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POWER CONTROL DEVICE FOR TWO OR MORE 
HYDRAULIC PUMPS 

The invention relates to a power control device for 
two or more adjustable hydraulic pumps, operated by 
a common driving means and is particularly though not 
exclusively concerned with positive displacement 
pumps having means for adjusting their delivery ?ow, 
each pump being ?tted with its own power control de 
vice, which is continuously adjustable to the desired 
power value of each pump by means of an adjustment 
device. 
Such devices are intended on the one hand to protect 

the common driving apparatus operating the‘hydraulic 
pumps against overload, and on the other hand they 
make it possible to utilize as far as possible without loss 
the power capacity of thedriving apparatus even when 
the load on the individual hydraulic pumps is different. 
Power control devices are known for individual hy 

draulic pumps which keep constant the product p ' Q 
determining the power of a hydraulic pump, where p is 
the working pressure and Q the output of the pump. 
With the simplest‘form of total output control for two 
or more pumps, the arrangement is designed in such a 
way that each pump takes half the power of the driving 
apparatus, and in addition the power control for each 
individual pump is carried out in normal manner. 

It is also known to regulate double pumps jointly as 
soon as the total of the loads originating from the con 
sumers on the individual pumps exceeds the maximum 
derived power torque of the driving apparatus operat 
ing the double pumps jointly. In this case the working 
pressures of the individual pumps are exerted on a 
common piston arrangement, preferably a differential 
or stepped piston, which constitutes a component part 
of the regulation device common to the double pumps. 
Thereby only an adjustment of the double pumps that 
is necessarily simultaneous and equally great is possi 
ble. This drawback is not eliminated either by a device 
already proposed in which a pressure regulator is fitted 
to each delivery circuit, to limit the working pressures 
individually. This has the drawback that when, for ex 
ample, one of the pumps is adjusted to its zero position, 
the full output of the driving apparatus cannot be sup 
plied to the other pump, as the total output of the in 
stallation must be such that 'all the pumps driven by the 
same driving apparatus can operate at their maximum 
output power. , 

' With the form of power control in these known con 
trol devices, the product of the total of the working 
pressures by the arithmetic means of the output flow 

‘quantities is kept constant, i.e sum of the individual 
performances 

N: (Q1 + Q2)/(2) ' (pl +p2) = const. 

This means that in the power control range in each in 
stance of the‘ individual pump more or less the same 
output flow is supplied to each of these pumps, if they 
are to take up the same power. In practical use this 
leads to the result that the units driven by the one pump 
with‘ the higher working pressure perform undesirably 
fast movements, while the units driven by the other 
pump operating at a momentarily power working pres 
.sure, in accordance with the power control, are slowed 
down- undesirably A modification whereby the opti 
mum outputj?ow is supplied automatically, individually 
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2 
to the pressure for each working cycle, is not possible 
with the known power control devices. 
An object of the invention is to provide a control de 

vice which keeps constant the sum of all the individual 
powers, arrived at for each pump individually from the 
product of the working pressure and the output ?ow, 
Le. 

According to the invention a power control appara 
tus for two or more adjustable hydraulic pumps, driven 
by a common driving means and each having its own 
power regulator, includes a power control device for 
each pump for continuously adjusting the regulator to 
maintain a desired power value of the associated pump, 
and a pressure responsive device responsive to the de 
livery pressure of the companion pump and arranged to 
adjust the power of its own pump to the said delivery 
pressure. This makes it possible that when a working 
circuit does not take up the total driving power of the 
common driving apparatus, the excess is placed at the 
disposal of the other working circuit or circuits, while 
also the delivery ?ow is matched automatically to the 
working pressure prevailing in this working circuit or 
circuits on the basis of the individual power control. 

In one form of the invention the apparatus is pro 
vided with a device limiting the maximum delivery 
pressure of each pump, in which the power control de 
vice for each pump also has a delivery flow responsive 
device responsive to the delivery flow of the compan 
ion pump and arranged to adjust the power of its own 
pump according to the said delivery ?ow. An additional 
result of this is that not only on the operation of one of 
the pumps at zero or reduced the output of the driving 
apparatus can be placed at the disposal of the other 
pump, but also this'is also done when one of the pumps 
operates at maximum working pressure, but fails to 
take up the delivery ?ow or takes it up imperfectly. 

In one arrangement the power control device of each 
pump comprises a pilot valve acted on by a spring, the 
force of which depends on the delivery flow adjustment 
of the pump, and having a piston surface acted on by 
a control pressure depending upon the delivery pres 
sure of the pump, and derived from a point between 
two restricted ori?ces connected in series whilst the 
pressure responsive device comprises a throttle valve 
adjustable in accordance with the’delivery'pressure of 
the companion pump and connected in parallel with 
one of the restricted orifices. In such an arrangement 
the delivery ?ow measuring devicernay comprise a 
throttle valve adjustable in accordance with the deliv 
ery ?ow of the companion pump and also connected in 
parallel with the restricted ori?ce and the pressure re 
sponsive throttle valve. The pressure responsive throt 
tle valve may constitute the restricted orifice. 
Further features of the invention will be apparent 

from the following description of certain specific em‘ 
bodiments, given by way of example, with reference to 
the accompanying drawings, in which: 
FIG. 1 is a diagram of a control device according to 

the invention for two hydraulic pumps; 
FIG. 2 is a similar diagram of a further arrangement; ‘ 

and 
FIG. 3 shows performance curves to illustrate the 

modus operandi of the invention. - 
Two hydraulic pumps 1 and 2, adjustable with the aid 

of servo-motors 5 or 6, and driven by a driving appara 
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tus not illustrated, deliver pressurized ?uid in two 
working circuits 3 and 4 independent of each other. 
Mounted on each hydraulic pump 1, 2 is a power con~ 
trol device 7 or 8 consisting in a measuring spring as 
sembly 9 and 10 and control slide valve '11 or 12, the 
force of which may be adjusted by means of an adjust 
ment device comprising a stationary throttle valve 15, 
16 and an adjustable regulating throttle valve 17, 18. 
The maximum pressure in the working circuits 3, 4 is 
limited by an over-pressure valve 21, 22 (FIG. 1) or a 
pressure regulating device 27, 28 (FIG; 2). 
As previously known such a device operates as fol 

lows: When the pressure, in the working circuit 3, for 
example, increases, the pressure that builds up between 
the stationary throttle 15 and the regulating throttle 
valve 17 acts on the measuring or piston surface 13 of 
the control slide valve 11 against the force of the mea 
suring spring assembly 9 of the power control device. 
When the control slide valve 11 opens it admits pres 
sure ?uid from the working circuit 3 to the adjusting 
piston of the servo-motor 5 to adjust the hydraulic 
pump 1 to prevent further rise of pressure. At the same 
time, the crosshead 19 raises the initial force of the 
measuring spring assembly 9 until the control slide 
valve 11 again closes. 
When the pressure has reached, for example, the 

point B 1 (see FIG. 3) which is determined by the de 
sign of the power control device 7 and the power ad 
justment through the regulating throttle valve 17, the 
power control device 7 begins to operate in accordance 
with the curve N1, the characteristic of which is deter 
mined by the measuring spring assembly 9. 
The regulated power is kept constant, as the delivery 

?ow is continuously suited to the working pressure pre 
vailing at any time. 
As a result, as the working pressure increases, the 

performance curve N1, will run from B 1 to C 1, while 
the output Q 1 will be decreased corresponding to the 
characteristic. In the diagrams A1 and A2 denote the 
points of maximum output of the pumps at zero pres 
sure, and D 1 and D 2 the points where the output is 
nil at maximum output pressure in the working circuit. 
When the’ maximum pressure on the performance 
curve N1, i.e. the point Cl, is reached, there is a re 
sponse on the part of the member limiting the maxi 
mum pressure, e.g. the overpressure valve 21, insofar 
as the entire output is not taken up by the consumer. 
If the two hydraulic pumps 1 and 2 are normally loaded 
within the illustrated regulation range of each pump, 
the respective power control devices 7 and 8 operate 
only in the applicable range B1 - C1 or B2 —- C2 of the 
associated performance curve N1 or N2, so that in this 
range optimum matching of the sum of the powers of 
the two pumps to the power of the driving apparatus is 
possible. 

In the embodiment of the invention shown in FIG. 1, 
each hydraulic pump 1 and 2 is provided with a pres 
sure gauging member in the form of a pressure 
responsive adjustable throttle valve 24 and 23 con 
nected in parallel with the adjusting throttle valve 17 or 
18 associated with the other pump. 
Thus, both the adjustable throttles l7 and 24 or 18 

and 23 jointly in?uence the pressure acting on the mea 
suring surface 13 or 14 of the control slide valve 1 1 or 
12, depending upon the . working pressure of both 
pumps 2 and 1 and thereby the power adjustment of the 
power control device 7 or 8. The pressure~dependent 
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4 
adjustable throttle valve 24 or 23 has for the purpose 
an adjusting piston 26 or 25 connected with the work 
ing circuit 4 or 3 of the other pump. 
As long as the two working circuits 3, 4 are at zero 

pressure, the throttle valves 23, 24 are open. Thus, 
when one pump has zero output pressure the power 
control device 7, 8 or of the other is so adjusted that the 
latter pumps 1 or 2 could take up the entire output of 
the driving apparatus and could operate in accordance 
with the performance curve N1’ or N2’ of FIG. 3. If in 
the working circuit 3 the output pressure begins to rise 
from the point Al to the point B1 in FIG. 3, then the 
pressure acts also upon the adjusting piston 25 which 
progressively closes the adjustable throttle valve 23, 
until the valve 23 is fully closed when the point Bl has ' 
been reached. 
As long as the working circuit 4 of the pump 2 re 

mains at zero pressure, corresponding to the point A2, 
the pump 1 can accept the entire driving power, and 
therefore work according to the curve N1’. As soon as 
the pump 2 is loaded and the pressure increases in the 
working circuit 4, its pressure acts upon the pressure 
gauging piston 26, which progressively closes the ad 
justable throttle valve 24. As the working circuit 3 is 
under pressure, a pressure accumulates between the 
?xed throttle valve 15 and the adjusting throttle valve 
24, which acts additionally upon the measuring surface 
13 of the control slide valve 11, thereby altering the 
power adjustment of the hydraulic pump 1, so that the 
performance curve N1’, (on which the pump 1 oper 
ates while the pump 2 operates between the points A2 
and B2) is shifted in the direction of the performance 
curve N1. Each power adjustment of the hydraulic 
pump 2 is given a matching power adjustment of the 
hydraulic pump 1, which permits of the utilization of 
the total driving power, before the adjustment ranges 
originally allotted to the pumps (performance curves 
N1 and N2) are reached. The performance curve N l 
is reached when the throttle valve 24 is closed, i.e. the 
pump 2 has reached the point B2 through adjustment 
and loading. The pressure in the working circuit can at 
a maximum reach the point B2, as with the closure of 
the throttle valve 23 the performance curve of the 
pump 2 would be shifted from N2’ to N2. 

If the pressure of the pump 2 has reached the point 
B2, then the throttle valve 24 has closed and both 
pumps begin to operate in accordance with the curves 
N1 or N2 between the points Bl-Cl or B2-C2. On 
reaching the point C1 and/or C2, i.e. maximum pres 
sure, the output not taken up by the working circuits is 
released via the overpressure valve 21 or 22. 
FIG. 2 shows a modified arrangement in which the 

output that would be lost through this release from one 
pump is made available to the other pump. For this pur 
pose each of the hydraulic pumps 1 and 2, is provided 
with a further output-dependent adjustable throttle 
valve 30 or 29, which is connected with the servo 
motor 6 or 5 of the other pump 2 or 1, via a lever 32 
or 31 connected to the crosshead 20 or 1.9, so as to de 
pend on the position of adjustment of the pump. The 
adjustable throttle valves 29, 30 are connected in paral 
lel with the adjustable throttle valves 23, 24 and,- like 
them, affect the output adjustment of the hydraulic 
pump, as described already for the pressure-responsive 
adjustable throttle valves 23, 24. As long as the two hy 
draulic pumps 1, 2 operate in their adjustment ranges 
B1 — C1 or B2 — C2 along the performance curve NI 
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or N2, the throttle valves 29, 30, variable according to 
the output delivery, are closed. 
For example, if the pump 2 reaches the point C2, i.e. 

its maximum pressure, and if less and less output is 
taken up by the working circuit 4, then the pressure 
regulating valve 28 (replacing the overpressure valve 
22) will respond, and will connect the working circuit 
4 with the adjusting piston of the servo-motor 6, where 
upon the hydraulic pump 2 adjusted to reduce its deliv 
ery. This causes the crosshead 20 and the throttle valve 
link 32, to open the adjustable throttle valve 30. The 
effect of this on the output adjustment of the pump 1, 
as described with reference to FIG. 1, is that the perfor 
mance curve is shifted from the curve N1 towards the 
curve N1’, so that the pump 1 can now operate at a 
‘higher output in such a way that the entire drive output 
is again utilized by the two pumps. 
For constructional and economic reasons it is advis 

able to unite the function of the adjusting throttle 
valves 17 or 18 with the function of the throttle valves 
24 or 23. For this purpose the throttle valves 23 or 24 
may be so designed that their closure by the adjusting 
pistons 25 and 26 is adjustably limited; thus, they may 
be closed up to only a preset degree, when points B2 
or B1 are reached. 

By connecting in parallel further throttle valves (not 
shown) with the throttle valves 17, 18, 23, 24, 30 or 31, 
it is possible without further difficulty to affect addi 
tionally the setting and/or the adjustment 'of the power 
control device, and thus to include in the power control 
further parameters, e.g. the power take-up of addi 
tional units, which are also driven by the common driv 
ing apparatus. 
The concept of the invention may also be applied to 

more than two hydraulic pumps, when the pumps are, 
as regards power control, suitably considered pairwise, 
to carry out in connection with other pumps or pairs of 
pumps a control according to the invention. 
To those skilled in the art to which this invention re 

lates, many changes in construction and widely differ 
ing embodiments and applications of the invention will 
suggest themselves without departing from the spirit 
and scope of the invention. The disclosures and the de 
scription herein are purely illustrative and are not in 
tended to be in any sense limiting. 

I claim: 

1. A power control apparatus for two or more adjust 
able hydraulic pumps, driven by a common driving 
means and each having its own power regulator, includ 
ing a power control device for each pump for continu 
ously adjusting the regulator to maintain a desired 
power value of the associated pump, and a pressure re 
sponsive device in ?uid communication with and re 
sponsive to the delivery pressure of the companion 
pump and arranged to adjust the power of its own asso 
ciated pump according to the said delivery pressure of 
the companion pump, and wherein the power control 
device of each pump comprises a pilot valve acted on 
by a spring, the force of which depends on the delivery 
?ow adjustment of its associated pump, said pilot valve 
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6 
having a piston surface in ?uid communication with 
and acted on by a control pressure depending upon the 
delivery pressure of its associated pump, the power 
control device of each pump also comprises two re 
stricted ori?ces connected in series and in ?uid com 
munication with the output of its associated pump, and 
wherein said control pressure is derived from a point 
between the two restricted orifices connected in series 
whilst the pressure responsive device comprises a throt 
tle valve adjustable in accordance with the delivery 
pressure of the companion pump and connected in par 
allel with one of the restricted ori?ces. 

2. A power control apparatus for two or more adjust 
able hydraulic pumps, driven by a common driving 
means and each having its own power regulator includ 
ing a power control device for each pump for continu 
ously adjusting the regulator to maintain a desired 
power value of the associated pump, and a pressure re 
sponsive device in fluid communication with and re 
sponsive to the delivery pressure of the companion 
pump and arranged to adjust the power of its own asso 
ciated pump according to the said delivery pressure of 
the companion pump, a device limiting the maximum 
delivery pressure of each pump, and wherein-the power 
control device for each pump also has a delivery ?ow 
responsive device responsive to the delivery ?ow of the 
companion pump and arranged to adjust the power or 
its own pump according to the said delivery ?ow, and 
wherein the power control device of each pump com 
prises a pilot valve acted on by a spring,.the force of 
which depends on the delivery ?ow adjustment of its 
associated pump, said pilot valve having a piston sur 
face in ?uid communication with and acted on by a 
control pressure depending upon the delivery pressure 
of its associated pump, the power control device of 
each pump also comprises two restricted orifices con 
nected in series and in ?uid communication with the 
output of its associated pump, and wherein said control 
pressure is derived from a point between the two re 
stricted orifices connected in series whilst the pressure 
responsive device comprises a throttle valve adjustable 
in accordance with the delivery pressure of the com 
panion pump and connected in parallel with one of the 
restricted orifices and wherein the delivery ?ow mea 
suring device comprises a throttle- valve adjustable in 
accordance with the delivery ?ow of the companion 
pump and also connected in parallel with the restricted 
ori?ce and the pressure responsive throttle valve. 

3. Control apparatus according to claim 1, in which 
an adjustable throttle valve constitutes said one of the 
restricted ori?ces. 

4. Control apparatus as claimed in claim 2, in which 
the pressure-responsive throttle valve closes as the de 
livery pressure of the companion pump increases, and 
the ?ow-responsive throttle valve opens as the ?ow of 
the companion pump decreases, and the arrangement 
is such that in the regulation range of the power control 
device the two throttle valves are closed, or offer a 
maximum restriction. 

* * * * * 


