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My invention relates to an oil filter system for
hydraulic apparatus and is more specifically con-
gerned with an attachment to be added to stand-
ard or well-known oil circulating systems for con-
trolling heavy equipment, which makes possible
the addition of a standard oil filter.

Tn many heavy road building equipment, earth
moving devices, and agricultural implements,
earth engaging means thereof are manipulated by
hydraulic control systems employing hydraulic
cylinders or rams extended or contracted in re-
sponse to hydraulic pressures imposed thereon.
Such control systems are inherently expensive in
initial cost and have been found to deteriorate
rapidly because of dust, dirt, and other abrasive
material that accumulate in the hydraulic system
and are circulated with the fluid. Much of the
abrasive material has been found to come from
elements of the control systems themselves, such
as metal chips from the ram, valve, pump or other
structure. The extent of the wear in conven-
tional systems in normal operation necessitate a
complete overhaul annually. The repetitious na-
ture of the overhauling and repairing operations
is so great that in many instances the expense
of maintenance of such hydraulic control sys-
tems far overshadows the even considerable ex-
pense of its initial purchase.

It is conventional in hydraulic control sys-
tems to employ a fluid reservoir, a pump, and &
valve in association with one or more rams where-
by fluid pressure generated by the pump may be
selectively imposed on opposite ends of the ram
or rams. When a ram is manipulated, fluid is
bled, from the end of said ram opposite the end
to which fluid pressure is applied, back through
the valve and from the valve to the reservoir. In
order that ths system may at all times be ready
to operate, the pump is run eonstantly. When a
ram is maintained in predetermined position, the
valve seals the ram from the rest of the control
system and fluid from the pump is by-passed
through the valve back to the reservoir, the pump
merely serving to circulate the fluid to the reser-
voir and to remain ready for immediate effect on
the ram in response to valve manipulation. At
stch times, the pump is said to be in stand-by
condition.  When in stand-by condition, the
valve effectively isolates both ends of the ram
from the control system and maintains the ram
in.predetermined position. - It is significant that
during normal operations hydraulic control sys-
tems are maintained in stand-by condition ap-
proximately 95% of the time.

An obvious solution to the problem of main-
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tenance previously -discussed is that of filtering
the fluid to remove all abrasive material there-
from. For many years efforts have been ex-
pended by manufacturers of hydraulic control
systems and others to this end but without sue-
cess. It has been found  impractical to build
filters to withstand the excessive pressures in hy-
draulic control systems and still capable of effec-
tive operation in screening abrasive material
from the hydraulic fluid. The experimentation
in this direction has been so -extensive and the
lack of success so universal, that the manufactur-
ers of hydraulic control systems have generally
reached the conclusion that there is no possible
solution to the problem and that periodic repair
and replacement is unavoidably a concomitant
defect of such systems. The filtering system of
the present invention has succeeded ‘in solving
the problem and has proved itself by extensive
use capable of reducing maintenance expenses al-
most to the point of elimination.

It is an object of the present invention to mini-
mize wear and maintenance expenses incident to
operation of hydraulic control systems.

Another object of my invention is to provide a
fluid filtering system whereby standard oil filters
can be employed in hydraulic control systems
without danger of rupture because of excessive
pressures. : ‘- -

Tt is another object of my invention to provide
a means for by-passing - excessive pressures
around a filter so that it will be impossible for ex-
cessive pressure to be built-up in the filter.

Another object is to provide a filtering sys-
tem for hydraulic control systems in which a
pressure pump, while in stand-by condition, is
employed to circulate fluid in the control system
through the filtering system. :

Another object is to provide, in an hydraulic
control system in which a constantly running
pump imparts circulatory movement to fluid in
the system and a valve is manipulated periodi-
cally to impress part or all of fluid pressure gen-
erated by the pump upon a ram and to by-pass
the fluid not directed to the ram back to the in-
take of the pump under substantially no pressure,
a filtering system receiving said by-passed fluid
and screening dirt, abrasive material, and other
foreign matter therefrom.

Another object is to provide in an hydraulie
control system having a fluid reservoir and a fluid
pump which when in stand-by condition ecircu-
lates fluid from the reservoir, through the pump,
and back to the reservoir, a valve interposed the
pump and the reservoir adapted to resist flow of
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fluid from the pump to the reservoir sufficiently
to divert such flow through a filter, and adapted
to open for passage of fluid directly from the
pump to the reservoir upon the exerting thereon
of a pressure in excess of a predetermined magni-
tude.

It is also among the objects of my invention_to
provide a simple attachment which can be ap-
plied to standard oil pressure systems for operat-
ing heavy equipment which will permit the use
of a filter, thereby prolonging the effective life
of the equipment and reducing the cost of expen-
sive repairs.

Other and further objects and advantages of
my invention will become apparent from the
drawings and the specifications relative thereto.

In the drawings:

Fig. 1 shows a portion of a conventional hy-
draulic control system to which the system of
the present invention has been added.

Fig. 2 is a cross-section taken on line 2—2 of
Fig. 1 of means provided by the present invention
against which fluid pumps employed in hydraulic
control systems build up sufficient pressure for
filtering purposes when the pump is operating
in a stand-by condition.

Fig. 3 is a fragmentary sectional view taken on
line 3—3 of Fig. 2. )

Fig. 4 is a schematic diagram il'ustrating the
‘operation of the svstem of the present invention
in combination with a conventional hydraulic
control svstem.
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" Fie. 5 is a schematic diagram similar to that -

shown in Fig. 4 and illustrating the positioning
of the control valve in by-pnass position and the
resvlting fluid flow through the filtering system
of the present invention.

Fig. 6 is a fragmentarv view of the system
shown in Figs. 4 and 5 illustrating the control
valve jn an intermediate position in which the
partial flow of hvdraulic fluid is directed through
‘the filtering svstem.

Fia. 7 is a schematic diagram illustrating the
fluid flow in a modified form of the present inven-
tion.

In the drawines, Pig. 1 i'lustrates a well-known
hvdraulie svstem which comnrises a flnid reser-
voir tank (08, having an outlet conduit {1 com-
munieatine with a pumn 2. and a pumn dis-
charge conduit 13 communieatine with a direc-
tional valve 14; Condvits 15 and 18 communi-
‘cate with the interior of the valve {4 and also
with an hvdranlie piston or ram. subsesentlv to
he deseribed. fo he onerated bv the Alnid nressure,
Frrther details of the internal connertions will
be~ome anvarent in an exv'anation of Fie. 4. The
tank is nrovided with a filling orenine clnsed by
a can 17 baving a breathine opening 18 there-
through. The ovening permits expsnsion and
contraction of fluid in the tank incident to tem-
‘perature variations and the like and precludes
‘the subiecting of the tank to damaging pressure
variations.

The directional valve 14 is also formed with a
‘mouvnting flange 19 adaoted to mount the valve
to the tank 18. The flange 19 is formed with a
ram bleeding bore 20 and a by-pass bore 21
‘adapted to communicate with the interior of the
valve 18, The significance of bores 20 and 2i
‘will also become apparent in the subsequent dis-
cussion of Fig. 4. '

The parts described up to this point constitute
standard equipment and are no part of the pres-
ent invention. My invention resides in the addi-
tion of a filtering system and of a pressure build-
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4 .
up mechanism, designated generally 30, which
comprises a cylindrical housing 31 defining a
chamber 32, as seen in Fig, 2. The upper portion
of the housing 31 is internally threaded, as at 33,
and a plug or cap 34 is threadedly disposed
therein. The plug 34 is formed with an axial
bore 35 adapted to receive a valve stem 36. The
purpose of the back pressure valve is to provide
a closure against which the pump 12 may build
up small pressures sufficient for filtering purposes
and which opens at predetermined pressures to
avoid all excesive pressures of damaging effect
on a filter subsequently described.

Whereas, I-have herein illustrated the means
for- closing the top of the housing 31 as a plug, :
such as 34, it will become apparent that the prin-
cipal function of such member is to position the
stem 36 and to act as a backing for a compression
spring 31. Any member which will perform this
function should be considered an equivalent.
Other devices which could be substituted might
include a plate welded to the top of the housing
31 and could be either solid or could assume the
form of a spider bracket.

The lower extremity of the housing 31 is formed
with a plurality of perforated sections 49, shown
in Figs. 2 and 3, which, as will be seen, act as oil
passages when the pressure build-up mechanism
30 functions to relieve pressure. A valve 41 is
slideably disposed in the chamber 32 and is at-
tached to the stem 36 by means of a threaded
connection 42. The spring 37 is adapted to press
against the top of the valve 41 urging it in a
downward direction in fluid-tight engagement
against a plate 43 interpositioned the housing
31 and the flange 19. The plate 43 is formed with
a bore 44 adapted to register with the bore 21
for the passage of oil or other hydraulic fluid
and is interposed the flange (9 and the tank {0
on which the plate 43 is also formed with a bore
50 adapted to communicate with the bore 44
and having an interiorly threaded section 5i
adapted to receive a tubular fitting 52. A conduit
53 is secured in communication with the bore 50
by means of the fitting 52 and communicates
with a filter 54. The filter 54 is of more or less
standard construction and is provided with a dis-
charge 55 which communicates with the discharge
Iine If from the oil tank by means of a conduit
56. A bore 57 is formed through the plate 43 in
fluid communication with the ram bleeding bore
20 and the interior of the tank 0. The plate is
conveniently mounted on the tank by bolts 58
extended upwardly through the flange {9, passed
through the plate and screw-threadedly engaged
to the tank 10. By extending the plate upwardly,
as at §9, along an end of the tank, a convenient
mounting for the filter 54 is provided. ’

Reference to Figs. 4, 5 and 6 will clarify the
system of the present invention. It is to be
understood that the illustrations of the valves (4
in the above figures are purely schematic to in-
dicate the operation thereof and are not in-
tended to duplicate the exact structure em-
ployed. The valve includes a body 14¢ in which
a core 14b is rotatably positioned. The body pro-
vides a high pressure inlet t4¢ connected by the
conduit 13 to the high pressure side of the pump
12. The housing further provides a plurality of
outlets 14d, l4e and 14f, respectively, connected
to one end of a cylinder 68, to the by-pass bore
21 and to the opposite end of the cylinder 60, re-
spectively. The core has formed therein g pas-
sageway l4¢ having an enlarged intake end in
constant registration with the inlet (4c and se-
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1ectively registering at the opposite end thereof
with a control outlet 14d, i4e or 18f or with any
adjacetit two thereof. The housing further pro-
vides bleeding openings 14k and (44 in fluid com-
munication with the control openings 14d and 14/,
respectively, by way of conduits (6 and (5, re~
spectively. A1 obening (& is provided in the
Housing intermediate the bleeding openings [&{
and {4k and is in fluid communication with the
‘bleeding bore 28, previcusly described. A passage
14k is positioned so that as fluid is fed to one
end of the cylinder 60 fluid is bied from the oppo-
site end of the cylinder back through the pas-
‘sage {4k into the tank 0. A piston 61 is slidably
mouhted in the cylinder % and the piston and
c¢ylinder together constitute a two-way control
rant of well-known form.,

As shown in Fig. 4, when pressure is employed
at the control opening {4d its respective bleeding
opening {47 is closed. As shown in Fig. 5, when
the hydrawiic control is in stand-by condition,
the pump urges Auid through the passage £y
whieh is maintained in registration with the open-
irig© I8e angd fluid circulated through the by-
pass bore 2{. In such condition the core (4b
blocks control openings i4d and {4f and bleed-~
ing openings {47 and 14A.

In Pig. 6 an intermediate condition is illus-
trated in which a portion of hydraulic fiuid from
the pump is directed through the passageway 149
out of the cpening tde and back to the by-pass
bore 2{ and the remainder of the fluid through
the opening f4f to the cylinder 88 to control the
piston 61. It will be noticed that in this condi-
%ion the opening {42 is in partial registration
with the passage !4% permitting the opposite
end. of the cylinder gradually to bleed. For pui-
poses of ccenvenience, the blesding bore 22 and
the by-pass bore 2{ are schematically illustrated
intubular form in Figs. 4, 5 and 6.

As will be readily understood, the spring 37
(referring to Fig. 2) will determine the amount
of pressure against the bhottom of the valve 414,
whieh will cause the valve 41 to lift from sealing
engagement with the plate 43, thereby permitting
fluid to escape frem the passageway 44 through
the apertures 48 and into the tank 0. Screw-
threaded adjustment of the plug 24 in the hous-
ing 31 predetermines pressure exerted by the

spring 37 downwardly and the pressure the pump 5

12 may huild up against the bottom of the valve
41 for filtering purposes.

Operation

The operation of the device is clearly apparent !

angd ‘is briefly summarized at this peint. The
pump at {2 is motivated from a power take-off
of a traclor or the like, not shown, in order to
circulate hydraulic fluid from the tank (8
threugh the conduit i, pump 12, discharge con-
duit {3, valve {4, and back to the tank through
the bleeding bore 2% and/or the by-pass bore 21.

The valve core 14b of the valve 4 is most
frequently positioned as shown in Fig. 5 for
stand-by operation of the pump, in which posi-
tion the total discharge of hydraulie fluid from the
Jbump is directed through the outlet 14e and the
by-pass bore 21 to the pressure build-up mech-
anism 38, When the valve ig 50 positioned, the
piston 6f{ of the cylinder 68 is locked in pre-
determined position by the effective sealing of
the control outlets {4d and I4f and the bleeding
openings {4 and 18k by the core {8b. In this
stand-by condition, the pump builds up a suffi-

cient pressure against the mechanism 30 to force ~
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fluid through the filter 54 and back through the
conduits 56 and {1 to the intake side of the pump
12. This pressure is quite low being generally
of the magnitude of five pounds fo the square
inch, or less. Under normal stand-by conditions
the entire volume of hydraulic fluid pumped
through the pump 12 is filtered at 54 and effec-
tively cleaned of dirt, rust, scale and other abra-
sive material.

In the event excessive pressure is built up
against the filter 54, incident to clogging or the
like, the valve 41 is urged upwardly against the
vesistance of the spring 37 and the hydraulic
fluid circulated through the tank ag is normally
done by pumps in stand-by condition in con-
ventional hydraulic systems. It will be perfectly
cbvious that the tank 10 can be under no pres-
sure because of the breather opening {8 and thus
the pressure fo which the filter 54 is subjected
is accurately controlled by the pressure build-
up mechanism 30. Attention is again directed to
the fact that in hydraulic control systems the
valve i4 and pump (2 are operated in stand-by
condition for normally in excess of 95% of the
time of operation of the control system.

When it is desired to move the piston 61 of
the cylinder 60 to the left, as viewed in Fig. 4,
the valve core 4D is rotated counter-clockwise
from the stand-by position of Fig. 5 to direct
hydraulic fluid from the pump fo the right end
of the cylinder by way of conduit §6. Simul-
taneously the bleeding opening i4i is connected
in fluid communication with the bore 20 through
the opening 47 and the left side of the cylinder
permitted to bleed back to the tank {0 through
the conduit 15. So positioned, the opening 147 is
closed by the core ags is the control opening 147
and the stand-by opening 14e. When the pis-
ton in the cylinder is moved, pressures many
times that to which a normal filter may be ex-
posed are required. For example, such filters
are constructed to withstand and operate effec-

tively under pressures of four or five pounds

~ per square inch. The pressures required to ma-
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+ nipulate the ram may approximate fifty times

this pressure. Thus when the ram is manipu-
lated, the sealing of the opening lde by the core
140 protects the filter against all such pressures.
These periods during which the filter is di-
vorced from the control system seldom exceed
from two to four percent of the operating time
of the control system.

It will be evident that in the operation of the
control system there will be times at which the
passage 4g is directed to a pair of the adjacent
openings 14d, lde and {(4f. This condition is
shown in Fig. 6 and is employed when it is de-
sired slowly to move the piston 61 in either
direction. In Fig. 6 the passage {4¢g is in reg-
istration with both of the openings {4e and {4f.
The partial registration constricts the fluid flow
through both of the openings. Under such con-
dition a partial flow of fiuid through conduit 5
serves to position the piston and the remainder
of the fluid is diverted through the bore 2{ and
the filter 54, the pressure build up mechanism
30 serving to resist fluid flow through the bore
21 sufficiently to divert the same through the
filter. As before, the pressure build up mech-
anism 30 operates as a relief valve in the event
that excessive pressures are imposed thereon
and dissipates said pressure into the tank {0.
Simultaneously the opening 14 ig arranged in
constricted fluid communication with the bore 20
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permitting the end of the cylinder toward which
the piston 61 is moved to bleed back through
the bore 28 to the tank 10. The total time dur-
ing which the valve 14 is employed in the con-
dition shown in Fig. 6 rarely exceeds from one
to three percent of the total operating time of
the system.

The filtering system of the present invention is
convenient to install, easily accessible for repair,

and is accurately adjustable by means of the !

nut 34 to impress predetermined pressures on
the filter of small magnitude. This accurate
control permits the employment of low pres-
sure filters and makes available their effective
operation and economy of construction. The
filtering system is efficient in that hydraulic fluid
is diverted through the filter affer it has passed
through the hydraulic control system and in that
it is normally operative for approximately 95%
of the time the control system is in operation.
In actual operation the system and elements of
the present invention have reduced repair and
maintenance expenses for hydraulic control sys-
tems with which they have been employed al-
most to the point of elimination. )

Modified form

The hydraulic system schematically shown in
Fig. 7 employs elements already described and like
parts are given like numbers. A valve 19, how-
ever, is employed differing froim the valve 14 pre-
viously described. In the sysiem shown in Fig. 7,
the bore 20 is the only path for fluid from the
valve to the tank {0 and thus returns all hy-
draulic fluid to the tank resulting from bleeding
of the cylinder 80 or from the positioning of the
valve in stand-by condition. The valve 18 em-
ploys a two-way structure having an inlet 7l and
discharge ports 72, 18 and 74, A cenfrally dis-
posed core 75 is formed with the passageways 16
and 11. As shown in the schematic illustration,
the paszageway 11 communicates between the
ports 7i and 72 and the passageway 16 between
the ports 73 and 74 so that the flow of fluid is as
follows: Commencing with the pump (2, fluid
is forced under pressure throcugh the line I3,
passageway 11, conduit {6 and into the cylinder
88 forcing the piston 6 to the left. Fluid which
is held in the cylinder to the left of the piston

61, is forced through the line {8, passageway 16, ;

and bore 29 to the tank (0. The bore 28 is pro-
vided with a pressure build-up mechanism 30 in
the manner already described for bore 21, If
will be readily understood that when the valve 10
is positioned in a stand-by condition there will
be a flow of hydraulic fluid from the pump to
the tank. The pressure build-up mechanism 30
resists such flow sufficiently to create a pressure
sufficient to divert the hydraulic fluid through
the conduit 53, filter 54 and conduit 56 back to
‘the conduit !i and thence to the pump 2. Un-
der such condition, the total flow of hydraulic
fiuid is filtered.

When the valve T8 is positioned as shown in
TFig. 7, controilably to position the piston 61 in the
cylinder 66, it will be apparent that no greater
pressure is imposed on the kore 28 than the
weight of fluid standing thereabove and the re-
sistance offered by the pressure build-up mech-
anism 30. Said mechanism diverts the hydraulic
fluid through the filter 54 as previously described
and cpens whenever pressure due to clogging or
periodic fluid surges exceeds the structural limits
of the filter 54 and for dissipation of such ex-
cessive pressure in the tank. The system of the
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‘present invention operates similarly when’ the
valve 70 is positioned to change the pattern of
fluid flow to the cylinder or directly back to the
tank for stand-by operation.

Thus, it will be seen that I have provided a
pressure relief system or attachment to be used
in connection with standard hydraulic systems,
which permits the use of filtering devices which
will substantially clean the hydraulic fluid used
in the system, thereby preventing excessive wear
on the pump and the hydraulic control pistons.

While T have herein shown and described my
invention in what I have conceived to be the
most practical and preferred embodiments, it is
recoghized that departures may be made there-
from within the scope of my invention, which is
not to be limited to the details disclosed herein,
but is to be accorded the full scope of the claims
so as to embrace any and all equivalent devices.

This application is a continuation in part of
my application having Serial Number 788,026,
which was filed November 25, 1947, resulting in
Patent Number 2.526,411 dated October 17, 1950.

Having described my invention, what I claim
as new and desire to secure by Letters Patent is:

1. In a hydraulic control system having a res-
ervoir, a pump, and a fwo-way ram; the com-
bination of a conduit interconnecting the res-
ervoir and the pump; a valve in fluid communi-
cation with the pump; said valve having a by-
pass nort, a pair of pressure supply ports, a pair
of bleeting wvorts, and an exhaust port in fluid
communication with the reservoir; a conduit in-
terconnecting one end of the two-way ram and
a pressure supwnly port and a bleeding port: a
conduit interconnecting the opposite end of the
ram and the other supnly port and bleeding port;
a conduit interconnecting the by-pass port and
the reservoir; a pressure build up valve con-
nected to said last named conduit precluding
fluid flow therefrom into the reservoir when pres-
sure in said conduit is less than a predetermined
magnitude and opening for discharge into the
reservoir when the pressure exceeds the prede-
termined magnitude; and a filter in fluid com-
munication b~tween said last named conduit and
the conduit interconnecting the reservoir and
the pump; the valve having a controllably po-
sitioned core adapted to direct fluid therethrough
from the pump to the by-pass port and to block
the bypass port while directing fluid flow to an
individual pressure supply port while simulta-
neously blocking the bleeding port to which the
supply port is connected by the conduit and the .
opposite pressure supply port and directing re-
turn fluid flow therethrough from the opposite
bleeding port to the exhaust port.

2. In a hydraulic control system including a
two-way hydraulic control ram, and a pump hav-
ing an intake and a discharge; a control valve
having an inlet, a pair of pressure outlets, a pair
of bleeding openings, a discharge opening, and
a core positionable to connect the inlet to either
of the pressure outlets while closing the remain-
ing outlet and a bleeding opening and simulta-
neously connecting the remaining bleeding open-
ing to the discharge opening, said core also hav-
ing an intermediate position in which both pres-
sure outlets and both bleeding openings are
closed and the inlet connected to the discharge
opening; bleeding conduit means connected be-
tween the intake of the pump and the discharge
opening of the valve; by-pass conduit means con-
nected between the intake of the pump and the
discharge opening of the valve in parallel relation




2,566,833

9

to the bleeding conduit means; a pressure re-
lease valve in the by-pass conduit means; a filter
in the bleeding conduit means; and conduits in-
dividually connecting the discharge openings of
the valve and opposite ends of the ram and bleed-
ing openings of the valve with opposite ends of
the ram.

3. In a hydraulic control system including a
double acting hydraulic control line, and a pump
having an intake and a discharge; a control valve
having an inlet connected to the discharge of
the pump, a pair of alternately openable pres-
sure outlets connected to opposite ends of the
ram, a pair of alternately closeable bleeding
openings connected to opposite ends of the ram
and a discharge opening connected to-the intake
of the pump, said valve being operable selec-
tively to direct hydraulic fluid under pressure
from the pump to selected ends of the ram while
bleeding the opposite end of the ram back through

10
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20

10
the valve discharge opening and into the intake
on the pump; a filter connected between the
discharge opening of the valve and the intake
of the pump; and a by-pass conduit having a
pressure release valve therein connected between
the discharge opening of the valve and the in-
take of the pump in parallsl relation to the filter.
ROBERT 1. RATHMANN.
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