
Feb. 27, 1968 ' D. R. VAUGHAN 3,370,423 

VARIABLE FLOW HYDRAULIC SYSTEM WITH RESERVE FLUID EDUCTOR 

Filed May 2'7, 1966 

IO 
'6 . l2 

i /|4 Sl8 J 
LOAD 

PUMP FILTER \ 2O 
___ EDUCTOR 

Y T > 28 

22 24 32] ~34 

TANK 3O 46 
26-’ 

F IG_1 

36’ 
42 40 

A __z;1*i v 1‘ A -\ I \ 

38 32 

A’ . FIG_2 

INVENTOR. 

DONALD R. VAUGHAN 
BY 

ATTORNEYS 



United States Fate?t 
1 

3,370,423 
VARIABLE FLOW HYDRAULIC SYSTEM WHTH 

RESERVE FLUID EDUQTOR 
Donald R. Vaughan, Woodland, Calii‘., assignor to Wood 

land Manufacturing Company, Woodland, California 
Filed May 27, 1966, Ser. No. 553,331 

12 Claims. (Cl. 60-52) 

This invention relates to improvements in hydraulic 
systems, and more particularly, to hydraulic circuitry 
utilizing a hydraulic pump. 
The present invention resides in the provision of im 

proved ?uid supply apparatus for the inlet or suction 
side of a hydraulic pump to prevent its inlet ?uid pres 
sure from decreasing beyond a lower limit. Below such 
limit, the e?iciency of the pump begins to decrease. Also, 
structural damage may occur from excessive component 
vibrations caused by opposed positive and negative pres 
sures on such components. This invention permits addi 
tional hydraulic ?uid to be directed into the pump inlet 
as the inlet ?uid pressure starts to decrease. Thus, the 
aforesaid lower limit is not reached. The invention is 
suitable for use with a constant ?ow pump as well as 
a variable ?ow pump. 
To accomplish this end, the return ?ow conduit cou 

pled to the inlet of the pump is tapped upstream of this 
inlet to allow a certain portion of the return ?uid ?ow 
to be diverted into a closed tank containing a supply of 
the ?uid. A suction device coupled to the tank and dis 
posed in the return conduit downstream of the tap is re 
sponsive to the inlet ?uid pressure of the pump to draw 
make-up ?uid out of the tank and into the ?uid moving 
toward the pump inlet. Thus, as the ?uid demand placed 
on the pump by the external circuit increases, the inlet 
pressure of the pump tends to decrease to, in turn, cause 
the suction device to draw a proportionately greater 
volume of ?uid out of the tank and into the return ?ow 
to the pump. Conversely, as the ?uid demand of the pump 
decreases, a smaller volume is drawn out of the tank 
and into the ?uid line of the return ?ow conduit. The 
?uid ?ow into the tank from the tap increases and de 
creases proportionately in accordance with the ?uid ?ow 
increase and decrease out of the tank. This tapped ?ow 
thus maintains the tank at essentially constant volume 
within the operating range of the pump. This invention is, 
therefore, highly sensitive to variations in the ?uid de 
mand of the external circuit due to changing load con 
ditions and assures that the pump will immediately pro 
vide the ?uid necessary to sustain the system in operation 
notwithstanding sudden changes in this demand. 

In the past, fluid volume changes in an external hy 
draulic circuit have been provided for by a precharge 
pump coupled with the main pump to direct a constant 
volume of hydraulic ?uid to the inlet side of the pump 
regardless of the demand. Any excess ?ow out of the 
main pump is diverted back to the precharge pump be 
fore the ?uid ?ow passes into the load of the circuit. Since 
the precharge pump is restricted to the constant volume 
of ?uid which it pumps, its use is limited because it 
cannot provide for ?uid demands above this constant 
volume. To increase the capacity of the precharge pump 
might cause excessive ?uid to be delivered to the main 
pump, resulting in increased power required to operate 
the same. The precharge pump also requires an external 
power source. Thus, equipment costs could be quite high 
and, since a precharge pump has moving parts, main 
tenance always remains a problem. 
Another problem in a hydraulic system is the ?ltering 

action that must be relied upon to maintain the hydraulic 
fluid substantially free of impurities as it passes through 
the main pump. In most systems, it is necessary to drive 
the ?uid through a ?lter in order to prevent the inlet pres— 
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sure mentioned above from decreasing to the danger limit. 
To permit the use of precharge pumps of small capacity 
for this purpose, the e?ective area of this ?lter must be 
relatively large. 
The present invention avoids the problems mentioned 

above by providing a reserve ?uid supply operated in re 
sponse to changes in the inlet ?uid pressure of the main 
pump. In this way, a greater or lesser amount of ?uid 
can be added to the return ?ow to the pump according 
to the ?uid demand of the external circuit connected to 
the pump. The supply is thus able to meet the required 
demands of the main pump such that, as these demands 
increase and decrease, the ?ow from the tank toward 
the pump inlet also increases and decreases proportion 
ately. 
The suction device used in the present invention has 

no moving parts inasmuch as it operates on the Bernoulli 
principle. Thus, it requires substantially no maintenance. 
Fatigue and wear problems are of no consequence. Hence, 
it has an inde?nite operating life. 
The invention is highly e?cient when the ?uid demand 

of the main pump is high Whereas a conventional pre 
charge pump, because of its ?xed volume output, has 
a low e?iciency at high volume demands. Moreover, the 
e?iciency of the precharge pump progressively decreases 
as the volume demands increase. The present invention, 
however, becomes more e?icient as the demand increases 
since greater suction action of the suction device more 
readily draws ?uid trom the supply tank and into the re 
turn ?ow to the pump inlet. 
The size of the ?lter required for use with the present 

invention can be smaller than the ?lter size required for 
a conventional precharge pump. This is because instead 
of the constant volume of ?uid delivered by a conventional 
precharge pump the suction device will deliver a variable 
volume of ?uid depending on the demand from the main 
pump. Since the device is sensitive to the full range of 
maximum to minimum demands of the main pump, the 
average volume of ?uid there will be substantially smaller 
than the volume of the constant ?ow delivered by a con 
ventional precharge pump. Hence, the size of the ?lter 
can also be smaller. 
The present invention also avoids ?uid losses due to 

system leakage. There is always a certain amount of leak 
age occurring in system components operated under pres 
sure. Such leakage ?uid can readily be recovered by col 
lecting it and returning it to the supply tank. 

It is, therefore, the primary object of this invention 
to provide improved ?uid supply apparatus for use with 
a hydraulic pump as a reserve source of ?uid operated 
by the pump itself so that a su?icient amount of ?uid 
will always be available for delivery to the pump inlet 
to meet the ?uid demands placed on the pump outlet by 
the external hydraulic circuit connected thereto. 
A further object of the present invention is the pro 

vision of ?uid supply apparatus of the type described 
which is responsive to the inlet ?uid pressure or" the pump 
so that a decrease or increase of this pressure will im 
mediately cause the apparatus to provide ‘a proportionate 
increase or decrease respectively, in the ?uid supplied to 
the pump inlet. 

Another object of the invention is to provide apparatus 
of the type described which has no moving parts by virtue 
of its reliance only on the ?ow of ?uid, so that it requires 
substantially no maintenance and has a relatively long 
operating life. 
Another object of the present invention is to provide 

?uid supply apparatus for a hydraulic pump of either 
the variable ?ow type or constant ?ow type wherein the 
apparatus is responsive only to the inlet ?uid pressure of 
the pump so that a relatively small ?uid ?lter can be em 
ployed. 



3,370,423 
In the drawings: 
MG. 1 is a schematic view of a hydraulic system using 

the structure of the invention; and 
FIG. 2 is a cross sectional view of the suction device 

forming a part of the invention. ' 
To illustrate the invention, it is shown in FIG. 1 with 

a hydraulic circuit 16 having a ?uid-actuated load‘ 12 
coupled by a conduit 18 to the ?uid outlet 14 of a hy 
draulic pump 16. A conduit 2% extends from load 12 to 
the ?uid inlet 22 or" pump 16 to complete the circuit. A 
?lter 24 is disposed across the return ?uid ?ow through 
conduit 29 to assure the removal of impurities from the 
hydraulic ?uid before it ?ows into pump 16. 
The reserve ?uid supply apparatus includes a fluid tank 

26 in ?uid communication with conduit 24} at location 28 
thereon by a conduit 3%}. Tank 26 is aiso coupled by ?uid 
passage means to conduit 29 between ?lter 24 and loca 
tion 28. Such ?uid passage means includes a suction de 
vice 32 connected across conduit 2t) and a conduit 34 
interconnecting tank 26 and device 32, the latter prefer 
ably havhig the con?guration shown in FIG. 2. 

Device 32 can be of any construction but, for pur 
poses or” illustrating the invention, is comprised of a tube 
36 having an internally threaded side opening 33 for 
,threadably receiving conduit 34. The ends of tube 36 are 
threaded to threadably receive, respectively, a pair of 
?ttings 40 and 42. 

Since device 32 is positioned across the ?uid ?ow path 
through conduit 2%}, this conduit is divided into two sec-. 
tions, the section upstream of device 32 being removably 
coupled to ?tting 4t} and the downstream section being 
removably coupled to ?tting 42. Filter 24 is coupled 
across the downstream section in order to be between the 
pump and device 32. 

Fitting 40 provides a fixed ori?ce for device 32 and has 
an innermost portion 44 located with respect to the proxi 
mal end of conduit 34 to educe a ?ow through this con 
duit from tank 26. Thus, device 32 comprises an eductor 
which operates on the Bernoulli principle to create an 
area of reduced ?uid pressure at the proximal end of 
conduit 34. 

Conduit 3%} is provided with a restriction to limit the 
?ow therethrough. In a preferred form, this restriction 
comprises a check valve 46 responsive to ?uid pressure, 
such as a ball valve member biased against a valve seat 
by a suitable spring. Check valve 46 thus provides a 
variable ori?ce for conduit 39, the ori?ce size being de 
pendent upon the ?uid pressure in conduit 29 adjacent to 
location 28. 

Valve 46 is preferably of the type which remains closed 
until a predetermined ?uid pressure is developed in con 
duit 2t} upstream of device 33. After this pressure is 
reached, valve 46 will open and its ori?ce will progres 
sively be greater as ?uid ?ow out of load 12 increases. 
Thus, this predetermined pressure is maintained in con 
duit 2% at least vbetween location 23 and portion 44. 

While valve 46 is closed and as the pressure builds up 
in conduit 20, the velocity of the ?uid issuing from por 
tion 44 within device 32 will increase and thereby pro 
gressively decrease the ?uid pressure 'on the upper end 
of conduit 34. This will cause additional ?uid to be drawn 
out of tank 26 and into the return ?ow moving out of 
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device 32. The ?uid drawn out of tank 26 will generally . 
be replenished by leakage ?uid of the system directed by 
gravity or other means into the tank. 

After valve 46 has opened, it will direct a certain 
amount of ?uid into the tank depending upon its ori?ce 
size. The constant pressure in conduit 20 will provide for 
a constant velocity of ?uid issuing from portion 44. Thus, 
the suction action from the ?uid flow through ?tting 46 
will remain the same. However, the suction action at 
pump inlet 22 will be sensed by the upper end 'of con 
duit 34 so that additional ?uid will be supplied to the re 
turn ?ow. In this way, not only will the ?uid pressure in 
conduit 2% remain constant but also the ?uid demand at 
pump inlet 22 will be supplied. 
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1% 
in operation, tank 26 is initially provided with a supply 

of hydraulic ?uid and conduit 34 extends into this ?uid 1 
supply to assure ?uid ?ow iuto device 32 in response to' 
the reduced pressure therewithin. The top of the tank is 
open to the atmosphere. Pump 16 is actuated in the usual 
lrnkauner, such as by the use of an electric motor or the 
1'6. 

As pump 16 operates, it pumps hydraulic ?uid through 
conduit 18 to load 12, following which the ?uid passes 
out of the load, through conduit 29 and is returned to in 
let 22. At location 28, the ?uid ?ow divides only it the 
?uid pressure is great enough to open valve 46. Whenthis 
occurs, a portion of the ?uid ?ows into conduit 39 While 
the remainder continues on through conduit 2%. The por 
tion ?owing through conduit 30 will pass check valve 46 
and continue on until it is received in tank 26. 
The ?uid ?ow axially through device 32 causes ?uid 

from tank 26 to be drawn into the device so as to com 
bine with the axial ?ow thereof. Leakage ?uid of the sys 
tem will be directed into tank 26 and this ?uid will gen 
erally be su?icient to replenish the ?uid drawn out of the 
tank by device 32 so long as valve 46 remains closed. ' 
As the volume demand of load 12 increases, the ?uid 

pressure at the inlet 22 of pump 16 will decrease and 
this decrease will be sensed at device 32. This decreased 
inlet pressure will tend to draw an increased volume of 
?uid through device 32. However, the ?xed ori?ce de 
?ned by ?tting 49 presents a restriction limiting the vol 
ume ratejof ?uid therethrough. As the ?uid demand in‘ 
creases, the pressure on the upstream side of ?tting 40 
will also increase to the pressure determined by check 
valve 46. The velocity of the ?uid through ?tting 49 will 
thereby increase, to create a greater reduced pressure at 
the upper end of conduit 34 until this pressure is reached. 
A greater amount of ?uid will be drawn out of tank 26 
and added tothe return ?uid ?ow to pump 16. 

After the predetermined pressure is reached, further 
?uid demand by pump inlet 22 will be sensed ‘by the upper 
end of conduit 34 and additional ?uid will be drawn out 
of tank 26. The pump is thus provided with the neces 
sary ?uid so that its inlet pressure wil lnot drop to a nega 
tive value. The ef?ciency of the pump is thus maintained 
and the possibility of structural damage of the pump com 
ponents caused by negative inlet pressures is substantially 
eliminated. ' 

Filter 24 is matched in size to the maximum volume of 
pump 16 and is disposed to effectively remove impurities 
from the ?uid in the return ?ow. 

If the ?uid demand of load 12 decreases, the inlet pres 
sure of pump16 increases and this increase is sensed by 
device 32. The ?uid ?owing axially through device 32 . 
is then decreased in velocity so that there is less suction 
on the upper end of conduit 34. Thus, less ?uid will be 
drawn out of the tank and into device 32 and the ?uid 
pressure at the ?xed ori?ce de?ned by ?tting 40 will de 
crease, thus decreasing the ?uid ?ow into the tank through 
conduit 30. 
As described above, the invention provides a reserve 

?uid supply unit to permit pump 16 to operate e?icieutly 
over a wide range of volume rates of ?ow. Since the struc 
ture of the invention utilizes no moving parts substantially . 
no maintenance is required. 
For a maximum volume output of a particular pump i 

16, ?tting 40 and check valve 46 are selected to assure a 
predetermined minimum pressure at the pump, inlet. If it 
is desired to change pumps to obtain a different maximum_ 
output, ?tting 40 can be replaced in accordance with the 
desired minimum inlet pressure of the replacement pump. 
In this way, the invention is suitable for use with pumps 
of different capacities. If the pump is replaced by one 
with a different capacity, the remm'ning components of cir 
cuit 10 need not be replaced. It is only necessary to replace 
?tting 40. 
The present invention provides a simple and rugged 

means of pressurizing the inlet of a variable ?ow or con 
stant ?ow hydraulic pump to avoid the problems caused 
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by the presence of negative inlet pressures. The invention 
also provides a means of driving ?uid through a relatively 
small ?lter to assure ?ltered ?uid for the main pump. It 
eliminates booster pump circuits while meeting all de 
mands of the main pump due to changing load conditions 
of the hydraulic system of which the pump forms a part. 

V/hile one emobdiment of this invention has been shown 
and described, it will be apparent that other adaptations 
and modi?cations can be made without departing from 
the true spirit and scope of the invention. 
What is claimed is: 
1. In a hydraulic ?uid flow system: a hydraulic pump 

having a ?uid inlet; a ?rst conduit coupled to said inlet 
and extending outwardly from said pump for directing a 
return ?ow of hydraulic ?uid thereto; a tank adapted to 
contain a supply of said ?uid; a second conduit placing 
said tank in ?uid communication with said ?rst conduit 
at a location thereon spaced from said inlet, whereby a 
portion of said return ?ow will be directed into and re 
tained within said tank; and ?uid passage means inter 
connecting said tank and said ?rst conduit at a second 
location on the latier between the pump and said ?rst lo 
cation and being disposed for drawing said ?uid into said 
?rst conduit from said tank in response to the ?uid pres 
sure at said inlet, whereby variations in the volume rate 
of ?ow of said fluid to said inlet can be e?ected to 
permit said pump to satisfy changing load conditions of 
said system. 

2. In a hydraulic system as set forth in claim 1, wherein 
said ?uid passage means includes a suction device respon 
sive to the ?uid ?ow through said ?rst conduit. 

3. in a hydraulic system as set forth in claim 1, wherein 
said ?rst conduit has a ?xed ori?ce adjacent to said ?uid 
passage means, said second conduit having an ori?ce for 
restricting the ?uid ?ow therethrough. 

4. In a hydraulic system as set forth claim 1, where 
in said ?uid passage means includes a suction device dis 
posed across the path of ?uid ?ow through said ?rst con 
duit, the latter having a ?xed ori?ce at its junction with 
said device, said second conduit having a variable ori?ce 
responsive to the ?uid pressure in said ?rst conduit 
adjacent to said ?rst location. 

5. In a hydraulic system as set forth in claim 1, where 
in said ?uid passage means includes a tubular suction 
device having an inlet, and including structure de?ning a 
?xed ori?ce removably coupled to said device at said 
inlet, said ?rst conduit having an extremity releasably con 
nected to said structure, whereby said structure can be re 
placed it the operating range of the pump is to be changed. 

6. In a hydraulic system as set forth in claim 1, wherein 
is provided a ?uid ?lter across the path of said ?uid ?ow 
through said ?rst conduit between said pump and said 
second location. 

7. In a hydraulic system as set forth in claim 1, wherein 
said ?uid passage means includes a suction device dis 
posed across the path of ?uid ?ow through said ?rst con 
duit and a third conduit interconnecting said device and 
said tank, said device being responsive to the ?uid ?ow 
through said ?rst conduit to draw ?uid out of said tank, 
through said third conduit, and into said ?rst conduit. 

8. In a hydraulic ?uid flow system: a hydraulic pump 
having a ?uid inlet and a ?uid outlet; a ?rst ?uid conduit 
coupled to said inlet and extending ‘outwardly from the 
pump for directing a return ?ow of hydraulic ?uid there 
to; a tank having a supply of said ?uid therewithin; a 
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second ?uid conduit connected to said tank and said ?rst 
conduit at a location on the latter in spaced relationship 
to said inlet, said second conduit being disposed to direct 
a portion of said return ?ow into said tank as the re 
mainder ?ows through said ?rst conduit; means de?ning 
a ?uid ?ow restriction in said second conduit; a suction 
device having a pair of ?uid inlet ports and a ?uid outlet 
port, said ?rst conduit having a ?rst section coupled to 
one of said inlet ports and a second section coupled to 
said outlet port and to the inlet of said pump, whereby 
said device is disposed across the ?uid ?ow path of said 
?rst conduit, the junction of said one inlet port and said 
one section de?ning a ?xed ori?ce; and a third conduit 
placing said tank in ?uid communication with the other 
inlet port of said device, whereby variations in the vol 
ume rate of ?ow of said ?uid to said pump inlet can be 
effected to permit the pump to satisfy changing load con 
ditions of said system. 

9. A closed hydraulic ?uid ?ow system comprising: a 
hydraulic pump having a ?uid input and a ?uid output; a 
?uid actuated device coupled to the output of said pump 
and de?ning a load responsive to the ?ow of hydraulic 
?uid under pressure outwardly of the pump; a ?rst con 
duit connecting the device to said input of the pump to 
permit a return ?ow of said ?uid to said pump; a tank 
adapted to contain a supply of said ?uid; a second con 
duit placing said tank in ?uid communication with said 
?rst conduit at a location thereon spaced from said inlet, 
whereby a portion of said return flow will be directed into 
and retained within said tank; and ?uid passage means in 
terconnecting said tank and said ?rst conduit at a second 
location on the latter between the pump and said ?rst lo 
cation and being disposed for drawing said ?uid into said 
?rst conduit from said tank in response to the ?uid pres 
sure at said inlet, whereby variations in the volume rate 
to ?ow of said ?uid to said inlet can be e?’ected to permit 
said pump to satisfy changing ?uid ?ow requirements of 
said device. 

it}. A closed hydraulic ?uid flow system as set forth in 
claim 9, wherein said ?uid passage means comprises a 
suction device disposed across the ?uid ?ow path de?ned 
by said ?rst conduit, there being a ?xed ?uid-receiving 
ori?ce on the upstream side of said device, said second 
conduit having variable ori?ce means responsive to the 
?uid pressure adjacent to said ?xed ori?ce for metering 
the ?ow of said ?uid to said tank. 

11. A closed hydraulic ?uid ?ow system as set forth 
in claim 9, wherein said ?uid passage means comprises 
a suction device having a ?uid inlet portion coupled to 
said ?rst conduit and being responsive to the ?uid flow 
therethrough, and wherein is included structure remov 
ably coupled to said device for de?ning a ?xed ori?ce at 
said inlet port. 

12. A closed hydraulic ?uid flow system as set forth 
in claim 9, wherein is provided a ?uid ?lter across the 
path of ?uid ?ow through said ?rst conduit between said 
pump and said second location. 
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