jaws. 
What I claim is: 
1. An hydraulic control system comprising first and 

second working cylinders, a source of fluid under pres 
sure, first conduit means extending from said source to 
said first working cylinder and having check valve means 
therein permitting flow of fluid through said first con 
duit means only in the direction toward said first working 
cylinder, second conduit means branching-off said first 
conduit means between said source and said check valve 
means and extending to said second working cylinder, 
pressure relief means interposed in said second conduit 
means to establish a predetermined pressure of the fluid 
fed therethrough to said second working cylinder, and 
pressure responsive valve means interposed in said second 
conduit means between said pressure relief means and 
said first conduit means and opertive to close said second 
conduit means until the pressure in said first conduit 
means has reached a predetermined value higher than 
that of said predetermined pressure to be established by 
said pressure relief means, whereupon said pressure valve 
means opens and remains open at said predetermined 
pressure established by said pressure relief means while 
said check valve means ensures that said predetermined 
value of pressure at which said pressure responsive valve 
means opens continues to act in said first working cylin 
der. 

2. An hydraulic control system as in claim 1; further 
comprising return conduit means, by-pass conduit means 
extending to said returnconduit means from said first 
conduitm eans between said source and check valve 
means and by-passing said second conduit means, a shut 
off valve and a throttling valve interposed in series in 
said by-pass conduit means and operative, when said shut 
off valv is open, to establish a pressure in said first con 
duit means which is lower than said pressure at which 
said pressure responsive valve means opens. 

3. An hydraulic control System as in claim 2; further 
comprising control valve means for said second work 
ing cylinder communicating with the latter and with said 
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second conduit means and said return conduit means, 
and means defining an alternative flow path for fluid 
from said shut-off valve through said control valve means 
to said returnconduit means and interposing a smaller 
resistancet o flow than said throttling valve so that, So 5 
long as said shut-off valve and alternative flow path are 
simultaneously open, fluid acts in said second working 
cylinder at a pressure lower than said pressure estab 
lished by said throttling valve. 
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