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This invention relates to & flow control valve,
and more particularly to a pressure regulating
and control valve for use in hydraulic fluid
systems. .

An object of the invention is to produce a ta-
pered plug reducing valve of the type useful in
controlling fluid pressure to and from single and
double acting hoists. In this connection the
term “hoists” is used in defining a single or
double acting power cylinder projected and/or
retracted by means of a hydraulic fiuid under
pressure, such as oil. C

A further object of the invention is to con-
struct & fluld regulating the pressure reducing
valve whereby fiuild pressure may be passed
therethrough in an unobstructed manner, where-
by the hoist is rapidly raised, and for controlling
the lowering of the piston, regardless of the
weight of the load being handled, at a uniform
rate of speed. The present flow controlling
valve provides & regulating arrangement which
permits the lowering of any load within the
mte ity of the hoist at approximately a uniform
rate.

_A still further object of the invention is to
provide a flow controlled reducing valve having

-an: adjustable orifice that is maintained at g size

dependent on the flow of fluld therethrough as
the hoist: 1% belfig ‘lowered whereby an automatic
;compensation is secured. for variable loads.

. Fow control valves. of this general character
" have been proposed in the prior art where the
- lowering speeds of the hoist for:variable. weight
1cads have been controlled by throttling, that is,
by having the ‘operator open & line leading from.

_ the hoist to & reservoir, but here the Joad speed:

. 'depends on the travel of the fiuid release or oper-:

sting plunger, and this proposal is-open to the ° -
objection. that the operator may-open the port.
too far for safety of the load being lowered..
Other types of valves of the prior art are’in the

10

15

majority of cases limited to lowering through
a fixed orifice whose size is based on the heaviest : .

load to be encountered. When lighter loads are
used with the above fixed orifice the lowering
" time is increased. This characteristic is unde-
sirable. If the flow of fluid to raise the hoist

i3 also passed through the above fixed orifice’
it will be found that the power requirements for

raising will be higher than if the flow were not
restricted. This too is undesirable. In some
of the prior valves an auxillary passage con-
trolled by a check valve provides unrestricted
flow to the. hoist for raising while §till ‘providing

Iatter undesirable feature, but requires & more
complicated circuit and s multiplicity of parts.
This present valve construction permits a.uni-
form rapid or slow lowering speed regardless of
the weight of the load being lowered, provides
for unrestricted raising with resuiting minimum
power requirements and allows for simplified
construction with & minimum of parts. ,

In addition to the novel features of yalve com-
binstion, the invention includes a valve plunger
per se, which is useful for fiuid control in valves
other than fluid controlling or reducing valves
to which the invention is primarily directed.

In the drawings, ' v

PFigs. 1 and 2 show diagrammatic layouts of

:

the flow control or reducing valve inserted in
single acting and double acting hoist systems;
PFig. 3 is a horizontal section partly in cross-
of the flow control or reducing valve
3—3of Fig. 5;
is a vertical section taken on line 4—4
Fig. 3 in the direction of the arrows;
Mg. 5 is an end plan view showing the ex--
ternal adjusting elements of the valve; and
Tig. 6 is a side elevation showing the valve
pl r per se, and particularly the formation
of the conical-spherical surface formed on one
fluid controlling end of the valve plunger.
In Fig. 1 the present invention is illustrated

“in combination with & fluid flow system includ-

ing a double scting hoist and control  valve,
while in Fig. 2 the invention is shown in con-
nection with a single acting hoist and control .
valve. In both .of these systems it will be ob-
served that the fluid-from reservoir | is drawn

. therefrom by a pump 3 and passed through &
- suitable hydraulic control valve § and thence

through the flow regulating valve 7 which is the
subject of the present invention.  After passing

through the flow control valve 7 the fluid passes

‘to  single acting piston and cylinder arrange-

ment or hoist § or to & double acting hoist ar-
rangement. {1 for lifting and lowering some de-

" sired -object ‘or ‘apparatus. While the present

invention has its broad application in control-
ling the raising and lowering fluid passing to any .

" type of & hydraulic hoist, the invention has found

particular aptitude in controlling the hoists used
on lifting trucks. . .~ - . T :
In Pig. 3 the specific v&lve structure is shown
in detail, Here the flow controlling valve:mem-
ber comprises & casirg 8 having an inlet poxt: 17
connected by suitable fiufd pressure piping to.a
single or double acting control valye . The

for restricted lowering. This eliminates the 8. opposite aide of the flow control valve casing 18
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is provided with a port 18 lendinz to a single or
double acting hoist.

Interiorly of the valve casing 1§ the port 11
leads into an enlarged chamber 21 connected by
o fiuid passage 23 formed in the valve body por-
tion 28 and thence through a right angle passage
21 opening into the port {9 connected to the hoist.
The longitudinal fluld passage 283 joining the
chamber 2! and fluid passage 27 is lined with a
hard metal bushing or ferrule 28. This bushing
has & base diameter very slightly larger than

the maximum diameter of the skirt of the con-

fcal-spherical plug 81 that forms a part of the
valve plunger 30.
The valve plunger is mustrated in detail m
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PFig. 6 and comprises an elongated body having -

a progressively increasing spherical-conical plug
section 3! previously mentioned. The conical-
spherical section 31 of the plug is joined to an
enlarged diameter hollow cylindrical portion 37
by a reduced diameter central extension 39. It
will be observed that-the outside diameter 40 of
the enlarged hollow cylindrical section 37 is
greater than the diameter of the rear edge of the.
conical-spherical portion 3§ of the plunger.
From enlarged view § it will be observed. that
 the conical-spherical plug section 3{f. of the slid-
ing valve is gradually tapered from its forward
curved face portion 38 to its rearward skirt por-
tion 3. The extreme rear diameter of the con-
icgl-spherical plug is very slightly smaller than
the diameter of the hardened orifice bushing 29.
‘The enlarged cylindrical portion 37 is mount-
ed in and adspted to slide within a bore &f
formed in the solid valve body :25. The valve
body 28 is also provided with & second reduced
diameter bore or passage 43 lying in spaced
parallel relation to the plunger-bore 4 snd join-
ing a lateral extension of the main fluid passage

21 adjacent the-port I1. Reduced diameter pas- .
‘sage 43 is fitted with a hardened bushing 45. at.

the end of the passage terminating in a trans-

verse fluld passage 47 which extends between

and joins the bores 41 and 43. The effective di«
ameter of passage 43 is controlled by the position
"of a tapered valve pin 48 positioned in bushing
‘48.and having a shank 49 which is screw thread-
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plunger. Adjustinz screw n s provided with &
lock nut srrangement on its exterior end.

In the operation of either the single or double
acting systems shown in Figs. 1 and 2, when the
fluid control valves 8 are operated to raise the
hoists, hydraulic fluld from the pump is intro-
duced through the port {1 and passes freely
through the valve casing and outwardly to the
hoist through port 19. Fig. 3 shows the posi-
tion of the parts of the flow regulating valve
when the hoist is being raised. Fluid from the
pump 3 passes inwardly through port 17 into en-
larged chamber 2/, through passage 23 and out-
wardly through latcral passage 27 and port (8.
If it so happens that the valve plunger 38 is not
in the fully opened position, as shown in PFig. 3,
the incoming fluid pressure passing through pas-
sage 43 around tapered valve pin 48 into lateral -
passageway 47 and thence into the rear cylin-
drical bore or hollow formed within enlarged
diameter portion 37 of the valve forces the valve
plunger 30 to the right until end 3! abuts the

-screw 63 to maintain fluid passage 23 fully open.

When the control valve B is positioned to lower

_the hoist the -flow of oll through the valve is

reversed. Ofl from the hoist enters the valve

- at port 19, flows through pessages 27, 28 and 21

30

40

* left of plunger 30 by pressure causes a COTITe-

ed through the end of the valve casinig and

terminating exteriorly of the casing in an ad-
justing means and lock nut arrangement as is
conventional in the art.

The outer end of bore &{ is enlarged in di-
ameter throughout the portion extending be-
tween the transverse fluid passage 47 and the
exterior of the valve casing for the reception
of & threaded plug §{ having an adjusting

" .screw B3 extending therethrough and terminat-

ing = exteriorly in an adjusting head and
lock nut arrangement. The inner end of the
adjusting screw 83 bears against the enlarged
head 88 of a guide rod 87 positioned within a
coil spring 8§9. This cofl spring is positioned
within . the hollow of portion 31 of the valve
plunger and is held between the inner end of

. said hollow and the under side of the enlarged’
head 8§ of the gulde rod §1. Tt is obvious that -

by regulating the position of adjusting screw

§3 that the tension of the spring.88 may be read-
ily adjusted to vary the pressure exerted on the
valve plug.  Under the action of this spring the
entire valve plunger is moved to the right until
the end 3! contacts the adjusting stop screw 63
threaded in plug 8§ which in turn is threaded
ato the casing directly behind the end of the

70

- passages 21 and 23.

]

and leaves the valve at port {1, returning to the
control valve § and then back to the reservofr.
The ofl entering port 19 is under pressure due
to the load on the hoist and acts to move plunger
30 to the left because of the differential in area
between portions 31 and 31. This movement is
opposed by spring §8 which has been designed
to take care of any reaction caused by the load
on the hoist acting upon the before-mentioned
differential in area of the ends of plunger 30
up to the full capacity of the hoist. Movement
of plunger 30 to the left causes the conical-
spherical plug 3! to enter passage 23 thereby
causing a resiriction in the flow orifice at the
right end of passage 23. Since the volume of
liquid flowing through an orifice is affected by -
the size of the orifice as well as by the pressure
causing the flow, the longitudinal contour of
plug. 31 is such that a given movement to the

sponding restriction of orifice size so that the
volume of flow through the orifice is & constant
regardless of the pressure causing the flow.  As
8 result of the unique construction of plunger
38 as just described it is possible to have hoists
8 or i1 lower at & constant rate of speed regard-
less of whether they are lightly or heavily load-
ed: 'The construction and operation of this valve
mechanism as already noted assures the flow ori-
fice being wide open during the raising of the
hoist and thus no appreciable restriction to flow
is encountered during this phase of operation.
The purpose of adjusting screw 63 is to con-
trol the initial drop of the hoists by allowing for
adjustment of the initial opening or orifice be-
tween pessages 23 and 2(. It is evident that
when the control valve is positioned for lJowering

_an initia] momentary drop will be experienced

by the hoists until plunger 30 reaches its bal-

_anced. position at which time regulated lowering

will be accomplished. Under ordinary circum-

“stances plunger 30 would be adjusted to the left

by means of screw §3, until a build up in pres-
sure, when the valve is in the ralse position, in-
dicates that a restriction is being created between
The amount of this open-
ing would then determine the amount of initial
drop in the lowering position. Should this drop
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pe too great for existing conditions it can be
lessened by further adjustment of plunger 30 to

she left thus creating & further restriction. It

is evident that when the initial drop must. be

less than normal a build up in pressure will re-

sult in the raise position. ‘While this is not de-
sirable as mentioned previously it may be the
lesser of two evils depending upon conditions.
Use of adjustment screw 63 also allows the pres-
ent valve to operate successfully over & fairly
large range of volume. : : '

The headed rod 51 acts as a guide for spring
59 and also as a stop iimiting the movement of
plunger 38 to the left. ‘This latter function
while not absolutely necessary is an added pre-
caution against overtravel of plunger 30 which
might result in jerky or jumpy lowering of the
hoists by completing shutting off flow through
the orifice. ' '

The rate of speed at which the hoists lower
is governed by the setting of spring 59 which in
“turn is governed by the position of adjusting
screw 53, Turning screw 53 inwardly increases
the tension on spring 59 which decreases the
amount of travel of plunger 80 for any given
pressure in passage 27 thereby increasing the
lowering speed of the hoists by allowing & larger
orifice opening. Turning screw 53 outwardly re-
leases the tension on spring 59, allows plunger
30 to travel farther to the left for a given pres-
sure in passage 21 thus causing a greater re-
gtriction in orifice size which in turn results in
slower lowering of the hoists. ‘

Since passages 4T and 43 are always full o
hydraulic fluid it is evident that any movement
to the left of plunger 30 will cause a displace-
ment of said fluid into passage 21. By govern-
ing the rate of flow of this fluid by means of &
tapered valve pin 48 positioned inside of bush=
ing 4% the speed at which plunger 30 reacts to
the pressure in passage 21 is controlled. Thus
any jumpy or Jjerky action which might result
from sudden impulses or surges is cushioned
with the result that even, steady lowering of the
hoists is obtained. Because the hydraulic fluid
in passage 47 has a definite function when the
hoists are being raised and also when they are
being lowered it is essential that.pin 48 never
entirely close off passage 43 if the valve is to
" function properly. : ]

Iclaim: ’

1. In a fluid pressure flow control valve adapted
to remain fully open to flow in one direction and
to control the rate of flow in the other, a housing
provided with two fluid chambers joined by a
restricted passage, & sliding valve plug controlling
the flow of fluid through said passage, an ad-
‘justable spring loading means engaging and nor-
mally holding said valve plug in open position and
s branch passageway leading from one of sald
chambers to the end of the valve plug engaged
by said adjustable spring means to apply pressure
thereto. - :

9. In s fluid pressure flow control valve adapted
to remain fully open to flow in one direction and
to control the rate of flow in the other, & housing
provided with two fluid chambers, & sliding valve
plug separating sald chambers, & cavity in one
end of said valve plug, an adjustable compression
spring positioned therein normally holding said
valve plug in open position, and & branch pas-
sageway leading from one of the said chambers
to the said valve cavity.

3. In a fluid pressure flow control valve, a hous-
ing provided with ported chambers, & partition
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separating said chambers, sald partition having
an orifice joining said chambers, a sliding valve

member having & slightly tapered conical~

spherical plug controlling the area of said orifice,..
s connecting portion passing through the orifice -

and an enlarged diameter cylindrical portion, 8.

spring behind the enlarged diameter cylindrical
valve portion and normaly holding said valve
plug in open position  whereby fluld may- freely

10 fiow therethrough in one direction, and & re-

stricted fluid passage leading. from one of said
chambers to the rear of said enlarged diameter
cylindrical valve portion.’ :

4. A fluid control valve &s defined in claim 3

18 wherein the said enlarged valve member portion

comprises a hollow cylinder surrounding the said
spring, the inner solid end of said cylinder being
reduced in diameter to form said connecting
portion for carrying the spaced conical spherical

20 valve plug of smaller diameter than the cylin-

drical portion, the maximum dlameter of the
remote end of said tapered conical-spherical valve
plug closely approximating the diameter of said
orifice. :

es 5. An adjustable fiuld pressure reducing valve

comprising & housing, means dividing the hous-
ing into two compartments, the dividing means
having an orifice joining said compartments, &
reciprocating valve plug having enlarged diam-

30 eter end portions and a reduced diameter central
portion, one of sald enlarged end portions con-.

trolling the flow of fluid through said orifice,
said valve plug being normally held in open posi-
tion by & spring engaging one end thereof, means

tension of said spring and a restricted fluid pas-
sage leading from one of said compartments to
the end of said plug engaged by sald spring.

6. A valve as defined in claim 5 wherein the

40 fluid Aow in said fluid passage leading from one . -

of the said compartments to the end of the valve
plug is controlled by a. tapered valve adjustable
from without the valve housing.

7. A valve as defined in claim 5 wherein -one -
4% of the inner adjacent faces of the enlarged end

sections of the reciprocating valve plug is of
greater diameter and frontal area than the other

- of said end sections. .

8. A valve as defined in claim 5 wherein the,
inner face of the enlarged end portion having
. the spring mounted thereagainst is flat and of

greater diameter than the inner face of the ad-

jacent enlarged end portion, said Jatter having

a gradually tapered conical spherical face.

9. A valve as defined in claim 5 wherein the
valve plug bore and the fluid passage leading
from one of the compartments are in spaced
parallel relation. )

10. A flow regulating valve comprising a valve

60 nhody provided with two compartments joined by

an orifice, a reciprocating valve plunger regulat-
ing the flow of fluid through sald orifice, said
valve plunger consisting of an elongated mem-
per having & reduced diameter portion joined to

65 enlarged end portions, the frontal area of one

of sald end portions adjacent the reduced diam-
eter portion being greater than the other, spring
means. normsally holding said valve plunger in
fully open position whereby fluld may freely pass
in one direction around the valve end portion of
lesser frontal area, the pressure of fluld flowing
. in.the opposite direction forcing the valve end

portion of greater diameter to move said valve
_ plunger against the tension of the sald spring

18 means and tend to position the end portion of
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“lesser ‘frontal ares in the orifice

12. A fliow requls

to restrict the

ve
t

b4

t

ting
in fluid communication a

when the said valve is in

10 wherein the

the fluld flow
in claim 8
fluld

pressure causing the

11, A flow regulating valve as defined

10 wherein obe of said compartments 1s in

fluid ‘flow therethrough whereby

-constant regardless of the

is
fluid flow.
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