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1

This invention relates generally to hydraulic
apparatus and is particularly directed to a
mechanism which may be positioned in a hy-
draulic system to decrease or eliminate surge due
to the introduction of high pressure fluid into a
line or other part of a hydraulic system con-
taining static fluid. The device will hereinafter
be termed either a surge eliminator or a surge
dampening valve.

One of the objects of the present invention is
to provide a surge eliminator which may be con-
nected in a hydraulic line and which will be
operative to decrease or eliminate the surge usu-~
ally occurring when fluid under high pressure is
introduced into the fluid conductor, the device
being designed to permit substantially unre-
stricted fluid flow through the line after the
danger of the surge has been eliminated.

Another object of the invention is to provide
a surge eliminator or dampening device which
will operate in inverse proportion to the neces-
sity for such a device, in other words, if the
pressure on fluid being introduced into a fluid
conductor is high and one which would create a
great surge in the fluid conductor, the device
will be operative to prevent such surge, opening
slowly until the danger of the creation of a surge
is eliminated and then gradually accelerating in
its opening movement until unrestricted com-
munication between the line leading to the de-
vice and the line leading therefrom is estab-
lished, conversely, if the pressure introduced to
the conductor is low and consequently will cause
a very slight surge, the valve will readily open
to permit substantially unrestricted communica-
tion between the lines leading to and from the
device,

A still further object of the invention is to
provide a surge eliminating device having a body
with inlet and outlet ports and means within the
body to control communication between the inlet.
and outlet ports, such means being controlled in
itself by fluid pressure dependent upon a con-
trast in pressure between the inlet and outlet of
the device.

A further object of the invention is to provide.

a surge dampening valve having a body adapted
for connection in a hydraulic line, the body con-
taining a port-controlling spool which is nor-
mally disposed in communication-obstructing
position and providing a hydraulic cushion for
resisting the movement of the. spool, means
being provided to control the dissipation of the
hydraulic cushion in response to the force ap-
plied to the spool by the fluid pressure intro-
duced to the valve.
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Another objeet of the invention is to provide
a surge dampening valve having a body with
inlet and outlet ports and a spool for control-
ling communication between sueh ports, the
spool being biased toward a closed position and
movable, in response to the introduction of fluid
pressure to the inlet of the: device toward an
open position, the movement being resisted by
fluid to be displaced by the spool, the displace-
ment of the fiuid being controlled by valve means
disposed in the device, the valve means being
operated by a pressure drop caused by movement
of the spool in response to the application of
fiuid to the inlet of the device. If the fluid pres-

. sure is high, the valve will tend to close and

restrict the escape of fluid being displaced by
the movement of the valve spool, causing the
spool to move more slowly. As the spool moves,
it will gradually or progressively exposs ports
through which the fluid may pass from the inlet
to the outlet. and the spool will continue to move
until substantially unrestricted. communication
is established. As the ports are exposed, how-
ever, and the flow of fluid in the line leading
from the device accelerates, the pressures at the
inlet- and outlet of the device gradually become
equalized reducing the danger of the creation
of a surge and permitting the spool to move
more rapidly.

A still further object of the invention is to
provide a surge dampening valve which will be
responsive tc the pressure at the inlet and out-
let ends thereof in such a manner that no
changes or adjustments, other than those occur-
ring automatically in the device itself, are nec-
essary to obtain the optimum rate of opening
under all conditions. .

Another object of the invention is to provide a
surge eliminating valve adapted for incorpora-
tion in a conductor of a hydraulic system to
eliminate the usual surge of pressure when
flizid under pressure is supplied to one end of
the conductor, the valve being so constructed
that when fluid is supplied to the other end of
the conductor or otherwise caused to flow in the
opposite direction therethrough, it will offer
substantially no resistance to the movement of
the fluid.

An object alse, of the invention, is to so con-
struct the surge eliminator mentioned in the
previous paragraphs that it will be small and.
compact, having oppositely disposed inlet and
outlet connections making it suitable for incor-
poration in a fluid line without requiring ex-
traneous support, the device operating to re-
duce or eliminate the surge when fluid pres-
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sure is introduced thereinto and then permit
substantially unrestricted flow when the pres-
sures at the inlet and outlet ends of the device
are equalized, the mechanism further operating
to quickly reset itself automatically for the next
succeeding operation when fluid flow through
the conductor is interrupted.

An objeet also is to provide a surge eliminator
of the type mentioned which will not require a
tank or drain line to render its operation suc-
cessful.

Further objects and advantages of the pres-
ent invention will be apparent from the follow-
ing description, reference being had to the ac-
companying drawings wherein a preferred form
of embodiment of the invention is clearly shown.

In the drawings:

PFig. 1 is a vertical longitudinal sectional view
taken through a surge dampening valve formed
in accordance with the present invention, the
valve shown being capable of permitting fluid
flow in both directions therethrough, the flow
in one direction only being regulated to dampen
or prevent a surge.

Fig. 2 is a similar view of a modified form of
valve in which flow in a single direction only
is permitted, this flow being regulated for the
same purpose.

Fig. 3 is a vertical traverse sectional view taken
through the valve shown in Fig. 1, the plane of
the section being indicated by the line IIT—IIT,

Fig. 4 is a longitudinal sectional view taken
through a surge damping valve of the type shown
in Fig. 1 showing the parts thereof in inactive
positions; ;

Fig. 5 is a similar view showing the parts in th
positions cccupied immediately following the in-
troduction of fluid under pressure into the surge
damping valve;

Fig. 6 is also a similar view showing the parts in
the positions occupied during reverse flow of liguid
through the valve.

Referring more particularly to the drawings,
numeral 20 designates the first form of surge
dampening device shown in the drawings. This
device, as well as the second form of device, shown
in Fig. 2 and which is indicated generally by the
numeral 21, includes a casing 22 formed of two
pieces 23 and 24. The parts in valves 2§ and 2§
are substantially identical and the same reference
numeragls will be used throughout, except, on the
parts that are different. Parts 23 and 24 are pro-
vided with threaded extremities 25 and 25-A to
permit the connection of the device in a fluid con-
ductor. Each extremity 25 and 25-A is formed
with a central bore, the bore 28 in part 23 being
the inlet and the bore 27 in part 24 being the out-
let. Housing parts 23 and 24 are threadedly con-
nected as at 28, a gasket 30 being disposed be-
tween these parts to provide a fluid-tight joint.
Body part 24 has a chamber 31 formed therein,
which is closed at one end by the body section 23.
Both parts 23 and 24 are recessed as at 32 and 33
to receive and locate a sleeve unit 34 which in-
cludes a tubular member 35 and a plug 36, the
latter being formed from square stock, in this in-
stance, and having a projection 37 which is dis-
posed in the tube 35 to close one end thereof.

Plug 36 has a flange which engages this end
of the tube and is disposed in the recess 32 to lo-
cate the number 35. The flanged end of the plug
is transversely slotted several times at right angles
to provide openings 38, which establish communi-
cation between the space in the chamber 3! at
the outside of the sleeve member 35 and the bore
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or outlet 27. The projection 37 seals the end of
the tube 35 and cooperates therewith to provide
a closed end socket 38 the purpose of which will
be hereinafter set forth. Near the opposite end
of tube 35, the side wall thereof is provided with
longitudinally spaced sets of openings 49 which
establish communication between the interior of
the tube and the chamber 3{ at the exterior there-
of. The side wall of the tube is also provided with
registering slots 44 for receiving the end portions
of a pin 42 extending traversely through the
sleeve; this pin also extends traversely through
a spool 43, which is disposed for sliding move-
ment in the sleeve. A coil spring 42-A is ar-
ranged on the outside of the sleeve between the
flange on the plug 38 and the reduced ends of
the pin 42, this coil spring tending to urge the
pin and consequently the spool toward the inlet
end of the device, When the spool occupies its
normal position determined by the engagement
of the pin with the ends of the slots &{, the skirt
of the spool covers the openings 40 and prevents
communication between the inlet and outlet of
the device.

The spool 43 has a central web or wall 44 in
which is formed an orifice 45; a needle valve 48
cooperates with the wall of this orifice to control
fluid flow to and from the socket 3§ through the
orifice. The needle valve 4§ is formed on a mem-
ber 47 having a disk portion 48 which is slidable
in the socket 39 provided in the sleeve 35 between
the spool 43 and the plug 37. The member 47
has a body portion in which a slot 50 is provided,
this slot receiving a transversely extending pin
51, the end portions of which are disposed in reg-
istering openings formed in the wall of spool 43.
A coil spring 47-A disposed between the web 44
of the spool and the end of the bhody portion of
the member 47, normally tends to separate the
spool and the member 47 so that the needle valve
46 will be held spaced from the seat formed by
the walls of the orifice 45 in the web 44. The
spacing of the needle valve and seat is limited by
the pin 5f{. The disk portion of the member 47
has an orifice 52 formed therein, which orifice
provides the only communication between the
socket 35, at one side of the disk 48 and the space
B52A between the member 47 and the spool 43; the
latter space 52A communicates with the chamber
31 through the orifice 45, the interior of the spool
43 and registering openings 53 formed in the spool
42 and sleeve 35.

In the form of the invention shown in Fig. 2,
the spool £3-A has a solid forward end through
which a transverse bore 53-A is formed; this bore
53-A registers with the openings 53 in the sleeve
35 and with them establishes communication be-~
tween the orifice 45-A and chamber 3f. The spool
#43-A is the only part in the form of the invention
shown in Fig. 2 which is different from the cor-
responding parts in the form shown in Fig. 1, al-
though two other parts, about to be described,
are contained in the latter form and are omitted
from the form shown in Fig. 2. These parts are
a poppet valve 54 and a coil spring 59, which is
employed to urge the poppet valve into seated en-
gagement with the spool 43. The poppet valve 54
is reduced in diameter as at 54-A and has a plu-
rality of openings 56, extending angularly there-
through, these openings permitting fluid to flow
through the poppet valve at the reduced portion
thereof, in the operation of the device. Valve 54
is disposed for sliding movement in the body sec-
tion 23 and is chamfered as at 57 for engage-

ment with the end of the valve spool 43, this
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member having a. seat-provided thereon. When
the poppet valve 54 and spool-43 are in engage-
ment, & chamber 58 is: formed in the valve spool
between the end of the poppet valve 54 and the
web-44.

This chamber 58 connects orifice 45 with open-
ings 53, and is in constant communication with
the chamber section 31, the latter being, in turn,
in. communication with the outlet 27. With this
arrangement; the pressure existing in the outlet
2T also exists in chamber section 31, ports 83,
chamber: 58, opening 45 and in the- space $2A
between the web 44 and the member 47, when the
needle valve 46 is open. Under normal operating
conditions; spring 55 maintains poppet valve 54
seated against the spool 43- and permits no flow
from the inlet 26 to the chamber:58. This poppet

54 constitutes a check valve; however, to permit

reverse flow through the device when pressure in
the outlet- end exceeds that in the inlet end.
When flow in this direction takes place, as shown
by arrows in Fig. 6, the fluid enters the device
through. the outlet port 27, flows through the
grooves 38 in the plug 36 to the chamber section
3, then through the ports 53 to the chamber §8.
The pressure of this fluid moves valve 54 to an
open position in opposition to the spring 55 and
the fluid flows between the poppet valve 54 and
the end of the spool 43 to the ports 58, these ports
communicating with the inlet 26 through which
the fluid leaves the body during reverse flow
therethrough.

In the modified form of the invention shown
in Fig. 2, the poppet valve 84 and its spring 55
are omitted, the spool valve 43—A also having the
chamber 58 omitted therefrom. This modifica-
tion does not provide for or permit reverse flow
through the device. Its use is, therefore, limited
to a portion of a hydraulic system, in which fluid
flows in one direction only but the surge dampen-
ing functions are the same in both forms of the
invention.

When either of these devices is utilized it is
placed in a conductor connected with a source of
fluid pressure. This fluid pressure flows into the
device through the inlet 26, its force being applied
through the check valve 54 to the forward end of
the spool valve 43 or 43-A. The force of this
fluid tends to and does move the spool valve to-
ward the outlet or to the right as viewed in Fig.
5 of the drawings, to expose or open the ports 48.
Movement in this direction by the spool 43 or
43-A will start to displace fluid as indicated by
the arrows in Fig. 5 from the socket 39 formed by
the inner end portion of the tube or sleeve 25.
The fluid being displaced must flow through the
orifices 52 and 45 to the chamber 58 and out
through openings 53. Since the orifice 52 is rela-
tively small, it will resist the flow of fluid from
the socket 39 causing the pressure in such socket
36 o increase. - A pressure drop between the inner
and outer ends of the orifice 52 will thus be cre-
ated, the higher pressure being at the inner side
of the disk 48. This higher pressure will tend to
resist movement of the disk 47 and needle valve
46. Further movement of the spool 43 while
movement of the disk 47 is resisted causes the
seat formed by the sides of the orifice 45 to ap-
proach the needle valve thus tending to close
the orifice. This closing tendency will reduce the
flow of fluid from the socket 39 and since fluid
will thus be confined therein, it will yieldably re-
sist inward movement of the spool 43. Since the
movement of spool 43 is resisted, the number of
holes 40 immediately exposed will be limited and,
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6
therefore, the volume of fluid flowing through the
device 20 is likewise limited. This flow-limiting
characteristic is temporary, however, since the
disk 471 is spring-pressed toward the inner end
of socket 38 and the orifice 52 is continually open,
some fluid will fiow from socket 39 to space 52-A
allowing the disk to move in response to.the force
of spring 47-A into the.socket 39 which move-
ment: will permit needle valve 46 to move some-
what: gradually away from the walls of the ori-
fice.45. When this orifice is even slightly open,
some fluid will flow therethrough permitting the
spool 43 to move further into the socket. As the
spool 43 moves into the socket; more of the ports
40 will be progressively exposed to establish addi-
tional communication and permit a greater vol-
ume of fluid flow between the inlet 26 and the
outlet 2T. The rates.at which the spool and the
disk are permitted to move will be controlled,
however, by the difference in pressure between the
inlet and outlet end, so that the degree of com-
munication established between the inlet and
outlet of the device will increase-in inverse pro-
portion. to the pressure of the fluid entering the
inlet 26. If this pressure is high and tends to
move the spool valve 43 suddently, the needle
valve 4§ will move further toward a completely
closed position and movement of the spool will be
retarded. As mentioned above, however, some
fluid will flow through: the: orifice 52 allowing the
needle valve to move away from the orifice 45
and the flow of fluid from behind the spool 43;
the spool will be permitted to move inwardly in
the socket 39 gradually. In the device, as con-
structed, the rate of movement of spool 43 de-
pends upon four conditions. three of which are
fixed, one fixed condition, is the area of the disk
48, another is the area of orifice 52, another is
the force of spring 47-A. The fourth and variable
condition is the differential in pressure between
the inlet and outlet ends of the device. As long
as the pressure drop through the orifice 52 re-
mains unchanged spring 47-A will balance the
force tending to close needle valve 46 and the flow:
past the valve will be uniform causing uniform:
movement, of spool 43. It is important to the
operation of the device that the leakage from
socket 3§ be parallel to the flow through the ori-
fice 45 so that it will not affect such operation.
As long as the tctal of the leakage and the flow
through orifice &5 is insufficient to affect the
pressure differential through orifice 52, the leak-
age will be unimportant. It will be observed that
as the ports 40 are exposed, fluid will flow directly
from the inlet to the outlet permitting the pres-
sures in these two regions to approach equaliza-
tion. As the inlet port pressure and the outlet
port pressure approach equalization, the spool
will move further to the right exposing additional
ports ang providing for full flow through the de-
vice.

As shown in both forms of the invention, the
spring 47-A is arranged between and supported
by the spool 43 and part 47; the latter will offer
resistance to the flow of fluid through the device
only while the spool 43 is moving toward an open
position or when there is g differential in pres-
sure between the inlet and outlet end of the cas-
ing. As soon as the inlet and outlet pressures are
equalized, spring 47-A has no effect on the flow
and the only resistance thereto will be offered by
the spool 43 under the influence of spring 42-A.
The spring 42-A, however, is relatively weak and
will, therefore, offer a minimum of resistance to
the flow of fluid through the device. :It will be



2,690,762

7

observed from the drawing that several sets of
openings 40 are provided, these being spaced lon-
gitudinally of the device to be progressively ex-
posed as the spool 43 moves into the socket formed
by the sleeve-like partition 35.

One feature of the invention is that the valve
formed in accordance therewith provides for a
gradually accelerated flow from the inlet to the
outlet. This flow will be substantially unre-
stricted after the necessity for the dampening
effect is reduced and will remain unrestricted as
long as fluid continues to flow through the valve.
As soon, however, as flow is interrupted, the valve
will be quickly reset to its original position ready
to prevent a surge when fluid flow through the
conductor is again initiated. As the valve is con-
strueted, it will be responsive to the pressures in
the inlet and outlet ends in such a way that no
changes or adjustments are necessary to obtain
the optimum rate of opening under all condi-
tions. It has been pointed out that the rate of
opening of the valve will be slower if high pres-
sure is applied to the inlet than if a low pressure
is applied thereto. This feature of operation is
due to the hydraulic unbalance of the needle valve
and its supporting member. When pressure is
applied to the inlet of the device, this pressure
will be effective over the end of the valve spool
43. The force of this pressure will tend to move
the valve spool into the socket provided by the
sleeve-like partition 35 and the pressure in this
socket will build up to equal the pressure in the
inlet. This pressure is effective over the entire
inner area of the disk 48 and is substantially bal-
anced on the opposite side of the disk, except for
the portion of the needle valve which is exposed
to the area of the orifice 45; this area is exposed
to the pressure existing in chamber 58, which
is substantially equal to the outlet port pressure.
There will thus be a force applied to the disk
which tends to close the needle valve 46. If this
force is less than the force exerted by the spring
47-A, the needle valve will remain open permit-
ting some fluid to flow through the orifice 45; the
spring 47-A has been so calculated that it will
exert a force greater than the force tending to
close the valve under all normal operating con-
ditions. Since there will, therefore, always be
some flow possible through the orifice 45, spool
43 will be capable of commencing to move to-
ward an open position when fluid pressure is ap-
plied to the inlet. When the fluid pressure is
high, however, the effective force of spring 47-A
will be less than when the inlet port pressure is
lower and needle valve will move closer to a
closed position to further restrict flow through
orifice 45. The volume of fluid flow through ori-
fice 45 will, therefore, depend upon the difference
between inlet and outlet port pressure; if this
pressure difference is slight the volume of fluid
flowing through the port will be greater permit-
ting the spool 43 to move at a faster rate. It will
thus be seen that the rate of opening of the valve
will be in inverse order to that of the pressure dif-
ferential existing between the inlet and outlet
ports.

‘While the form of embodiment of the present
invention as herein disclosed constitutes a pre-
ferred form, it is to be understood that other
forms might be adopted, all coming within the
scope of the claims which follow.

What is claimed is:

1. A surge dampening device comprising a body
with an internal chamber and inlet and outlet
ports communicating therewith; a valve element
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8

disposed for movement in said chamber to con-
trol communication between said inlet and outlet
ports; means yieldably urging said valve element
toward a position in which communication be-
tween said inlet and outlet ports is prevented, a
higher pressure in said inlet port than in said
outlet port tending to move said valve element in
opposition to said urging means to a position
providing for communication between said inlet
and outlet ports; a second means for controlling
the movement of said valve element toward open
position, said second means having a second fluid-
receiving chamber disposed to have fluid dis-
placed therefrom by movement of said valve to-
ward open position; means forming a normally
open passage between said second fluid-receiving
chamber and said outlet; a valve seat in said
passage; and a valve normally spaced from said
seat and disposed for movement toward the same
to close said passage in response to a higher fluid
pressure in said second chamber than in said
outlet.

2. A surge dampening device comprising a body
with an internal chamber and inlet and outlet
ports communicating therewith; a spool valve
disposed for movement in said chamber to con-
trol communication between said inlet and out-
let ports; means yieldably urging said spool to-
ward a position in which communication between
said inlet and outlet ports is prevented, a higher
pressure in said inlet port than in said outlet port
serving to move said spool in opposition to said
urging means to a position providing for com-
munication between said inlet and outlet ports;
means for regulating the rate of movement of
said spool toward open position having a second
chamber to which inlet port pressure is transmit-
ted; a passage leading from said second chamber
to said outlet; means in said passage forming
a valve seat; a metering valve disposed for move-
ment toward and away from said seat to control
fluid flow from said second chamber; and a piston
element in said second chamber for actuating said
metering valve, said piston element forming an
orifice in said passage to create a pressure dif-
ferential on opposite sides of said piston and im-
part movement thereto.

3. A surge dampening device comprising a body
with an internal chamber and inlet and outlet
ports communicating therewith; a spool valve dis~
posed for movement in said chamber to control
communication between said inlet and outlet
ports; means yieldably urging said spool toward
2 position in which communication between said
inlet and outlet ports is prevented, g higher pres-
sure in said inlet port than in said outlet port
serving to move said spool in opposition to said
urging means to a position providing for com-
munication between said inlet and outlet ports;
means for regulating the rate of movement of said
spool toward open position having a second cham-
ker to which inlet port pressure is transmitted by
said spool; a passage leading from said second
chamber to said outlet, said passage having a
valve seat formed therein; valve means supported
for movement toward and away from said valve
seat independently of said spool to eontrol fluid
fiow through said passage; spring means tending
to urge said valve means toward an open position,
and means responsive to a greater pressure in
said second chamber than in said outlet to move
said valve means toward said seat in opposition
to said spring means.

4. A surge dampening device comprising a body
with an internal chamber and inlet and outlet

!
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ports communicating therewith; a spool valve
disposed for movement in said chamber to con-
trol communication between said inlet and outlet
ports; means yieldably urging said spool-toward
a position in which communication between said
inlet an:d outlet ports is prevented, a higher pres-
sure in said inlet port than in said outlet port
serving to move said spool in opposition to said
urging means to a position providing for com-
munication hetween said inlet and outlet ports;
means for regulating the rate of movement of
said spool toward open position having a fluid-
receiving socket at one end of said .spool; an ori-
fice in said spool communicating with said outlet,
movement of said spool toward an copen position
serving to exhaust fluid from said socket through
said orifice; a disk having a second orifice dis~
posed for movement in said socket; a needle valve
supported by said disk adjacent the orifice in said
spool; and resilient mae: 15 tending to move said
disk to withdraw said needle valve from said
orifice.

5. A surge dampening device comprising a body
with an infernal chamber and inlet and outlet
ports communicating therewith; a ported sleeve
dividing said chamber into inlet and outlet sec-
tions; a spool disposed for movement in said
sleeve to control communication between said
sections; means yieldably urging said spool! to-
ward a position preventing communication be-
tween said sections, said spool moving in opposi-
tion to said urging means in response to the in-
troduction of fuid pressure to said inlet; and
means for regulating the rate of movernent of said
spool having a fluid-containing chamber; a mov-
able partition having an orifice dividing said
chamber into inner and intermediate pressure
zones, the latter being between said spool and
sald partition; a wall in said spool having a port
to connect said intermediste pressure zone with
sald outlet chamber section; and a normally open
nezdle valve carried by said partition to control
fiuid flow through the port in said wall,

§. A surge dampening valve comprising a body
with an internal chamber and inlet and outlet
ports; a sleeve-like partition dividing said cham-
ber into inlet and outlet sections communicating
with said inlet and outlet ports respectively, said
partition having ports establishing communica-
tion between said sections, said sleeve-like par-
tition providing a socket communicating with the
outlet section cf said chamber; a spool member
disposed for movement in said socket to govern
fluid flow through the ports in said sleeve; means
tending to -urge said spool outwardly of said
socket, said spool being moved inwardly in said
sockst and displacing fluid therefrom in response
to a diffevential belween inlet and outlet port
pressuve; and means for controlling the displace-
meny of fluid from s2id socket by the movement
of the spool thersinto, said means having a needle
valve and pressure differential creating means for
actuating said needle valve.

7. A surge eliminator comprising a body with
an internal chamber and inlet and outlet ports;
a slesve-like partition dividing said chamber into
inlet and outlet sections communicating with
said inlet and ouilet ports respectively, said par-
tition having ports establishing communication
between said sections, said sleeve-like partition
providing a socket communicating with the out-
let section of said chamber; a spool member dis-
posed for movement in said socket to govern fluid
flow through the ports in said sleeve; spring
means yieldably urging said spool outwardly- of
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said socket, said spool being moved inwardly in
said socket and displacing fluid therefrom in re-
sponse to inlet port pressure; means for con-
trolling the displacement of fluid from said sock-
et by the movement of the spool thereinto, said
means having a needle valve; means tending to
urge said needle valve toward an open position;
and a disk with an orifice between said spool
and the inner end of said socket, said disk and
said needle valve being connected for movement
in ‘unison.

8. A surge eliminator comprising a body hav-
ing aligned inlet and outlet ports and an internal
chamber; & sleeve-like partition dividing said
chamber into inlet and outlet sections commu-
nicating with said inlet and outlet ports respec-
tively, said inlet section being closed at one end
and communicating with said outlet section
through spaced ports provided in said partition;
2 spool member disposzd for movement in said
inlet section to control fluid flow through said
spaced ports, said spool and partition providing
a passage with an crifice establishing communi-
cation between the closed end of said section and
said outlet section; means resiliently urging said
spool toward a position to close the ports in said
partition, said spool being exposed and respon-
sive to inlet port pressure to move in opposition
to said resilient urging means to open said ports;
means responsive to the difference in inlet and
outlet port pressures for controlling the flow of
fluid through the passage provided by said spool
and partition, said means having a needle valve
for cooperation with said orifice; and a disk mov-
ably supporting said needle valve, said disk being
disposed in the closed end of said inlet section
between the specol and the inner end, the opposite
sides of said disk having areas exposed to un-
equal pressures when differences between inlet
and outlet port pressures exist, such unequal
pressures serving to hydrostatically unbalance
said disk.

9. A surge eliminator comprising a body hav-
ing -an internal chamber and inlet and outlet
ports communicating therewith at opposite ‘ends
of the body; a tubular partition dividing said
chamber into inlet and outlet sections communi-
cating with said inlet and outlet ports respec-

- tively, said tubular partition being closed at the
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end remote from said inlet port; spaced ports in
said partition adjacent the end proximate to said
inlet pori, said spaced ports establishing com-
munication between said inlet and outlet cham-
ber sections; a spool member disposed for sliding
movement in said tubular partition; spring
means normally urging said spool member into
a position to block the spaced ports in said par-
tition, one end of said spool member being ex-
posed to inlet port pressure and the other end
being spaced from the closed end of said tubular
partition to provide a pressure chamber; a pas-
sage formed in said spool and partition to con-
nect said pressure chamber and said outlet sec-
tion; an orifice in said passage; a needle valve; a
disk-like piston disposed for movement in said
tubular partition between the closed end thereof
and said spool member, said piston supporting
said needle valve for movement toward and away
from said orifice, said piston having a second
orifice; and spring means between said spool
member and piston, said last-named spring tend-
ing to move said needle valve away from said
first-mentioned orifice.

10. A surge dampening valve comprising a body
with inlet and outlet ports; a normally closed
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valve in said body for controlling communica-
tion between said ports, said valve being mov-
able toward open position by the application of
fluid pressure to said inlet port; a fluid contain-
ing chamber in said body, movement of said
valve toward open position displacing fluid from
said chamber; flow control means for governing
the displacement of fluid from said chamber,
said means having a flow restrictor to create a
pressure drop on the fluid flowing from said
chamber; and a second valve movable relative to
the first mentioned valve and responsive to such
pressure drop to restrict fluid flow from said
chamber.

11. A surge dampening valve comprising a
body with inlet and outlet ports; a normally
closed valve in said body for controlling com-
munication between said ports, said valve being
movable toward open position by the application
of fluid pressure to said inlet port; a fluid con-
taining chamber in said body, movement of said
valve toward open position displacing fluid from
said chamber; a passage between said chamber
and one of said ports; flow control means in said
passage, said flow control means having flow re-
stricting means to cause a pressure differential
on fluid flowing from said chamber through said
passage; and a second valve movable relative to
said normally closed valve and responsive to such
pressure differential to restrict the flow of fluid
through said passage.

12. A surge dampening device comprising a
body with inlet and outlet ports; a normally
closed valve in said body for controlling commu-
nication between said ports, said valve being
movable toward open position by the application
of fluid pressure to said inlet port; means for
controlling the rate of opening movement of said
valve, said means having a fluid-receiving cham-
ber; a single restricted outlet leading from said
chamber, movement of said valve toward an open
rosition tending to increase the pressure on the
fluid contained in said chamber; and a valve ele-
ment disposed for movement in said chamber in-
dependently of said first-mentioned valve and
responsive to the pressure of the fiuid in said
chamber to reduce the size of said restricted
outlet.

13. Surge dampening means comprising a body
with an internal chamber and inlet and ouflet
ports communicating therewith; a spool valve
disposed for movement in said chamber to con-
trol communication between said inlet and outlet
ports; means yieldably urging said spool toward
a position in which communication between said
inlet and outlet ports is prevented, a higher pres-
sure in said inlet port than in said outlet port
serving to move said spool in opposition to said
urging means to a position providing for com-
munication between said inlet and outlet ports;
means for regulating the rate of movement of
said spool having a passage within said body
through which fluid is forced by the movement
of said spool valve toward open position; a valve
seat in said passage; a second valve movable rela-
tive to said spool valve and cooperating with said
seat to control fluid flow through said passage;
means for actuating said second valve having a
piston and a restricted orifice forming part of
said passage and establishing communication be-
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tween opposite sides of said piston, the latter
being responsive to an excess in pressure on the
side thereof remote from said seat caused by
fluid flow through said orifice to move said valve
toward a closed position; and yieldable means
for urging said vaive actuating means toward a
valve opening position, the approach toward an
equalization of pressure in said inlet and outlet
serving to permit opening movement of said sec-
ond valve.

14. A surge dampening valve comprising a
body with inlet and outlet ports; a normally
closed valve in said body for controlling commu-
nication between said ports, said valve being mov-
able toward open position by the application of
fluid pressure to said inlet port; flow control
means for governing the rate of movement of said
valve toward open position, said flow control
means having a chamber and a single restricted
passage leading therefrom, movement of said
normally closed valve toward open position caus-
ing fluid flow from said chamber through said
restricted passage to create a pressure differen-
tial in said passage; and a second valve in said
passage movable relative to said normally closed
valve, said second valve being responsive to such
pressure differential to restrict the flow of fluid
from said chamber concurring with and depend-
ent upon movement of said normally closed valve
toward open position.

15. A surge dampening valve comprising a
body with inlet and outlet ports; a normally
closed valve in said body for controlling commu-
nication between said ports, said valve being
movable toward open position by the applica-
tion of fluid pressure to said inlet port; means
for controlling the rate of opening movement of
said valve, said means having a fluid containing
chamber; a wall member disposed for sliding
movement in said chamber, movement of said
normally closed valve toward open position fend-
ing to move said wall member and increase the
fluid pressure in a part of said chamber; a single
outlet leading from said chamber, said outlet
being restricted; and a second valve movable in-
dependently of said normally closed valve and
cooperating with said restricted outlet to con-
trol fluid flow from said chamber, said second
valve being actuated by said wall member in re-
sponse to fluid pressure in said part of said cham-
ber to reduce the effective size of said restricted
outlet.
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