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This invention relates to improvements in power plants 
and more particularly to improvements in power plants 
of the multiple motor type having a pair of fluid pressure 
operated motors, which are to be operated simultaneously 
at equal speeds. The invention is adapted for use in cut 
ting apparatus having a cross member arranged to be 
moved downward by motors attached at laterally spaced 
points on the cross member. However, there are many 
other circumstances where it is desirable to maintain equal 
speeds of movement of such motors. A common expedi 
ent for operating two fluid pressure operated motors at 
approximately equal speeds is to supply each motor in 
dependently from one of two similar pumps of the so 
called positive displacement type, suitably rotary pumps 
of the gear or sliding vane type which pumps are driven 
at the same speed as by connection to a common prime 
mover. This expedient works quite well as long as the 
two motors are loaded equally. However, if one motor 
is more lightly loaded than the other, it will tend to oper 
ate faster than the other motor because of the greater 
volumetric efficiency of the pump operating at the lower 
pressure. 

Positive displacement pumps include such rotary pumps 
and reciprocating or piston pumps. Volumetric efficiency 
is defined for reciprocating pumps as 

where Q is the actual volume of liquid discharged and 
Ot--O is the true piston or plunger displacement. Q, 
includes all losses of capacity due to leakage past piston 
packing, stuffing boxes, and valves, and also that loss due 
to delayed closing of valves. All losses of capacity given 
in percentage of the displacement are referred to as slip 
(=1-ey). In new pumps the slip is of the order of 2%. 
Volumetric efficiency may be correspondingly defined for 
rotary pumps. (See Kent's Mechanical Engineers' Hand 
book, Twelfth Edition, Power Volume, Section 5, pages 
72, 76 and 77.) At pages 5-76 of Kent it is stated: 
"Rotary pumps comprise an exceedingly great variety of 
types (the number of patents run into thousands), all of 
which have several common characteristics. They are of 
the positive displacement type without valves and, except 
for leakage, can deliver a constant capacity against vari 
able pressure.' 

It is with this exception that the invention is concerned. 
Manufacturers commonly rate rotary pumps by stating 
the volume of fluid delivered per minute at a given rip.m. 
at a nominal pressure which may be 0 or 100 p.s.i. How 
ever, the manufacturers supply further data of capacity 
versus pressure. For example, a typical rotary pump of 
the sliding vane type is shown to provide at 1200 r.p.m. 
11.2 gals, per minute at 0 p.s. i., 10.9 gals. per minute at 
500 p.s. i. and 9.2 gals. per minute at 1500 p.si. The 
volumetric efficiency of this pump, although it is of the 
positive displacement type, drops 15.6% between 500 
p.s. i. and 1500 p.si. and 18% between 0 p.si... and 1500 
p.s. i. Accordingly, it will be seen that a heavily loaded 
motor of a two motor-two pump system can fall sub 
stantially behind the other motor. 

In order to overcome such disparity of movement of 
two motors in a two-pump system, it has been proposed 
to provide means for sensing movement of one motor 
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with respect to the other, and valve means controlled by 
the sensing means for bleeding fluid from the leading 
motor. Such an expedient introduces considerable me 
chanical complication and is subject to large inaccuracies 
due to wear. 

Accordingly, it is an object of the present invention to 
provide in a power plant comprising two fluid pressure 
operated motors each individually supplied by one of two 
positive displacement pumps operated as substantially 
equal true displacement, of means for substantially 
equalizing the movements of the two motors under con 
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ditions of unequal loading thereof. 
To this end and in accordance with a feature of the 

invention, a power plant system is provided comprising a 
pair of fluid pressure operated motors, a corresponding 
pair of positive-displacement pumps of similar type and 
rated capacity, means for operating said pumps at sub 
stantially equal displacement speeds, and means connect 
ing each pump to one of said motors for directing fluid 
thereto under pressure, said connecting means comprising 
a fluid pressure piloted throttle valve, piloting means con 
nected to the output of the pump supplying said valve 
for urging said valve open with a force proportional to 
the pump delivery pressure and second piloting means 
connected to the opposite motor for urging the valve to 
ward its closed position with a force proportional to the 
pressure in the opposite motor. 
- Other objects and advantages of the present invention 
will best be understood from the following description 
taken in connection with the accompanying drawings, in 
which: 

FIG. 1 is a schematic diagram of apparatus embodying 
the present invention; 

FIG. 2 is a section of a valve employed in the schematic 
of FIG. 1; and 

FIG. 3 is a section of the valve shown in FIG. 2 with 
its valve spool in a different position. 

Referring to FIG. 1, the illustrative apparatus com 
prises a pair of fluid pressure operated motors 8, 12, 
each comprising a piston 4 and a cylinder 16 which are 
relatively movable. For purposes of illustration the piston 
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14 is shown as fixed but it will be understood that either 
element of the motor may be fixed with relation to the 
other. 

For supplying fluid under pressure to the motors 10 and 
12, the fluid is drawn from a sump 20 through an intake 
line 22 by two positive displacement type rotary pumps 
24 and 26. These pumps are arranged to be driven at 
equal displacement speeds, suitably by the connection of 
each pump to one end of a common motor shaft of a 
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motor M. - The pump 24 is connected to the motor 10 
through a delivery line 30, a piloted throttle valve 32 and 
a feed line 34. Referring to FIG. 2, the valve 32 has a 
valve spool 40 piloted at each end through pilot passages 
42 and 44. When the pressures in the passages 42 and 44 
are equal, a bias spring 46 urges the spool 40 into the posi 
tion illustrated in FIG. 2 wherein it closes communication 
between a delivery passage 48 and a feed passage 50. The 
valve 32 has its delivery passage 48 connected to the line 
30, its feed passage 50 connected to the line 34, and its 
pilot passage 42 connected through a pilot line 52 to a two 
position two-way solenoid valve .54. The valve 54 op 
erates when its solenoid is de-energized to exhaust the pilot 
line 52 to the sump 20 and when its solenoid is energized 
to connect the pilot line 52 through a damping restrictor 
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check 56 to the delivery line 30. w 
In similar fashion, the pump 26 is connected to the 

motor 12 through a delivery line 60, a piloted throttle 
valve 62 and a feed line 64. The valve 62 which is similar 
to the valve 32 has its delivery passage 48 connected to 
the line 60, its feed passage 50 connected to the line 64 
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and its pilot passage 42 connected through a pilot line 72 
to a two position two-way solenoid valve 74, which op 
erates when de-energized to exhaust fluid from the pilot 
line 72 to the sump 20 and when its solenoid is energized 
to connect the pilot line 72 through a damping restrictor 
check 76 to the delivery line 69. The pilot passage 44 of 
the valve 32 is connected through a pilot line 8) to the 
feed line 64 of the motor 12 to admit fluid therefrom to 
the passage 44. Likewise, the passage 44 of the valve 62 
is connected through a pilot line 82 to the feed line 34 of 
the motor 18 to admit fluid therefrom to the piloting pas 
Sage 44 of the valve 62. A relief valve 84 is connected 
to the delivery line 33 and a relief valve 36 is connected 
to the delivery line 68. For purposes of the present dis 
closure it may be assumed that the relief valves 84 and 85 
are set to operate at a pressure above the normal working 
preSSure of the motors EiB and E2. Movement of the motor 
is is terminated upon de-energization of the solenoid valve 
54. Means for returning the motor 9 to its original posi 
tion may comprise a source of air under pressure, suitably 
an accumulator 93 connected to the cylinder 16 by a con 
duit 92, the air being supplied to the accumulator by a 
Compressor (not shown) through a check valve 94 which 
will take effect upon the motor 19 upon the energization 
of a Sclenoid valve $5 for exhausting the pressure fluid 
from the cylinder 6 through an exhaust line 98 to the 
Sump 29. A corresponding scienoid valve 199 is pro 
vided for the motor 12 for returning it by air pressure. 

Operation 
Assuming that the motor M is running and that the 

pumps 24 and 25 are delivering fluid under relief pressure 
to the lines 39 and 60, if the solenoid of the valve 54 is 
energized, pressure fluid will be admitted from the delivery 
line 33 to the pilot line 52 thereby moving the spool. 40 
of the valve 32 into its open position admitting fluid from 
the line 30 to the line 34. The spool 40 will be so posi 
tioned, however, only while the pressure in the line 30 is 
greater than the pressure in the line 80 by the relatively 
Small amount required to overcome the bias of the spring 
46. Suitably the bias pressure may be, for example, about 
25 p.s. i. When the valve 32 is open to its fullest extent 
as shown in FEG. 3, the pressure in the line 30 will tend 
to fall to substantially equal the pressure in the line 34. 
However, since the pressure in the line 80 is substantially 
equal to the pressure in the motor 2, if the working pres 
sure of the motor 2 plus the bias pressure is greater than 
that of the motor 10, the spool of the valve 32 will shortly 
be moved toward its closed position until the pressure in 
the delivery line 30 has risen sufficientiy to bring about a 
balance of the piloting forces. In the same manner, the 
valve 62 will be closed down if the pressure in the line 82 
plus the valve bias pressure exceeds the pressure in the 
line 69. 
Thus where both solenoid valves 54 and 74 are ener 

gized simultaneously for operating the motors it and 12 
together, it will be seen that apart from friction losses the 
back pressure on either pump is equal to the pressure in 
the motor supplied by the pump, or the pressure in the 
opposite motor plus the bias pressure, whichever is great 
er, and the back pressures on the pumps are equalized to 
within the bias pressure. Obviously, valve bias to insure 
valve closure is not needed when adequate motor pressure 
is maintained, as by means of the illustrative accumulator 
90. 

Accordingly, it will be seen that the pumps 24 and 
26 will be operating at substantially equal delivery pres 
sures even where the loading of the motors 10 and 12 is 
greatly mismatched. 
The degree to which the pumps 24 and 26 should be 

matched will depend upon how closely the speeds of the 
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motors 0 and 12 are to be matched. The pumps should 
be selected to give at their driven r.p.m. substantially 
equal volumes of fluid at the different working pressures 
within the tolerances prescribed by the desired results. 
Suitably the pumps will be driven by one motor, although 
if they are driven by separate induction motors the dif 
ference in their r.p.m. within the rated capacity of the 
electric motors will be less than three tenths of one per 
cent. To give a quantitative idea of pump matching prob 
lems and conditions, I have estimated that vane pumps 
operated at maximum pressure have slippage in the range 
of about 8 to about 18 percent, and that a random pair of 
pumps of the same type of a given manufacturer's produc 
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tion run would have a worst case delivery mismatch of 
about 3 to 4% when operated at a given speed and pres 
Sure. If closer matching is needed, the pumps can be 
ordered from the manufacturer on the basis of specifica 
tions calling for the pumps to be provided in pairs matched 
as needed in volumetric efficiency and capacity at given 
pressures, for example, at 500 and 1500 p.s.i. 

Having thus described my invention, what claim as 
new and desire to secure by Letters Patent of the United 
States is: 

1. In a power plant comprising a pair of hydraulic 
motors adapted to act simultaneously, a pump for each 
of Said motors having inlet and outlet passages with the 
inlet passage connected to a fluid reservoir, a pair of 
throttle valves each controlling the supply of pressure fluid 
from a pump to a motor and having a valve element mov 
able between an open position in which pressure fluid is 
Supplied to the motor and a closed position in which the 
Supply of fluid is prevented, a pair of delivery lines for 
supplying fluid from each pump outlet, and means for op 
erating the valve element of each throttle valve connected 
for response to the pressure of the fluid in the delivery 
passage of the valve and the pressure of the fluid in the 
opposite hydraulic motor for urging the valve element to 
ward its closed position in accordance with the fluid pres 
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Sure in the opposite motor and to urge the valve element 
in the opposite direction in accordance with the pressure 
in its delivery passage. - 

2. In a power plant comprising a pair of hydraulic 
motors adapted to act simultaneously, a pair of positive 
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displacement pumps of similar type and capacity having 
inlet and outlet passages with the inlet passages connected 
to a fluid reservoir, means for operating the pumps at sub 
stantially equal cyclic rates, a pair of piloted throttle valves 
having delivery and feed passages and a valve spool mov 
able between an open position in which the delivery and 
feed passages are in communication and a closed position 
in which the delivery and feed passages are closed from 
one another, said waives having pilot passages adjacent op 
posite ends of the valve spool, a pair of delivery lines for 
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Supplying fluid from each pump to the delivery passage 
of a throttle valve, a pair of feed lines connecting the 
feed passage of each throttle valve to a motor, and pilot 
lines connecting the pilot passages of each throttle valve 
to actuate its valve spool into its open position by pressure 
from the delivery line connected to the valve and into its 
closed position by pressure from the opposite hydraulic 
notor. 

3. Apparatus as in claim 2 and additionally comprising 
bias means for urging the valve spool of each valve into 
its closed position when the fluid pressure on opposite ends 
of the valve spool is equal. 
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