Nov. 18, 1947.

W. ERNST 2,431,032

FLOW CONTROLLING VALVE MEANS FOR HYDRAULIC MOTORS

Filed April 5, 1943

\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\L \ m/ | 1

7 A7
‘ 25
27

] p—

4~——'____:h58

. : =l [Pe
V\§§\\ s NS ..

N

N

e ‘—23

q1 — 42

Y

~N.

INVENTOR
WALTER ERNST

BY

Gk s Gounlrwein

ATTORNEYS




Patented Nov. 18, 1947

2,431,032

UNITED STATES PATENT OFFICE

FLOW CONTROLLING VALVE MEANS FOR
HYDRAULIC MOTORS

‘Walter Ernst, Mount Gilead, Ohio, assignor to

H-P-M Development Co!

of l_)elaware

rporation, a corporation .

Application April 5, 1943, Serial No. 481,798
(CL 60—52)

10 Claims.

This invention relates to hydraulic machinery.
and, in particular, to hydraulic systems ineclud- ‘
ing a fluid operable reciprocable plunger.,

If, in hydraulic systems of this type, it is desired
to move the plunger at a high speed during a por-
tion of its working stroke and subsequently at
a lower speed during the successive portion of
the working stroke, it was heretofore customary
to provide the cylinder, in which the said plunger
reciprocates, with surge valve means which auto-
matically establish a fluid connection between a
fluid reservoir and the advancing side of the
plunger, to pre-fill the adjacent portion of the
cylinder. The said surge valve is so arranged as
to interrupt the fluid connection between the ad-
vancing side of the said plunger and the fluid res-
ervoir, as soon as the plunger encounters a pre-
determined resistance, In some instances, pre-
filling pumps were heretofore provided for pre-
filling the cylinder in which the fluid operable
plunger reciprocates.
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It is an object of this invention to provide a

hydraulic system of the 'above type, in which,
however, no surge valve means or pre-filling
bumps are required for prefilling the cylinder por-
tion adjacent the advancing side of the working
plunger. :

It is another object to provide a hydraulic Sys-
tem, including a reciprocable plunger having as-
sociated therewith fluid operable advancing and
retracting means, in which, during the initial por-
tion of the working stroke of the said plunger, a
fluid connection is automatically established be-
tween the retracting means and the advancing -
means, while, during the subsequent portion of
the working stroke of said plunger, the said fluid
connection is automatically interrupted.
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.the control means are made ineffective during '

the retracting stroke of the plunger.

These and other objects and advantiges will
appear more clearly from the following specifica-
tion in connection with the accompanying draw-
ing illustrating a hydraulic system according to
the invention,

General arrangement

In general, the hydraulic system according to
the irivention comprises a cylinder having mount-
ed therein a plunger with fluid operable advanc-
ing means and fluid operable retracting means
having a smaller effective area than said ad-
vancing mesans, said advancing and retracting

‘means being provided for  reciprocating - said

plunger. The retracting means is hydraulically
connected with a control valve which, during the
initia] portion of the advancing stroke prevents
the escape of fluid from the retracting means to
an exhaust, while low. pressure responsive means.

is adapted during this period, to 'establish fluid = -

connection between the retracting means and the
advancing means,

When a predetermined pressure has built up
at the advancing means, this pressure actuates
the control means to cause the latter to effect
fluid connection between said refracting means

- and an exhaust, thereby making said low pressure
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It is a still further object of this invention to -

provide a hydraulic system, including a plunger
having associated therewith fluid operable ad-
vancing and retracting means for reciprocating
said plunger, in which low pressure responsive
valve means associated with said retracting means
is adapted, in response to a low pressure acting
thereupon, to effect fluid connection between said
advancing and said retracting means, whereas
control means is associated with the said ad-
vancing means making said low pressure respon-
sive means ineffective and connecting said re-
tracting means with an exhaust when a prede~
termined high pressure acts on said advancing :
means. .
It is still another object to provide a hydraulic’
system as set forth in the preceding paragraph,
in which the low pressure responsive means and
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responsive means ineffective and interrupting
fluid connection between said retracting means
and said advancing means.

Structural arrangement

Referring now.to the drawings in detail, the
structure shown therein comprises a cylinder,
generally designated 1, having & bore 2 in which
is reciprocably mounted a -plunger 3. The
plunger 3 has a piston portion 4 with g large ad-
vancing area § and a smaller retracting area $.
The plunger 3 is provided with a threaded por-
tion T for connection with a member or element
to be contrélled. The right hand portion of the
cylinder bore 2 is connected with a passageway
8 adapted to communicate with a passageway or
channel 9 provided in the cylinder f. The fuid

- communication between the passageway 8. and
" the channel 9 is controlled by & control plunger
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10 of & low pressure valve, which plunger has as- B
sociated therewith a piston portion f{ acted upon
by a relatively weak spring 12. -

The spring 12, which is housed in a spring .cas-
Ing 13, continuously urges the control plunger 10
into closing position, The spring casing {3 com- -
munjcates with a conduit 14 leading into g con-
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duit 5. »
check valve 18, has one end thereof connected to
a 4-way valve, generally designated 1. The
valve 11, which may be of any standard.type, has
connected thereto s conduit 18 leading to the
right hand end of the cylinder bore 2. . Also con-
nected to the valve 17 is a pressure line 19 lead-
ing to the pressure side of a fluid pressure source
20, such as a pump, the suction side of which is
connected through & conduit 21 with a fluid res-
ervoir or tank 22, : ; )

The tank 22 communicates through an exhaust
line 23 with the valve 1. 'The valve “17.is oper-
able by means of the handle 24 so that when the
handle 24 is moved into its upper position, the

19, while simultaneously the conduit 5 is placed

23.

When the handle 24 is moved into its lower po-
sition, the pressure line 19 is brought into fluid
communication with the conduit 15, while simul-
taneously the conduit 18 communicates with the

- exhaust line 23.

The left hand portion of the cylinder bore 2

communicates with a passageway 25 adapted fo

The conduit 15, which comprises a

into fluid communication with the exhaust line

10

4

Therefore, the only way of escape for the fluid

.from the left hand portion of the cylinder bore 2

is through the passageway 25. Consequently, the
fluid acted upon by the retraction area 6 and sub-

-jected to a slight pressure opens the check valve

26 and passes into the channel 8 where 1t acts
upon the control plunger 10.

ZInasmuch as the spring. 12, tending to hold the
control plunger 0 in closed position, is rather
weak, the pressure on the fluid in-the passageway

-8 is sufficient to overcome the thrust of the spring

12 and to move the control plunger-10 toward the

~ right so that fluid communication is established

18
conduit 18 communicates with the ‘pressure line
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communicate with the channel 9. The fluid con- -

nection between the passageway 25 and the chan-
nel 9 is controlled by a check valve:26, The left
end portion of the cylinder bore-2 furthermore

communicates through a bore 27 with a conduit

28 leading to a high pressure valve, generally des-
ignated 29.
through a conduit 30 with the tank 22, comprises
a valve bore 3| having reciprocably mounted

the same effective area. )
The piston portion 34 is acted upon by a rela-
- tively strong spring 35 which continuously urges

30

The valve-29, which is connected =

35
therein g valve member 32. The valve member 32
is provided with two piston portions 33 and 34, of
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the valve member 32 toward the right to thereby.

cause the piston portion 33 to abut the plug 386.
The plug ‘36 is provided with & bore 37 there-
through which communicates with a conduit .38.
The conduit 38 branches out into a conduit 39
comprising an adjustable choke 40 and a conduit
41 comprising a check valve 42. The conduits
39.and 41 then converge into the pilot line 43 com-
municating with the conduit 18. ‘The valve .29 is
furthermore provided with a breather opening 44.

Operation

It may be assumed that all parts occupy. the
position shown in the drawing while the handle
24 occupies its intermediate or neutral position,
in which fluid connection between the pressure

‘between the.passageway 9 and the right hand end

of the cylinder bore 2. It will, therefore, be clear
that, during the initial leftward moevement of the
plinger 3, the fluid expelled from the left-hand
portion of the cylinder bore 2 is conveyed-to the
right hand portion thereof, thereby pre-filling the
latter and speeding up the advancing movement
of the plunger 3.

As soon as, during the leftward -movement of
the plunger 3 the latter encounters resistance, the
pressure in the-left end of the bore-2 drops and
pressure builds up in the conduit 18, which pres-
sure is conveyed through the pilot line 43, the
check valve 42 and the conduit 38 to the right
hand end of the valve bore 31 where it acts upon
the piston portion 33 and causes the valve mem-
ber 32 to move leftwardly against the thrust of
the spring 35. 'In this way, fluid connection. is
established between the conduit 28 and.the con-
duit 30 leading. to the tank 22.  As g result there-
of, the fluid expelled from the left hand portion
of the cylinder bore 2 can escape into the tank
22-and the pressure in the left hand portion of

‘the cylinder bore 2 drops immediately.

In view of the drop in pressure in the left end
of the bore 2, the check valve 26 again moves into
its closing position.. The movement of the con-
trol plunger 10 into its closing position may he

.. effected by the spring 12 but it will be apparent
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line {9 and either of the conduits 15 and 8 is pre~
vented. - In order-to start a working stroke of the -

plunger 3, the operator shifts the handle 24 into
its upper position to thereby connect the pressure
line 19 with the conduit 8, while simultaneously
connecting the conduit 15 with the exhaust line
23. Pressure fluid delivered by the fluid source
- 20 then passes through the pressure line-19, the
valve 1T and the conduit 18 into the right hand
portion of the cylinder bore 2 where it acts upon
the advancing area 5§.of the piston portion 4,
As a result thereof, the plunger 3. moves toward
the left. During this initial-leftward movement
of the plunger 3, which latter, it may be assumed,

does not encounter any resistance during this ini~ -
tial movement, no fluid can escare from the left:

hand portion of the cylinder bore 2 through con-
duit' 28 into the conduit 30 becausé the valve
member 32 prevents such fluid communication.

65
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‘hand ends of the bore 2.

that the closing of the check valve 26 is suffi-
cient hydraulically to isolate the right and left
Therefore, the plunger
3 now performs-its working stroke at a reduced
speed.  If, during this working stroke, slight pres-

sure fluctuations should occur in the pilot line

43, this will not cause a fluttering of the valve
member 32, since the choke 40 maintains a pre-
determined pressure in the conduit- 38 sufficient
to hold the valve member 32 into position for
establishing fluid connection between the con-
duits 28 and 30.

“When the plunger 3 has reached- the desired
end of its leftward movement, the handle 24 is
moved into its lower position, to thereby establish.
fluid connection between the pressure line 19 and
the conduit 15, while simultaneously - effecting
fluid connection between the conduit 8 and the
exhaust line 23.  Consequently, pressure fluid de-
livered by the fluid source 20 now passes through
the pressure line 19, the conduit- 15, check valve
6, conduit-28 and boxe 2T into the-left hand
portion of the cylinder bore 2 where it acts upon
the retraction area 6 and causes the plunger 3
to move toward the right.  The fluid expelled
from the right hand portion of the cylinder bore
2, during-this rightward movement of the plunger

,3, escapes through conduit (8 into the exhaust

line 23 and from there into the tank 22.

It -will be appreciated that as soon as the valve
T has been moved into position for effecting the
retraction stroke of the plunger 3; the pressure

75 in the conduit 38 drops and the spring 35 com-
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mences to return the valve member 32 into the
position shown in the drawing, this being accom-
plished in a, relatively short time, and being effec-
tive to interrupt fluid connection between the

conduit 28 and the conduit 30. - When the plunger-

8 has reached the end of its rlghtward stroke, for
instance the. position shown in the drawing, the.
operator may either reverse the valve 1T in order
to initiate a new stroke of the plunger 3, or the
valve {1 may be moved into. its neutral position
thereby bringing the plunger 8 to a stop. All
parts will then occupy their initial position.

The pressure acting on the retraction area 6

10

of the plunger 3 during the retraction stroke. -

thereof will open the check valve 26.and be con-
veyed into the passageway 9. It will, however,
be prevented from moving the plunger 10 right-
wardly by the pressure conveyed through the
conduit {4 and acting upon the piston portion .

While the invention has been described in con-
nection with a honzontally moving plunger, it
will be clear that the invention may equally well
be applied to a vertically reciprocable plunger.

It is, of course, understood that the present
invention is by no means limited to the partic-
ular arrangement shown in the drawing, but also
embraces such modifications as come within the
scope of the appended claims.

Having thus fully described and ascertained
the nature of my said invention, what I claim

as new and desire to secure by Letters Patent is:

~ 1. In a hydraulic system, a plunger, fluid oper-

able advancing and retracting means associated
with said plunger for reciprocating the same, low
pressure responsive means associated with said
retracting means and responsive to a low pres-
sure acting thereupon to effect fluid connection
between said advancing and said retracting
means, and high pressure responsive means also
associated with said retracting means and oper-
able in response to a predetermined high pressure
acting on said advancing means to connect said
retracting means with an exhaust to make said
low pressure responsive means ineffective.

2. In a hydraulic system, a plunger, fluid oper-
able advancing and retracting means. associated
with said plunger for reciprocating the same, first
valve means associated with said retracting means
and operable in response to a predetermined low
pressure on said retracting means to establish
fluig communication between -said retracting

means and said advancing means, and second

valve means normally preventing fluid communi-
cation between said retracting means and an

exhaust but adapted in response to.a predeter- !
mined high pressure on said advancing means to

establish fluid connection between said retractmg
means and said exhaust. :

3. In a hydraulic system, & plunger ﬂuid oper-
able advancing and retracting means associated
with said plunger for reciprocating the game, a
pressure fluid source for selectively supplying
pressure fluid to said advancing or said retract-
ing means for actuating the same, conduit means
adapted to effect fluid connection between said
retracting means and said advancing means, first

valve means for controlling said fluid connection,’

sald valve means including a spring urged plunger
normally urged into its. closing position for pre-
venting said. fluid connection, and second valve
means associated with said retracting means and
comprising a spring urged valve member :con-
tinuously urged toward position to prevent fluid
communication between said retracting means
and an exhaust, sald valve member also having
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fluid operable means associated therewith in fluid-
communication with said advancing means and. -
responsive. to- & predetermined pressure. to move,
said valve member into position to establish fluid

- communication between said retracting means;

and an exhaust.

4. In a hydraulic system, a cylinder, a dlﬂ‘er-
ential plunger with a small and an opposed la.rger
differential area, said plunger. being reciprocably
mounted in said: cylinder, & fluid pressure source:
for selectively supplying pressure. fluid to one: or-
the other of said differential areas for reclpro—
cating said’ plunger, conduit means adapted ‘to
effect fluid communication between sald. differ-
entlal areas, Jow: pressure responsive valve, means:

’ normally preventing said  fluid communlcation

20

but adapted in response to a predetermined ‘low.
pressure on said small area during the advancing.
stroke of said plunger to effect said ﬂuid com-
munication, and high pressure responsive valve
means normaily. preventing fluid connection be- .
tween said small area and an exhaust but.adapted
in response to a predetermineéd high pressure

“on said larger area to effect said fluid connec-
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tion..

5. In s hydraulic. system, a cylinder, a differ-
ential . plunger reciprocably mounted in said
cylinder, said differential plunger having a large
area and an-opposed: smaller area, a pressure .
fluid source for selectively supplying  pressure
fluid. to said large or to'said smaller. area for re-.
ciprocating said plunger, conduit means adapted
to effect fluld communication between said large
area and said smaller area, valve means for con-
trolling said fluid communication, sald valve
means including a check valve for allowing flow
of fluid from: said smaller. area to said large
area while preventing the flow of fluid in the-
reverse direction, said valve means also including
a spring urged plunger continuously urged to-
ward its closing position in which said fluid com-
munication is prevented, and high pressure re-
sponsive valve means normally preventing fluid
connection between said smaller area and an

5 exhaust buf adapted to efrect said fluid connec-

tion in response to a predetermined pressure:
scting on said large area.

6. In a hydraulic system, a cylinder, a plunger
reciprocably mounted in said cylinder, said -
plunger having associated therewith fluld oper-
able advancing means and fluid operable re-
tracting means, the effective area of said fluid
operable retracting means being smaller than the
effective area of sald fluid operable advancing
means, & fluid source for selectively supplying
pressure fluid. to said advancing means or to
said retracting means, low pressure responsive .
means for establishing fluid connection between
said advancing means and said retracting’ means
in response to. a predetermined low pressure on
said retracting means, high pressure responsive
means. assocla.ted with said retracting means and
adapted in response to a predetermined pressure
on said advancing means to establish fluid con-
nectlon between said retracting means and an
exhaust, and means associated with said low-

© pressure res?onswe means. and operable in re- -
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sponse to the supply of pressure fluid from said:
fluid source to said retracting means for pre-
venting fluid communication between said ad-
vancing means and said retracting means.

7. In a hydraulic system, a/plunger, fluid op-
erable advancing and retracting means associ-
ated with sald plunger for reciprocating. the.
same, the effective area of said advancing mesans
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being larger than the effective area of ‘said re-
tracting means, a fluid pressure source for. se-
lectively supplying pressure. fluid to said “ad-
vancing means or to said retracting means, con-
duit means adapted to.effect fluid communica-
tion between said advancing means and said re-
tracting means, low pressure responsive means
adapted in response to a predetermined low
‘pressure on said retracting means during - the
advancing stroke of said plunger to efféct said
fluid communication, yielding means for contin-

10

uously urging said low pressure responsive means -

into its closing position to prevent said fluid com-
munication, means responsive to the supply of
pressure fluid from said fluid source to said re-
tracting means to convey pressure fluid ‘to said
low pressure responsive means to thereby aid said
yvielding means.in its closing action, and high
pressure responsive means normally preventing
fluid connection between said retracting means
and an exhaust but adapted in response to a pre-
determined - high pressure on said advancing
means for establishing said fluid connection.

8. In a hydraulic system, a plunger, fluid op-
erable. advancing and retracting means associ-
ated with said plunger for reciprocating the
same; the effective area of said advancing means
being: larger than the effective area of said re-
tracting means, a fluid pressure source for selec-
tively supplying pressure fluid to said advanc~
ing means or to said.retracting means, conduit
means adapted to effect fluid communication
between said advancing means.and said re-
tracting mears, low pressure responsive valve
means adapted in response to a predetermined
low pressure on said retracting means during
the advancing stroke of said plunger to effect
sald fluid communication, yvielding means for
continuously urging said valve means into - its
closing position to prevent said fluid communi-
cation, means responsive to the supply of pres-
sure fluid from said fluid source to said retract-
ing means to convey pressure fluid to said valve
means to thereby aid said yielding means in its
closing action, high pressure responsive means
normally preventing fluid connection between
said retracting means and an exhaust but adapt-
ed in response to a predetermined high pressure
on said advancing means to establish said fluid
connection, and check valve means interposed
between said retracting means and said low pres-
sure valve means and adapted to allow the flow
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of fluid from said retracting means to said low-
pressure responsive valve means while prevent-
ing the flow of fluid in the reverse direction.

9. In a hydraulic system, a plunger, fluid op-

. erable advancing and retracting means for re-

ciprocating said plunger, the effective area of
sald retracting means being smaller than the ef-
fective area of said advancing means, a fluid
pressure source for selectively supplying pressure
fluid to said advancing means or to said retract-
ing means, first valve means responsive to a pre-
determined low. pressure on said retracting
means during the .advancing stroke of said
plunger for establishing fluid connection between
sald advancing. and said retracting means, sec-

“ond valve means associated with said retracting

means and normally preventing fluid communi-
cation between said retracting means and an ex-
haust, said second valve means including fluid
pressure responsive means adapted in response

"to a predetermined pressure on said advancing

means to effect said fluid communication, and
control means. responsive to the supply of pres-
sure from said fluid source to said retracting
means for preventing fluid connection between
said retracting means and said advancing means.

10. In a hydraulic system, a reciprocable
plunger having a main area and a differential
area - associated therewith, means for supplying
actuating fluid to said main area or to said gif-
ferential area for reciprocating said plunger,
first valve means normally preventing fiuid com-
munication between: said ‘differential area and
exhaust and operable in response to a predeter-
mined pressure on said main area to connect said

“differential area to exhaust, and a second valve

means normally. preventing fluid communication
between said differential area  and said main
area and operable in response to a predeter-
mined pressure in said differential -area caused
by the supply of actuating fluid to said main area
to effect fluid communication between said areas.

WALTER ERNST.
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