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2,995,141
DUAL VOLUME FLOW DIVIDER
William J. Hipp, Mount Pleasant Township, Racine
County, Wis., assignor t¢ Webster Electric Company,
Racine, Wis., a corperation of Delaware

Filed Apr. 8, 196¢, Ser. No. 20,204

13 Claims. (ClL 137—101)

The present invention relates generally to flow divid-
ing valving for use in hydraulic systems and is more
particularly concerned with a new and improved valve for
use in hydraulic systems of the type required to supply
fluid to different loads one of which must take priority
over the other.

While the valve of the present invention may be used
in a number of applications, one typical use may be on
a vehicle requiring hydraulic fluid for steering and also
requiring fluid for performing auxiliary functions. For
example, the hydraulic system used on lift trucks is usu-
ally called upon to supply fluid for the steering control
and auxiliary fluid for operating the lift. In such SVs-
tems, the steering control circuit must have priority over
the auxiliary circuit so that the operator will not lose
control of the vehicle in the event that the fluid supply
1s not capable of meeting the demands of both circuits.
However, at all times when the fluid supply is more
than adequate to satisfy the requirements of the steering
circuit, it is desirable that all excess fluid be made avail-
able to the auxiliary or secondary circuit. Therefore,
the primary object of the present invention is to provide
new and improved valving meeting all of these require-
ments.

A further object of the invention is to provide valving
of the character described which operates completely
automatically to afford the desired priority for the pri-
mary circuit without requiring intervention by the Oper-
ator,

Another object of the invention is to provide a valve
of the type described above which is effective to permit
diversion of a maximum amount of fluid to the auxil-
lary circuit whenever fluid is not required by the primary
circuit,

The invention has for a further object the provision
of valving of the type described for permitting a single
hydraulic pump to serve both the primary circuit and
the auxiliary circuit while at the same time assuring that
fluid for the primary circuit will be available upon
demand.

The foregoing and other objects are accomplished, in
accordance with the present invention by providing valv-
ing for controlling the fluid flow from a single pump to
a primary circuit and to an auxiliary or secondary cir-
cuit. The valving includes a flow dividing valve for sup-
plying a relatively small amount of fluid at all times to
the primary circuit and for diverting all excess fluid to
the secondary circuit. The latter valve includes a con-
trol element having a flow restricting orifice therein pro-
ducing a pressure drop or difference directly proportional
to the rate of flow of fluid to the primary circuit. When-
ever this pressure difference exceeds a predetermined
value the piston is moved against a biasing spring to a
position wherein it directs the major portion of the inlet
fluid to the secondary circuit independently of the ori-
fice. A priority control valve is connected to the inlet
to supply the major portion of the fluid to the primary
circuit via a major flow path in parallel with the path
through the flow restricting orifice. The latter valve in-
cludes a piston normally biased by a spring to a position
wherein it blocks the major flow path and prevents deliv-
ery of fluid via said path to the primary circuit. This
piston is subjected to the pressure of the fluid in the
- primary circuit acting in opposition to its biasing spring
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and, hence, when the latter circuit demands more fluid
than can be supplied through the orifice in the flow divid-
ing valve control element the piston is moved to a POsi-
tion opening the major flow path. As soon as the demand
of the primary circuit has been satisfied the priority con-
trol valve again becomes effective automatically to block
the major flow path, thus making available to the sec-
ondary circuit most of the fluid delivered by the pump.
A pressure relief valve is provided for relieving any ex-
cess pressure of the fiuid supplied to the primary circuit.

The invention, both as to its organization and manner
of operation, together with further objects and advan-
tages will best be understood by reference to the follow-
ing description taken in conjunction with the accompany-
ing drawing wherein:

FIG. 1 is a somewhat cross sectional view illustrating
flow dividing valving characterized by the features of the
present invention although it should be understood that
the view is not a true cross section since the passages in
the valve body have been illustrated as though they lie
in a single plane while, in actual practice, it is necessary
to offset these passages to establish the desired flow
paths;

FI1G. 2 is a fragmentary view somewhat similar to
FIG. 1 but illustrating the priority valve in a position
wherein it is effective to deliver a major portion of the
fluid from the inlet to the primary circuit; and

FIG. 3 is a fragmentary view illustrating a modifica-
tion of the valving shown in FIGS. 1 and 2.

Referring now to the drawing and first to FIG. 1, the
valve of the present invention is there indicated gen-
erally by the reference numeral 9 and includes a valve
body 10 having defined therein a main valve bore 11, a
secondary valve bore 12 and a plurality of drillings
forming flow passages to be described hereinafter. The
main valve bore 11 contains a flow dividing valve 13
for distributing to a primary circuit 14 and a secondary
circuit 15 inlet fluid supplied from a single hydraulic
pump 18. The latter pump has its inlet connected to
draw a suitable fluid such as oil from a tank or reservoir
17 and has its outlet connected through a pipe or con-
duit 18 to an inlet fitting 19 threaded into the valve body
10. The fitting 19 is connected to supply inlet fluid to
the valve bore 11 through a passage 20 drilled into the
valve body. The primary circuit 14, as was indicated
previously, may comprise the steering control for a vehi-
cle while the secondary circuit 15 may comprise equip-
ment for performing auxiliary functions such as the lift
on a power operated lift truck.

The flow dividing valve 13 includes a piston 21
mounted for sliding movement within the valve bore 11
and biased upwardly as viewed in FIG. 1 by means of
a coiled spring 22, the upward movement of the piston
being limited by engagement of its end 21a with a plug 24
threaded into the valve body. The piston 21 is gen-
erally in the form of an open ended, hollow cylinder
and cooperates with the bore 11 to define a spring cham-
ber 23 containing the spring 22 which is seated at one
end against the blind end of the bore 11 and at its other
end is nested within the hollow 29 of the piston.

- The piston 21 includes a reduced diameter portion 25
bounded by lands 26 and 27 and cooperating with the
valve bore 11 to define an inlet chamber 28 receiving fluid
from the inlet passage 28. The inlet chamber 28 is con-
nected continuously to the spring chamber 23 through one
or more flow restricting orifices 30 formed in the valve pis-
ton 21. These orifices provide a restricted flow path ex-
tending from the inlet passage 26 through the spring
chamber 23 and around the extreme lower end 31 of the
valve piston to an outlet passage 32 leading to the primary
circuit 14. The passage 32 is drilled through the valve
body 190 to intersect the valve bore 11 and includes a
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drilled portion 33 leading to a pressure relief valve 34
which will be described more fully hereinafter. An out-
let fitting 35 threaded into the valve body 18 connects the
passage 32 to a conduit or pipe 36 leading to the pri-
mary circuit. |

The upper end of the piston 21 cooperates with the
valve bore 11 to define a damping dashpot of conven-
tional construction for inhibiting oscillation of the piston.
More specifically, the land 27 is provided with one or
more passages 37 therein providing communication be-
tween the inlet chamber 28 and a dashpot chamber 35
formed within the valve bore 11 adjacent the upper end
21a cof the piston. The high pressure fluid in the inlet
chamber 28 acts against the upper face 27a of the land
27 to develop a relatively large force urging the pisicn
downwardly against the action of the biasing spring 2Z.
It will also be understood that the fluid flowing through
the orifices 39 is sufficient to establish a pressure difference
between the chambers 28 and 23. The force of the high
pressure fluid acting against the upper end of the piston is
opposed by the relatively low pressure fluid in the spring
chamber 23, but when the rate of flow through the orifices
30 increases sufficiently to cause a pressure drop of pre-
determined value, the piston 21 is moved downwardly
until the land 26 uncovers a passage 46 leading to the sec-
ondary circuit 15. The latter passage is connected through
a fitting 41 and through a conduit or pipe 42 to the sec-
ondary circuit. When the land 26 uncovers the passage
48, the secondary circuit 15 is connected directly to the
intet chamber 28 and, hence, receives the major portion
of the fluid from the pump 1&, while the flow restriction
orifices 30 limit the flow to the primary circuif to a very
low level. The flow dividing valve 13 thus far described
is of conventional construction and, hence, nced not be
considered in further detail.

In accordance with an important feature of the present
invention, the major portion of the fluid for the primary
circuit is supplied through a major flow path including a
priority control valve 43 mounted within the secondary
bore 12. The major flow path includes a passage 44
drilled through the valve body to intersect the iniet pas-
sage 20 and to connect with the bore 12. The drilling
is made from the upper edge of the valve body and hence
the extreme outer end is sealed by a plug 45. The major
flow path further includes a passage 46 leading from the
bore 12 to a chamber 47 and a further passage 48 con-
necting the latter chamber to the spring chamber 23 in the
valve bore 11. The chamber 47 is closed by a removable
plug 49 threaded into the valve body which plug may be
removed to permit insertion of a flow restricting element
£9 in the form of a small plug having a small central
orifice 51 therethrough. The latter plug may have an
Allen socket 52 therein for receiving a head of an Allen
wrench by means of which the plug may be threaded into
or out of its seat in the valve body. The orifice 51
in the plug 58 provides a restriction in the major fiow
path leading from the inlet passage 2% to the pas-
sage 32 for sunplying fluid to the primary circuit.

As was previously indicated, the fiuid flow through the

major flow path just described is controlled by the priority

valve 43 which includes a valve piston 54 mounted for
slidine movement within the secondary bore 12. The lat-
ter piston includes a pair of lands 55 and 56 separated by
a reduced diameter portion 57. A biasing spring 58 hav-
ing one end seated in the blind end of the bore 12 and
having its other end resting against the inner end of the
piston urges the piston 54 to the right as viewed in FIG.
1 with the richtward movement being limited by engage-
ment of an axially extending stem 59 on the piston with
a plug 698 threaded into the outer end of the bore 1Z.
The stem 59 cooperates with the bore 12, with the plug
69, and with the land 56 to define a pressure chamber 61
which communicates with the primary circuit outlet pas-
sage 32 through a passage 62 in the valve body. When
the pressure in the chamber 61 is at a relatively low

10

4
value, the spring 58 is effective to maintain the piston 54
at the right so that the land 55 covers the passage 44 in
order to interrupt or block the major flow path. Ia the
event that the primary or steering control circuit 14 i1s op-
erated, the pressure of the fluid in the passage 32 and
the chamber 61 builds up to a value sufiicient to move
the piston 54 to the lefi against the biasing spring 53
to the position shown in FIG. 2 whereupon the passage
44 is connected to the passage 46 through the reduced
diameter portion 57 thus opening the major flow path.
When the priority valve is opened fluid is supplied in
parallel with the flow through the orifices 3¢ in order to

- meet increased demands of the primary circuit.
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To prevent leakage fluid entering the spring chamber
at the blind end of the bore 12 from blocking the leftward
movement of the piston 54, this spring chamber i1s con-
nected through a passage 63 to the tank or reservoir 17.
More specifically, the passage 63 opens to a chamber 64
contaimning the pressure relief valve 34. The latter cham-
ber is connected to the reserveoir 17 through a drilled pas-
sage 65 in the valve body 11, through a bypass fitting 6%,
and through a pipe or cenduit 67. The relief valve 34
is a conventional poppet type valve having a valve ele-
ment 68 seated against a tapered valve seat 69 formed
at one end of the chamber 64. The valve element 68
1s biased imnip engagement with the valve seat by a spring
78 having cne end encircling the stem on the valve ele-
ment and having its other end telescoping over an inward-
ly extending projection 71 on a plug 72 threaded into the
outer end of the chamber 64. A passage 73 connects the
valve seat to the drilling 33 so that the valve clement 68
is subjected to the pressure of the fluid in the primary
circuit. Thus when the latter pressure exceeds a predeter-
mined value, the valve element 68 is unseated tg pro-
vide a bypass to the reservoir 17 through the chamber
¢4 and through the passage 65.

Considering next the operation of the valving shown in

- FIGS. 1 and 2 and assuming first the condition where the

primary circuit 14 requires no fluid, it will be observed
that a very small amount of the fluid entering the inlet
passage 20 is passed through the orifices 30 and through
the passage 32 to the primary circuit. Under these con-
ditions, the major portion of the inlet fluid from the pas-
sage 20 1s directed to the secondary circuit 15 through
the passage 40. Since the primary or steering circuit 14 is
not being operated at this time, the pressure of the fluid
in the passage 32 is very low and, hence, the valve pis-
ton 34 of the priority valve 43 is in the position shown
in FIG. 1 wherein it blocks the major flow path. Thus,
only the fluid passing through the orifices 38 is supplied
to the primary circuit or steering control.

Assuming next that the operator has moved the steer-
ing control or primary circuit to steer the vehicle, it will
be recognized that the pressure builds up in the passage
32. This pressure also exists in the chamber 61 and acts
to move the piston 54 to the position shown in FIG. 2
against the spring 58 thus connecting the passages 44 and
48 and opening the major flow path. Fluid from the
inlet passage 20 then flows through the open priority
valve 43 and through the orifice 51 to the passage 32.
Thus, the fluild flowing through the orifice 51 is in parallel
with that flowing through the orifices 30 and, as a result,
an increased amout of fluid is supplied through the pas-
sage 32 to the primary circuit 14. As long as the pres-
sure of the fluid in the passage 32 remains above the
predetermined value determined by the spring 58, the in-
creased fiuid flow through the major flow path will be
avatlable for the primary circuit. As soon as the demands
of the latter circuit have been satisfied, the pressure of
the fluid in the passage 32 and in the chamber 61 falls
to a value where the spring 38 is again effective to move
the piston 54 to the position shown in FIG. 1 thus again
blocking or interrupting the major flow path. The fluid
that had been required for the primary circuit is thus

made immediately available for the secondary circuit 15,
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Any excess pressure of the fluid in the primary circuit
passage 32 1s relieved through the valve 34 in conven-
tional manner.

Both the orifice 51 and the orifices 30 are pressure
compensated to insure constant flow of fluid regardless of
changes in the inlet fluid pressure. The amount of fluid
fiowing through the major flow path to the primary cir-
cuit passage 32 is controlled by the size of the orifice 51
and, hence, different rates of flow can be established by
selection of a plug 5% having the proper orifice size.
Preferably, the size of the orifice 51 is such that the fluid
flow via the major flow path is greater than that through
the orifices 30 so that the major portion of the fluid re-
quired by the primary circuit is supplied by the priority
valve.

The fiuid flow through the major flow path may also be
controlled by the arrangement shown in FIG. 3 wherein
the orifice size is adjusted from the exterior of the valve
body by turning a control element 89. The latter ele-
ment includes a conically shaped inner end 81 forming a
needle cooperating with the lower end of the passage 46
to form the variable orifice. The stem of the control
element is threaded into a tapped axial bore 82 in the
plug sealing the lower end of the chamber 47 to permit
the adjustment. A lock nut 83 is preferably provided
for the purpose of locking the control element 8¢ in po-
sition after it has been properly adjusted.

In view of the foregoing discussion, it will be observed
that the valving illustrated and described is effective to
accomplish all of the enumerated objects of the inven-
tion. Thus, this valving provides priority for the fluid
flowing to the primary circuit and at the same time makes
available for the secondary circuit a maximum amount
of fluid whenever the demands of the primary circuit are
satisfied. All of this is accomplished automatically and
without intervention by the operator. Moreover, the
mechanism required is very simple in construction em-
ploying a minimum number of compactly arranged parts.

While particular embodiments of the invention have
been illustrated and described, it will be understood by
those skilled in this art that many modifications and
changes may be made without departing from the true
spirit and scope of the invention as set forth in the ap-
pended. claims.

What is claimed as new and desired to be secured by
Letters Patent of the United States is: |

1. Valving for controlling the flow of fluid from a
source to :a primary circuit and to a secondary circuit,
saild valving including valve body means having first
and second valve bores defined therein, inlet passage
means delivering inlet fluid from the source to both of
said bores, a first valve piston mounted for reciprocation
in said first bore and carrying means defining at least one
low restricting orifice, a chamber in said first bore re-
ceiving fluid flowing from the inlet passage means through
said orifice, an outlet passage in said valve body means
spaced from the inlet passage means and leading from
said chamber to the primary circuit, said chamber being
connected at all times to the inlet passage means through
the orifice in the first valve piston, a spring disposed at
least partly within said chamber and acting against the
first piston to bias it towards one end of the first valve
bore, a secondary passage in said valve body means con-
nected to said bore at a position intermediate the inlet
passage means and the outlet passage and leading to the
secondary circuit, the pressure drop across said orifice
caused by the flow of fluid from the inlet passage means
to the outlet passage through the orifice being effective
to move said first piston within said bore against the ac-
tion of said spring whenever the rate of such flow exceeds
a predetermined wvalue, said first piston including means
for connecting the inlet passage means to the secondary
passage independently of the orifice when the first piston
is moved a predetermined distance against said spring by
the pressure drop across the orifice, a primary flow pas-

i
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sage in said valve body means connecting said second
bore to said chamber, a second valve piston mounted for
sliding movement within said second bore, spring means
in said second bore normally biasing said second piston
to a position wherein it blocks flow of inlet fluid from the
Inlet passage means to the primary flow passage, a pas-
sage in said valve body means connecting the outlet pas-
sage to the second bore in order to supply fluid pressure
acting against said second piston in opposition to said
spring means so that increase in pressure of the fluid in
the outlet passage above a predetermined level causes
said second piston to move within said second bore against
said spring means, said second piston including means
for connecting said inlet passage means to said primary
flow passage when the second piston is moved against
the spring means, thereby to deliver fluid from the inlet
passage means through the chamber to the outlet passage
in parallel with the flow through said orifice, and means
in said primary flow passage for restricting the flow there-
through.

2. The apparatus defined by claim 1 wherein the flow
restricting means in the primary flow passage comprises
a plug detachably secured to the valve body means and

" having a flow restricting orifice therein,
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3. The apparatus defined by claim 1 wherein the flow
restricting means in the primary flow passage comprises
an adjustable valve element cooperating with a fixed
valve element to form an adjustable flow restricting ori-
fice in the primary flow passage, said adjustable element
being adjustable from the exterior of the valve body
means to vary the size of the latter orifice.

4, Valving for controlling the flow of fluid from a
source to a primary circuit and to a secondary circuit,
said valving including valve body means having first
and second valve bores defined therein, inlet passage
means delivering inlet fludid from the source to both of
said bores, a first valve piston mounted for reciproca-
tion in said first bore and carrying means defining at
least one flow restricting orifice, an outlet passage in said
valve body means spaced from the inlet passage means
and leading from said chamber to the primary circuit,
sald outlet passage being connected to the inlet passage
means through the orifice in the first valve piston, a
spring acting against the first piston to bias it towards
one end of the first valve bore, a secondary passage in
sald valve body means opening to said bore at a posi-
tion intermediate the inlet passage means and the out-
let passage and connected to the secondary circuit, the
pressure drop across said ‘orifice caused by the flow of
fluid from the inlet passage means to the outlet passage
through the orifice being effective to move said first pis-
ton within said bore against the action of said spring
whenever the rate of such flow exceeds a predetermined
value, said first piston including means for connecting
the inlet passage means to the secondary passage inde-
pendently of the orifice when the first piston is moved a
predetermined distance against said spring, a primary
flow passage in said valve body means connecting said
second bore to said outlet passage, a second valve piston
mounted for sliding movement within said second bore,
spring means in said second bore normally biasing said
second piston to a position whenever it blocks flow of
inlet fluid from the inlet passage means to the primary
flow passage, a passage in said valve body means con-
necting the outlet passage to the second bore in order to
supply fluid pressure acting against said second piston
in opposition to said spring means so that increase in
pressure of the fluid in the outlet passage above a prede-
termined level causes said second piston to move within
said second bore against said spring means, said second
piston including means for connecting said inlet passage
means to said primary flow passage when the second
piston 1s moved against the spring means, thereby to de-
liver fluid from the inlet passage means to the outlet

passage in parallel with the flow through said orifice.
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5. The valving defined by claim 4 wherein means are
provided in said primary flow passage for restricting the
fluid flow therethrough.

6. The apparatus defined by claim 5 wherein the ilow
restricting means in the primary fiow passage comprises
an adjustable valve element cooperating with a fixed
valve element to form an adjustable flow restricting ori-
fice in the primary flow passage, said adjustable element
being adjustable from the exterior of the valve body
means to vary the size of the latter orifice.

7. The apparatus defined by claim 5 wherein the flow
restricting means in the primary flow passage comprises

a plug detachably secured to the valve body means and

having a flow restricting orifice therein.

8. Valving for controlling the flow of flmud from a
source to a primary circuit and to a secondary circuit,
said valving including valve body means having first
and second valve bores defined therein, inlet passage
means delivering inlet fluid from the source to both of
said bores, a first valve piston mounted for reciprocation
in said first bore and carrying means defining at least

one flow restricting orifice, an outlet passage in said

valve body means spaced from the inlet passage means

and leading from said chamber to the primary circuit,

said outlet passage being connected to the inlet passage
means through the orifice in the first wvalve piston, a

spring acting against the first piston to bias 1t fowards.

one end of the first valve bore, a secondary passage in
said valve body means opening to said bore at a posi-
tion intermediate the inlet passage means and the outlet

passage and connected to the secondary circuit, the pres-.

sure drop across said orifice caused by the flow of fluid
from the inlet passage means to the outlet passage through

the orifice being effective to move said first piston within.

said bore against the action of said spring whenever the

rate of such flow exceeds a predetermined value, said

first piston including means for connecting the inlet pas-

sage means to the secondary passage independently of.
the orifice when the first piston is moved a predeter-

mined distance against said spring, a primary flow passage

in said valve body means connecting said second bore:
to said outlet passage, and a priority valve element

mounted for movement within said second bore and nor-
mally effective to prevent fluid flow from the inlet pas-

sage means to the primary fiow passage, said valve ele-

ment being movable in response to the pressure in said
outlet passage to connect said inlet passage means to
said primary flow passage. |

9. The valving defined by claim 8 wherein means are

provided in said primary flow passage for restricting the

fluid flow therethrough.

10. The apparatus defined by claim 9 wherein the flow
restricting means in the primary flow passage comprises
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a plug detachably secured to the valve body means and
having a flow restricting orifice therein.

11. The apparatus defined by claim 9 wherein the flow
restricting means in the primary flow passage comprises
an adjustable valve element cooperating with a fixed valve.
element to form an adjustable flow restricting orifice in
the primary flow passage, said adjustable element being
adjustable from the exterior of the valve body means to
vary the size of the latter orifice.

12. Valving for controlling the flow of fluid from a
source to a primary load circuit and to a secondary load
circuit, said valving comprising a flow dividing valve re-
ceiving inlet fluid from said source and constructed and
arranged to continucusly supply to said primary circuit
a portion of the inlet fluid and automatically operated in
response to the continuous flow to divert to said secondary
circuit inlet fluid not required by the primary circuit,
and means for supplying fluid from the inlet to the
primary circuit independently of the flow dividing valve,
the last named means including a priority valve having
a movable valve element normally effective to prevent
said Jast named means from supplying fluid to the primary
circuit, said movable valve element being automatically
moved from its normal position in response to an increase

" in pressure of the fluid delivered to the primary circuit

from the flow dividing valve to render the last named
means effective to supply inlet fluid to the primary circuit
in parallel with the continuous flow to the latter circuit
through the flow dividing valve.

13. Valving for controlling the flow of fluid from a
source to a primary circuit and to a secondary circuit,
said valving comprising a flow dividing valve receiving
inlet fluid from said source and constructed and arranged
to supply continuously to said primary circuit a portion

- of the inlet fluid and operated in response to the con-

tinuous flow of fluid to the primary circuit to divert to
said secondary circuit inlet fluid not required by the pri-
mary circuit, and means for supplying fluid from the inlet
to the primary circuit independently of the flow dividing
valve, the last named means including a priority valve
normally effective to prevent said last named means from
supplying fluid to the primary circuit and operated in
response to pressure of the fluid delivered continuously
to the primary circuit from the flow dividing valve to
render the last named means effective to supply inlet
fluid to the primary circuit in parallel with the continuous
flow through said flow dividing valve.
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