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(57) Abstract

Flow control vaive (18) for a fluid operated system (10) having a motor (16). The flow control vaive (18) has a bore
(50) and a passage (38) opening in the bore (50). A piston (70 and a plunger (86) are slidably disposed in the bore. The
plunger (86) is actuatable in response to a-load pressure in the motor (16) for establishing an axial position in the bore (50)
at which the piston (70) modulates fluid flow with the passage, prior to the introduction of fluid flow through the valve
from the motor (16). The flow control valve thus improves response, regulation and requires fewer and less complex parts.
The flow control valve (18) is particularly useful in a hydraulic lift system such as used on a lift truck.
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Description

Load Responsive Flow Control Valve

Technical Field
This invention relates to a flow control

5 valve for a fluid operated system and nore
particularly to a loacd responsive flow control valve
for a fluid operated lift svysten which establishes a
flow rate in response to a load being lifted prior to

the initiation of fluid flow.

18 Background Art
Flow control valves are freguently used in

fluid operated systems, such as & lift systen. For
example, when used with a 1ift mest on a lift truck
such valves permit substantially unrestricted fluid
15 flow to be delivereé from & pump to 2 fluid operated
motor, such as a hydraulic jack?y and controllably

regulate the rate of flow passing from the jack to a

reservoir.
Typically such systems incluée a main control

20 valve for controllably directing the £luid flow
between the jack, pump and reservoir. Actuation of

the main control valve and passing fluid flow to tank
e condition upon

n

U

~

establishes a differential pres
ts for establishing a

(@]

which the flow control wvalve resa
25 rate of flow proportional to saicd differential
pressure. Such a fluid operated systen is shown in
U.S. Patents 4,180,098, issued December 25, 1¢7% to T.
Budzich and U.S. Patent 4,204,458, issued May 27, 19€0

to H.L. Johnson.
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It has been found that fléw control valves,
operative in response to a differential pressure
established subsequent to the initiation of £fluid
flow, have a tendency to either resct tco slowly or
too quickly in achieving a flow reculating position.

A slow reacting flow control valve will tend to reduce
the responsiveness of the system ané thus the
controllability and efficiency will suffer. A fast
reacting flow control valve will have a tendency to
overshoot and hunt resulting in erratic or cyclical
control of the flow and bouncing of the hydraulic jack.

There have been attempts to solve the
above-noted problems of response ané¢ regulaticn by
adding additional and/or modifying existing
components. This, however, zédés to the cost, bulk and
complexity of the system and is often not a totally
satisfactory solution. The present invention is
directed to overcoming one or more of the problems as

k]

set forth above.

Disclosure of the Invention

In one aspect of en embodiment of the present
invention, a flow control valve is provided for a
fluid operated system having & motor. The flow

control valve includes a housing having a bore and a

passage in the housing opening in the bore znd
connected to the motor. A piston &né a plunger are
each slidably disposed in the bore &nd seperable to a

e
nonmodulating position with respect to the p
permitting substantially unrestricted fluid
the motor and being movable ‘together to a flow
modulating position with rescect to saidé pes
response to the fluid pressure in the motor.
Simultaneously with the terminaticn cf flu

through the passage to the motor thzs flow ¢
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valve automatically establishes a maximum rate of
fluid flow from the motor prior to the initiation of

£luid flow from the motor through the passace.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of the Zluid
operated system including the flow control valve of
the present invention.

Fig. 2 is an enlarged diagrammatic sectional
view of the flow control valve of Fig. 1 showing the
plunger and piston in a nonmodulating position.

Fig. 3 is an enlarged diagrammatic sectional
view of the flow control valve of Fig. 1 shewing the
plunger and piston together in abutment in & £flow
modulating position.

Fig. 4 is an enlarged diagrammatic view of

the passage as seen in the direction of the arrows

IV-IV of Fig. 3.

.

Best Mode for Carrying Out the Invention

Referring to the drawing of Fig. 1, & fluid
operated system 1C, such as a hydraulic 1ift sustem
for use on a material handling vehicle (not shown)
includes a source of pressurized fluid 12, such as a
pump, a control valve 14, a fluié opersted motor 16,
such as a single acting hydraulic jack, & flow control
valve 18 and a reservoir 20. The pump 12 is connected
to the control valve 14 by a conduit 22 ancd to the
reservoir 20 by a conduit 24. The control valwve 14, a
manually actuateé three position open center type
control valve, is connected to the reservoir 20 by a
conduit 26 and to flow control valve 186 by & conduit
28. Flow control valve 18 is preferably cornscted to
jack 16 directly so as to pass fluid flow betweseen the

jack 16 and control valve 14. However, it is to be
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noted that the flow control valve 18 could be

M

connected directly to the control valve 14 or anywhere
between the control valve and jack 1€ and to the
conduit 28.

5 Referring to Figs. 1 and 2, the flow control
valve 18 includes a housing 30 having a first
.cylindrical end portion 32 and a surface 33, a second
‘cylindrical end portion 34 and a flange portion 36
extending radially from the first end portion 32

16 adjacent the second end portion 34 and dividing the
first and second end portions. Each 'of the first and
second end portions 32,34 have a threaded portion 38
extending radially therefrom and along a preselected
axial distance.

15 " The jack 16, as shown in Fig. 1, has a
tubular cylinder 40 and a piston and rod assembly 42
slidably disposed in the cylinder ané extendable and
retractable relative thereto. Adjacent & head end of
the cylinder is provided a threaded bore 44 opening

29 into a cavity 46 therein. The cavity 46 is open to
and in fluid communication with a head end 48 of the
piston and rod assembly 42. The housing 30, and more
specifically its first end portion 32, is disposed in
the cavity 46 with the threaded portion 38 of the

25 first end portion engaged in the threaded bore 44 of
the cylinder 40.

A bore 50 as best seen in Figs. 2 and 3
having a first end 51 ané a second ené 53, is axially
disposed in the first cylindrical end portion 32 of

38 the housing 30 with saidé first end 51 opening at a
first end 52 of the housing. A drilled passage 5¢ is .
disposed in the housing and is open at a second end 56
of the housing and extends tcward the first end '
portion 52 of the housing 30 a preselected depth. A

35 passage 58 1s disposed in the housing's second end
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portion 32 at a preselected axial location along the
second end portion of the housing, preferably between
the threaded portion 38 and the first end 52. The

passage 58 is preferably radially oriented relative to

the bore 50 and the first cylindrical end portion 32

and passes through the housing to a depth so as to
open in the bore 50 and the drilled passage 54. Thus,
the drilled passage 54, the bore 50 and the passage 58
together pass fluid between conduit 28 and cavity 46
(see Fig. 1).

A blind stepped bore 60 having a seal support
bore portion 62 and a guide bore portion 64 is
disposed in the housing 30 in axial alignment with the
bore 50. The seal support portion 62 is smaller in
diameter than the bore 50 and the guide bore portion

64 is smaller in diameter than the seal support bore

portion 62. The seal support portion is connected to

the second end of the bore 50 and opens in the bore
50. A-vent passage 66 is radially disposed in Ehe
flange 36 to connect the guide bore portion 64 to the
atmosphere so as to.prevent fluid pressure buildup
therein. A filter 68 of any suitable type well known
in the art is positioned in the vent passage to
prevent dirt from entering the guide bore portion.

A flow control piston 70 is slidably disposed
in said bore 50 adjacent the first end 51 of the
bore. The piston 70 has a cylindrical body 72, 2 head
surface 74, a base end 76 and a cylindrical recess 78
disposed in said base end and into said body 72. A
first spring 80 is disposed in the recess 78 and bears
against a flange 82 retained in said bore 50 in any
suitable manner, such as by a snap ring 84, to bias

the piston 70 toward the second end 53 of the bore.
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A stop or plunger 86 is slidably disposed in
the bore 50 adjacent the second end 53 thereof. The
plunger 86 includes 2 cylindrical hezdé portion 88
which has a stop surface S0 and a connecting surface
82, and a cylindrical shank portion ¢4 which is
rigidly centrally affixed to extend axially from the
connecting surface 92. A second spring 9¢€ is
centrally disposed about shank 86 and between the
connecting surface 92 and the second end 53 of the
bore 50. The second spring 96 biases the plunger
toward the first end 51 of the bore by applying force
to the connecting surface ¢2 and a flange 98 retained
at the second end 52 of the bore 50. A seal 1CO is
disposed in seal support bore 62 and in sealing
engagement with the support bore 62 and the shank
portion 94 of the pluncer €€. The seal 100 prevents
pressurized fluié from entering the guide bore 64 and
acting against a crossectional area cf the shank 86.

The piston 70 and plunger €6, f£low control
members, are axially novable in the kore in response
to fluid pressure applied thereto or in the absence of
pressure to a spring biased axial position in the bore
50. In both situations the position of the plunger 70

and the piston are significant. The piston 70

1

cooperates with the passage 58 to regulate the flow of
th

fluid therethrough and plunger establishes a

;_a.

e

position in the bore zt wh to stop the piston from

further movement in the direction toward the piston
un

flow rate for a given

|—-l|

thereby establishing a max
pressure. It i1s to ke notec thet the head portion &8
of the plunger 86 was designed with & very thin
crossectional area between the stop surface 80 and the
connecting surface 22 to eliminate or reduce the

possibility of the p
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through the passage 58. Thus, only the piston
functions as a flow modulating member within the
passage 58.
It has been found that the shape of and the

5 size of the passage 58 is important in providing a flow
control valve with good modulating characteristics on
one hand and unrestricted free flow on the other. The
preferred passage 58 configuration, as best seen in
Fig. 4, has a basic keyhole shape oriented axially

10 along the first cylindrical end portion 32 of surface
33. The passage is disposed radially in the housing
‘30, relative to the bore 50, and opens on surface 33,
and in bore 50 and drilled passage 54, as previously
discussed. The keyhole shaped passage 58 has a

15 circular end portion 102 and a rectangular end portion

104 extending from said circular end portion. The

circular end portion 102 is postioned closer to the

first end portion 52 of the housing 30 than the

rectangular end portion 104. The rectangular end

20 portion 104 preferably terminates with an arcuate end
portion 106. It is to be noted that the rectangular
portion 104 between the bore 50 and the drilled passage
54 is preferably shorter axial length than the
rectangular portion 104 between the bore 50 and the

25 surface 33 of the first cylindrical end portion 32.
This establishes a slight pressure drop with fluid
flowing across the passage.portion between the bore 50
and drilled passage 54 and not with the passage portion
between the outer surface 33.and the bore 50, thereby

30 improving the flow modulating characteristics.

The piston 70 is axially movable in the bore

50 between a nonmodulating postion, as shown in Fig. 1
at which time it is in abutment with the flange 82 at
the first end 51 of the bore 50 and spaced away from

35
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an overlying postion with the passage 58 to a flow
modulating position wherein the piston moves toward
the second end 53 to lie within the passage 58. One
of such positions is shown in Fig. 3. As the piston
70 moves from the nonmodulating position toward the
second end 53 it first closes off the large flow of
fluid through the circular portion 102 which greatly
reduces the flow being passed. Subsequent movement
toward the second end 53 provides smaller increments
in flow reduction for a given piston travel thereby
offering good modulating characteristics. Therefore
the large circular passage portion 102 is provided
primarily to permit free unrestricted flow when the
piston 70 is in the nonmodulating position and is
sized according to the flow capacity of the system 10.
Both the piston 70 and the plunger 86 are
continuously automatically responsive to the fluid

. pressure in the cavity 46 of jack 16. -This pressure.

generates a force proportional to the weight of a load
being supported by the piston and rod assembly 42 and
is commonly termed load pressure. The presence of
load pressure in the cavity 46 will cause the plunger
86 to seek a pressure force balanced position in the
bore 50 since the passage 58 and the entire bore 50
are in continuous open communication with the £luid in
the cavity 46. The load pressure acts against the
stop surface 90 and the connecting surface 92 of the
head portion 82 of the plunger 86 to cause the plunger
to move to a pressure force balanced axial postion in
the bore 50. The axial force balanced position is
determined by the differential area established on the
stop surface 90 and the opposing force of second
spring 96. The differential area is the surface area
of the stop surface 90 minus the surface area of the

connecting surface 92 less the crossectional zarea of
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the shank portion %4. It thus can be seen th;é the
plunger 86 is continuously nonitcring the pressure
irrespective of flow and seeking an automatic
pressure-force balanced position so as to establish a
position at which the flow control piston 70 is
stopped and a maximum flow rate for the given pfessure
is maintained (see Fig. 3).

The flow control piston 70 like the plunger
86 is responsive to load pressure. The load pressure
acts against the head surface 7¢ and the bzse end 76
including the cavity 78. Since the effective area of
the head surface 74 and the base end 76 plus the
cavity 78 are egquzl, the first spring 80 will force
the piston 70 to move into abutment with the stop
surface 90 of plunger 86. This is true in all
conditions except one such as shown in Fig. 2. When
fluid is being passed to the jack the pressurized
fluid flow from bore 50 across passage 58 encounters a

slight pressure drop across the passagsg. Since the

pressure in the bore 30, acting on the head surface

side is greater than the pressure in the bore 50 on
the base end side 76, the piston 70 will nove against

the light force of first spring 80 toward a

&

nonmodulating position at the first end 51 of the bore

50 for delivering free flow to the jack 14.

Industrial Applicability

In operation anc with reference to Fig. 1,
shifting of the control valve 1& to the left o a Jjack
extending position will cause & pres
£luid to be delivered by the pump 12, from the
reservoir 20 through conduit 22 across the control
valve 14 and downstream thereof through conduit 28 to
the flow control valve 1€. With reference <o Fig. 2,

the flow will pass through drilled passage S¢, passage
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58, bore 50, passage 54 and into cavitj 46 of jack
16. Since the pressure in the bore 50 acting against
the head surface 74 of piston 70 is greater than the
pressure in either the cavity 46 or the base end 76
side of the bore 50 due to the pressure drop across
the passage 54, the piston 70 will be instantaneously
forced by the pump generated fluid pressure to the
nonmodulating position adjacent the first end 51 of
bore 50 and away from the passage 58. The plunger 86
will, at the same time, automatically seek the forced
balanced position in the bore 50 in response to the
fluid pressure. However, due to its construction it
will have substantially no effect on the flow being
delivered to cavity 46. The force of the fluid
pressure acting against the head end 48 of the piston
and rod assembly 42 will cause extension thereof and
the lifting of a load (not shown).

Upon shifting of the control valve 14 to the
neutral or centered position, the flow of fluid from
the pump 12 will be directed to the reservoir 20 via
conduit 26 and the fluid downstream of the control
valve 14 will be blocked at the control valve.
Simultaneously therewith load pressure in the cavity
of the cylinder will act against the differential are
of the plunger 86 so as to automatically establish a
force balanced position in the bore 50 in response
thereto. It is to be noted that the pressure in the
bore 50 during the raising of the load will normally
be only slightly higher than the load pressure in the
bore in a no flow condition, therefore only a slight
amount of movement of the plunger 86 may be observed.
Since flow to the cvlinder has ceased so also has the
differential pressure acting on the piston 70.
Therefore, the load pressure acting against the head
surface 74 and the base end 74 of the piston 70 are

BUREA
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equal. Since no differential area is present the
piston 70 will automatically-move into abutment with
the plunger 86 as shown in Fig. 3 under the influence
of first spring 80 and establish a flow rate with the
passage 58 as determined by the position of plunger 86.

Thus, it can be seen, that the position of
the plunger 86 in the bore 50 is directly proportional
to the weight of the load being lifted. For heavy
loads, the plunger will be at a position closer to the
second end 53 of the bore than for light loads or no
load.

Upon shifting of the control valve 14
rightwardly to a Jjack retracting position the fluid in
the jack 16 will be open to the reservoir 20 via
conduit 28, control valve 14 and conduit 26. Since
the piston 70 and plunger 86 have already
automatically been prepositioned to a load responsive
flow medulating position with the passage 58, .the flow
will pass across the unblocked or open portion of the
passage and through the flow path in the hogsing 30 in
reverse of that previously described. 2gdain, as in
the raising mode, there will be a pressure drop across
the passage 58 as determined by the position of the
spool. However, in the lowering mode the pressure in
chamber 46 will be the highest in the system.
Therefore the force against the base end 76 of the
piston 70 will insure that the head surface 74 of the
piston remains in contact with the stop surface 90 of
the pluncer.

In view of the foregoing, there is provided a
flow control valve for a fluid operated system which
is continuously responsive to fluid pressure in the
motor to establish a £low rate in response to this

pressure prior to the initiaticn of flow of any fluid




WO 82/01748 PCT/US80/01510
-12-

from the motor and affording substantially
unrestricted fluid flow in the opposite direction to
the motor.
Other aspects, objects and advantages of the
5 invention can be obtained from a study of the

drawings, disclosure and appended claims.
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Claims

1. A flow control valve (18) for a fluid
operated system (10) having & fluid operated motor
(16) and a control valve (14), comprising:

a housing (30) having a2 bore (50) anc a
passage (58) opening in szid bore (850), said passage
(58) being connected to said motor (16) and said
control valve (14) for passing pressurized fluid
between said motor (16) and said control valve (14)
through said bore (50);

a flow control piston (70) slidably édisposed
in said bore (50) and operatively associated with said
passage (58) to péss unrestricted fluid flow to said
motor and controllably regulate the flow of £luid
passing through szid bore (S50) from said motor (16) in
response to the fluié pressure in said motor (16), and;

stop means (8€) slicdably disposed and axially
movable to a pressure force balanced location in said
bore (50) in response to the fluid pressuré in said
motor (16) for limiting axizl movement of said flow
control piston (7C) in a direction toward s&id stop
means (86) and establishing a maximum rate of flow to
be delivered from said motor (16) to said control
valve (14) prior to actustion of the control valve
(14), sald stop means (86) being in continuous
communication with said pressurized fluid in said

motor (16).

2. The flow contrel valve (18) as set forth
in claim "1 wherein said passage (58) extends through
said housing (30) and racially opens into saic bore

(50) .
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3. The flow control valve (18) as set forth

in claim 2 wherein said passace (50) has substantially

‘a keyhole configuration extending in an axial

direction along the bore (50) and in said housing (30).

4, The flow control valve (18) as set forth
in claim 3 wherein said keyhole shaped passage has a
circular end portion (1C2) and a substantially

elongated rectangular end portion (104).

S. The flow control valve (18) as set forth
in claim 1 wherein said bore (50) has a first end (51)
opening from saidé housing (30) and in fluid
communication with said motor (16) and a second end
(53).

6. The flow control valve (18) as set feorth

in claim 5 wherein said piston (70) is disposed in

-said bore (50) adjacent saicé¢ first end (31) and said

stop means (86) is disposed in said bore adjacent said
second end (53), said piston (70) being urged toward
said second end (53) by a first spring (80) and said
stop means (86) being urged toward said first end (51)

by a second spring ($6).

7. The flow control valve as set forth in
claim 6 wherein said f£irst spring (80) is of a
substantially lesser force rate than said second

spring (96).
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8. The flow control valve (18) as set forth
in claim 7 wherein said passage has a keyhole
configuration having a circular end portion (102) and
a rectangular end portion extending axially along said
bore (104), passing through said housing (30) and
opening radially in said bore (50), said circular end
portiod (102) being disposed in said housing (30)
adjacent the first end (51) of said bore (50).

‘9. The flow control valve (18) as set forth
in claim 8 wherein movement of said piston (70) toward
the second end (53) of said bore (50) progressively
closes the circular portion (102) of said passage (58)

prior to any closing of the reectangular portion (104).

10. The flow control valve (18) as set forth
in claim 5 wherein said stop means includes a plunger
(86) having cylindrical head .portion (€8), a stop
surface (90) and a reduced dlameter cylindrical shank
portion (94), said head portion (€8) being slidably

supported in said bore (50).

11. The flow control valve (18) as set forth
in claim 10 wherein said second end (53) of said bore
is connected to and opens in a stepped bore (60)
having a seal (100) disposed therein in sealing

engagement with said stepped bore (80) and saié shank

(94).

12. The flow control valve (18) as se&t forth
in claim 5 wherein said housing (30) is screw
threadably secured in a threaded bore (24) in said
motor (16) and said first end (51) of szid bore (50)
and said passage (58) are disposed in salc notor (16)

and in direct open fluid communication therewith.
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13. A fluid 'operated sytem (10) having a
single acting hydraulic jack (16), a pump (12), a
reservoir (20) and a control valve (14) operatively
connected to said jack (16), pump (12) and reservoir
(20), said control valve (1l4) being selectively
actuatable for controllably directing pressurized

~ fluid from the pump (12) to the jack (16) and from the

jack (16) to the reservoir (20), comprising:

a flow control valve (1l8) operatively
connected between said control valve (14) and said
jack (16) for passing fluid flow directed by said
control valve (14);

a piston (70) operatively disposed in said
flow control valve (18) and movable therein for
controllably regulating the flow of fluid being
directed by said control valve (14) from the jack (16)
to the reservoir (70); )

stop means (86) operatively associated with
said piston (70) and movable in response to fluid
pressure in said jack (16) for establishing a -~
pressure-force balanced location at which the piston
(70) is restrained from movement past said stop means
in a direction toward said stop means (86) and a
maximum rate of flow, from said jack (16), prior to
actuation of said control valve (18) and the passing
of fluid flow is established.

14. The fluid operated system as set forth
in claim 13 wherein said flow control valve (18)
includes,

a housing (30) having a bore opening from
said housing (50) at a first end (51) and a passage
(58) passing through said housing (30) and opening

radially in said bore (50);

RUREA[S
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said piston (70) being slidably disposed in
said bore (50) and axially positionable relative to
said passage (58) between a passage Open and a passage
restricting position in response to the fluid pressure
in said jack (16); and

said stop means includes a plunger (86)
having a head (88) and a shank (94) and being slidably
disposed in said bore (50) and axially positionable
relative to said passage (58) in response toO the fluid

pressure in said jack (16).

15. The fluid operated system as set forth
in claim 14 wherein the fluid pressure in said jack
(16) is communicated to said plunger (86) through said
passage (58) and into said bore (50).

16. The fluid operated system as set forth
in claim 15 wherein said plunger (86) is biased toward
said piston (70) by a second spring (96) and said’
piston (70) is biased toward said plunger (86) by a
first spring (80); said first spring (80) having a
substantially lesser force rate than said second

spring (96).

17. A flow control valve (18), for a fluid
operated system (10) having a motor (16), comprising;

a housing (30) having a bore (50) and a
passage (58) opening in said bore (50), said passage
(58) being connected to said motor (16) to pass
pressurized fluid flow to and from said motor, and

a pair of flow control members (70,86)
slidably disposed in said bore (50) and separably
movable to a nonmodulating position with respect to
said passage (58), in response to a drop in pressure
of fluid flowing through said bore (50) across said

% “Wipo—
iPO A
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passage (58), thereby permitting substantially
unrestricted fluid flow. through said valve (18) to
said motor 16, and said control members (70,86) being
movable together to a flow modulating position with
respect to said passage (58), in response to f£luid
pressure in said motor (16), so that prior to the
initiation of an opposite modulated return flow of
fluid from said motor (16) back through said wvalve
.(18), said flow control members (70,86) are
automatically prepositioned to subsequently establish
a maximum rate of such return flow simultaneously with
the termination of said fluid flow from said valve
{(18) to said motor (16).

18. The flow control valve (18) as set forth
in claim 17 wherein said pair of flow control members
(70,86) includes a piston (70) and a plunger (86).

19. The flow dontrol valve (18) as séﬁ forﬁh
in claim 18 wherein said plunger (86) includes a
cylindrical head portion (88) having a stop surface
(30) and a connecting surface (92) and a cylindrical
shank portion (94) connected to said connecting
surface (92) and extending axially therefrom, said
shank portion (94) and said connecting surface (92)
defines a differential area with said stop surface
(%0).

20. The flow control valve (18) as set forth
in claim 19 wherein said piston (70) includes a
cylindrical body (72) having a head surface (74), a
base end (76) and a cylindrical recess (78) disposed
in said base end (76).
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21. The flow control valve (18) as set forth
in claim 20 wherein said differential area of said
plunger (86) and the head surface (74) and base end
(76) of said piston (70) are in continuous
communication with the fluid in said motor (16).

22. The flow control valve (18) as set forth
in claim 21 wherein said piston (70) is biased toward
said plunger (86) by a first spring (80) and sazid
plunger (86) is biased toward sald piston (70) by a
second spring (96), said first spring (80) being of a
lighter spring rate than said second spring (96).

23. The flow control valve (18) as set forth
in claim 17 wherein said passage (58) has

substantially a keyhole configuration having a
circular end portion (102) and a substantially

elongated rectangular end portion (104), said
rectangular’and circular end portions extend axially
along said bore (58) and open radially through said
housing (30) into said bore (50).

24. The flow control valve (18) as set forth
in claim 17 wherein said motor is a single acting

hydraulic jack (16).

25. The flow control valve (18) as set forth
in claim 17 wherein said piston (70) is axially
positioned in said bore (50) and spaced from covering
said passage (58) in said nonmodulating position and
positioned to overlie at least a portion of said

passage (58) in the flow modulating position.
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26. “The flow control valve (18) as set forth
in claim 21 wherein said plunger (86) moves to an
axial position in said bore (50) in response to the
fluid pressure in said motor (16) acting on the

5 differential area of said plunger (86) for
establishing said flow modulating position at which
said piston (70) abuts said plunger (86) and is
restrained from further movenent toward said plunger
(86).
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