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This invention relates to a delivery valve for
hydraulic systems in which a line is periodically
bassed by quantities of fiuid under high pressure.
Such a system is, for instance, the conventional
feeding system of an internal combustion engine
of the injection type in which fuel under high
pressure is supplied by a metering pump to' the
injection nozzle of a cylinder of the engine. In
my co-pending application Serial No. 409,663 N
filed September 5, 1941, I have more explicitly
explained certain pressure oscillations occurring
in the conduit of such a system between the fuel
pump and the nozzle and causing harmful sec-
ondary and even tertiary injections as a reaction
to the abrupt closing of both the nozzle and the
delivery valve of the pump, and T have disclosed
in that application a new delivery valve with the
aid of which such oscillations can be avoided.
However, the valve according to that application
is useful for the indicated purpose and with the
desired result only if a by-pass is open in connec-
tion with the pump or between the pump and the
delivery valve immediately after the end of the

feeding period. Contrary thereto, the present in-

vention contemplates the provision of a valve
whereby the aforementioned pressure oscillations
can be avoided or at least minimized regardless
of whether or not there is a by-pass in connection
with the pump or other source supplying the fluid
under high pressure, T
The invention consists of a delivery valve which
embhodies a by-passing means for the line to
which the valve is connected, wherein said by-
passing means is operative during the closing

period of the valve to relieve the associated line 3

froem high pressure. . . :
The invention further contemplates the pro-
vision and consists of means whereby a valve in-
serted intermediate the ends of g line and open-
ing in response to a predetermined value of fluid
pressure originating from' the one line end is

operative during the closing of the valve owing’

to a pressure drop in the branch from whose end
the pressure originates to relieve both line
branches, at least partly, of the pressure remain-
ing therein. ’

Other details and objects of the invention will’

be apparent from the description given herein-
after and the accompanying drawings illustrating
embediments thereof by way of example,

In the drawings, :

Fig. 1 is a longitudinal cross-section of an em-
bodiment of the invention, applied to a line be-
tween a pump and a nozzle, both shown in g
diagrammatical manner, o
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Figs. 2 to 4 are diagrams showing the valve
poppet in different positions, respectively.

Fig. 5 is a longitudinal cross-section of another
embodiment, )

Fig. ba is a sectional view of -the poppet of
Fig, 5.

Fig. 6 is a cross-section along line 6—§ of
Fig. 5. ' '

Fig. 7'is a longitudinal cross-section of a third
embodiment, and '

Fig. 8 is a cross-section along line 8-—8 of Fig. 1.

Referring now to the drawings, the Mustrated
valve comprises a substantially cylindrical hous-
ing 1 which is open at its top and provided with
an internal threading 2 in its upper portion. 'The
housing has two projecting sockets 3 and 4.
Socket 3 extends axially downward, and socket 4
projects laterally of the housing. Both are suit-
ably shaped for the attachment of g pipe or con-
duit- and, for this purpose, are provided with
external threadings 6 and 7, respectively, and
with bores 8 and 9, respectively. The bore 8§ of
socket 3 opens in the bottom surface 10.of the
interior of the housing, and bore 9 communicates
with an annular space 5 between the inner hous-
ing wall and a plug-like headed body 1i. Body
{1 comprises an upper externally threaded por-
tion 12 and a cylindrical portion | 3, the lower
face. of which seats tightly on the bottom face
18 when the body is screwed with a tight fit into
the threading 2 of the housing. The diameter
of the portion 13 is smaller than the inner diam-
eter of the housing so as to form the aforemen-
tioned free annular space 5. The head 14 of
body {1 is hexagonal for application of a wrench
when the parts are to be asserbled or disas~
sembled, and a third socket {5 with external
threading 16 projects axially from the head 4,
The body 11 is provided with an axial bore 11
with an extension 18 of smaller diameter reach-~
ing upward approximately as far as the head 14.
Ancther hore 19 passes slantingly through body
portion 12 from space 5 upward so that it inter-
sects the edge of the bottom 28 of the bore ‘ex-
tension 18, and that a small port 30 exists be-
tween the bores 18 and 189, There is also a third
bore 21 arranged laterally of bore 17T and closed
at its lower end by the bottom surface 10 of the
housing, - The upper continuation 22 of bore 21
opens in the top of socket 15, Two spaced pas-
sages 23 and 24 at a distance from surface (0
connect bore {1 with bore 21. Bore §7 constitutes
2 cylindrical chamber in which the valve poppet
25 issmovable. The latter is shaped as a plunger
with a rod 26 slidingly engaging in extension 18,
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The lower plunger edge is chamfered at 21, so,
however, that a central bottom face 28 can seat
on surface 10 and close the bore 8 in socket 3.
In this position of the plunger, chamfer 21, sur-
face 10 and the inner wall of chamber (1 form
a ring space 29 of triangular cross-section. The
upper edge 31 of the chamfer and the upper edge
32 of the plunger are controlling elements to
close and open the passages 23 and 24 in a pre-
determined relationship as it will be explained
hereinafter. Between plunger 25 and the top
shoulder 33 of the chamber {1 a compression
spring 34 is inserted tending to urge the plunger
downward on its seat. The plunger rod has a
bore 35 forming a knee 36 in the plunger body
and opening in the chamfer 27 so that there is
a connection between space 29 and the top por-
tion of the extension 18 of chamber |17 when the
plunger is on its seat. If, however, the plunger
is in its upper end position, the top face 37 of the
rod 26 bears upon surface 20 so that the top end
of bore 35 is closed. ’

In order to explain the operation of the valve
it is shown connected with its socket- 3 to the

delivery port 40 of a metering pump 41 by means .

of a pipe 42, with its socket 15 to a nozzle 43 by
means of pipe 44 and with its socket 4 to a fuel
storage tank 45 by means of pipe 46. The pump
41 receives the fuel from tank 45 through a con-

duit 47 and an inlet valve 48. 'The pump chamber .

49 is equipped with a relief valve 50 returning
excess fuel to the tank 45, and, the plunger 5i
is provided with a channel 52 which temporarily
connects chamber 49 with delivery port 40 in the
course of the plunger movement. The nozzle 43
shown attached to a cylinder head 53 comprises
a needle valve 54 which can be lifted against the
restraint of a strong spring 55 when the fuel en-
tering through the channel 56 exercises sufficient
pressure on the annular face 57 of a piston 58,
integral with needle 54, so that the fluid can
enter the cylinder 53 through orifices 589. '

In Figs. 2 to 4 a valving element V is shown
diagrammatically in connection with bore 8.
This is done in order to indicate in Figs. 2 and 3
that the conduit from the pump 41 to the delivery
valve is open, and in Fig. 4, that the conduit is
closed. :

Assuming that the movable parts of the system
are in the position illustrated in Fig. 1, no flow
occurs from the pump 41 to the cylinder 53 be-
cause all valving elements are in closed position.
Port 40 of the pump is shut by the plunger 51 ; the
valve poppet 25 is on its seat 10; and the iniector

needle 54 is urged down by spring 55, Only the :

ring space 29 of the valve is in communication
with the tank 45 through the bore 35 in the pop-
pet 25 and its rod 28, bores I8 and 19, ring space
5, bore 9, and pipe 46. Similarly, the pipe line
44 between the valve and the nozzle is in con-
nection with the bore 17T throtigh the lateral con-
duit 21 of the valve, and passage 24. When, now,
owing to the movement of the pump plunger 5i,
channel 52 registers with port 40, fluid from pump
chamber 49 will be forced through channel 52
and port 40 into the pipe 42. Consequently, an
abrupt rise of pressure occurs underneath poppet
25 which will be lifted from its seat {0 against
the restraint of the spring 34. However, no ma-
terial flow can set in through the valve to the
nozzle 43 during the first portion of the move-
ment of the poppet because the latter still bars or
obstructs, at least partly, the entrance of passage
23 as clearly shown in Fig, 2 illustrating the pop-
pet in a medium position. Only some fluid can
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escape from underneath the poppet through the
bore 35, port 30, and the other parts of the drain
leading back to the storage tank 45, while simul-
taneously, fluid from chamber 1T whose volu-
metric capacity is decreased by the 1ift of the
poppet, will be expelled through passage 24 into
the line leading to the nozzle 43. In the mean-
time, the pressure in pipe 42 acts not only on the
central bottom face 28 but also on the remainder
of the poppet cross-section. This pressure ac-
celerates the movement of the poppet which in
a very short time reaches its top position shown

.in Fig. 3, in which the upper end of rod 26 abuts
‘against face 20 of bore 18 thus closing the port 30

and the drain conduit 19. The lifting of the
poppet to its end position is also assisted by the
dynamic pressure built up by the increasing flow

‘through the valve. During this period, passage
24 has also been closed whereas passage 23 has

been completely opened owing to the movement
of the control edges 82 and 31, respectively, which
are spaced for this purpbose a distance equal to
that between the centers of the passages 23 and
24. With the poppet in its top end position, full
line pressure prevails in the pipe 44 and nozzle
43 with the effect that needle 54 is Iifted and
fluid will be injected through orifices 59.

When, now, the plunger 51 of pump 4! con-
tinuing its upward stroke, closes port 48, a pres-
sure drop will occur in the whole system causing
spring 55 of the nozzle to urge needle 54 on its
seat so that the line from the pump to the nozzle
is closed at both ends, Consequently, the flow
through the valve stops, and, although the pres-
sure in the line is still high, it has become static
underneath the poppet and insufficient to hold
the poppet in its top position. In consequence,
the poppet begins to drop, thereby opening the
port 30. Simultaneously, however, also passage
24 begins to open, so that, as illustrated by Fig. 4,
on the one hand the fluid under the remaining
pressure in the pipe 44 can enter chamber 11 to
increase the pressure urging the poppet downward
while another portion can escape through pas-
sage 23 and bore 35 into the drain conduit con-
stituted by bore {9 and from there to the tank
45, On the other hand, the pressure remaining
in pipe 42 will be relieved also through bore 35
and its communication with the drain conduit.
It will be apparent that this line pressure relief
takes place practically instantaneously because
only minute quantities of the fluid need to escape
ir order to drop the pressure. Hence, when the
poppet has once started its downward movement,
it will continue this movement until it is seated
on surface {0. In more general terms, it may be
said: When, according to communication of the
pump chamber with the valve inlet, pressure act-
ing on the poppet rises beyond the predetermined
opening pressure, the valve will open abruptly
against the restraint of the spring. Simul-
taneously, the pressure will be built up in the
conduit between valve and nozzle owing to the
opening of the communication between that con-
duit and the inlet, and assisted by the decrease -
of the volumetric capacity of the chamber above
the piston whereby fluid will be expelled into the
conduit. The nozzle will open and the flow
through the valve established when the pressure
value in the conduit is higher than that for which
the nozzle is set. As soon as the pump discon-
tinues delivering fluid, a slight pressure drop
causes the poppet to begin its downward move-
ment, thereby opening the drain and simul-
taneously connecting the nozzle conduit to the
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‘space ‘on"top of wthe :poppet with ‘the €ffeit that
“the difference in ipressure above and:below ‘the
-poppet:will’be greatly increased:so as o abruptly
-¢lose tite wvalve,-and withthe further effect that

-the:pressure’in -the line ‘bétween :the valverand .

‘the-nozzle will-be sufficiently-decreased:to prevent
“crests:of pressureioscillations:from reaching ‘the
‘value-at ‘which *the nozzle would:-open- again -for
‘a‘secondary injection.

"The ‘embodiment ' of “the -inverition ‘illustrated
‘in-Figs."5:and- 6:operdtes in 4 ‘siniilar manner. "It
‘comprises- a substantially-cylindrical thousing ‘60
“with an -axial chamiber 61 -having g, bottom - 62.
‘The‘top end of ‘the:¢hamber:is of-a’ larger: diam-

eter so as to form-a shotlder:63,and ‘has-an: in- -

“ternal ‘threading %4. "The “housing is -‘provided
“with ‘three -‘externally ‘threaded sockets 65, 166,
:and ‘67 for the attachment of ‘connecting ‘pipes.
"The first-named socket ‘projects ‘axially ‘down-

‘wardly, whereas the ‘two:others are laterally ‘ar- .

Tanged. ‘Sockets65-and 66 have'straisht bores 68
-and 69, respectivély, which open ‘into the'¢chamber
“61,7s0°as to constitute:ports 10 and 1. ~Similarly,
socket 67 has “a “bore 72 -which, however, is
‘branéhed :so ‘as‘to .form ‘two ‘ports ‘13 ‘and 14 of
‘the chamiber61( on different levels. "The chamber
‘has two further ports ‘84 and 95 connected “to
‘each-other by a conduit 78 ‘provided in:the -wall
of ‘the housing 60. -A hollow headed plug 11 'is
‘screwed ‘into the threading 64 so as to ‘bear: on
‘the shoulder 63 and to project ‘with'its lower-end
‘tightly fitting into chamber-61, "The’ bottom face
‘18 of ‘the ‘plug ‘forms an -abutment for a -piston
‘or ‘poppet 19 which is movable “in ‘chamber 6.
‘Piston 79 has a lower portion 80 with -a bottom
surface 81 serving to- close the port'T0-when sur-
‘face ‘81 bears on ‘housing “surface ‘62 under ~the
action of a compression ‘spring 82 provided-in“the
‘hollows of ‘both the ‘poppet and the plug 60. In

‘this position, the ‘Poppet ‘and the housing form .

‘an‘annular space 83 and -a second ‘annular space
on a higher level is Tormed by a periphersl groove
‘84 in ‘the upper portion of the poppet ‘78, “Three
-edges of the poppét serve as ‘controlling ‘edges
with ‘Tespect to ‘the -opening -and ‘closing .of the
various ports hereinbefore ‘mentioned, and the
‘arrangement is such that with the Dappet inits
lowest position when port 70 is ¢losed, communi-
‘cation exists between annular space 83 and con-

duit-68 of ‘socket 66 through port 94, conduit T8, o

port 95, groove 84 and port T1{. - Simultaneously,
conduit 12 .of socket 61 communicates with ‘the
space of chaniber 61 on top of poppét 19 ‘through
port ‘T4, When the poppet moves upward, the
lowest ponpet edge 85 begins to .open port. 13
whereas simultaneously edge ‘88, which ‘is ‘the
lower one adjacent.to groove 84,-and the top edge
87 of the poppet close the ports 95 and 14, re-
spectively, at the same rate, so ‘that when fhe

boppet in its.highest.position dbuts agginst shoul- |

Ger 18, the chamber space above the Poppet ‘has
nmo outside connection, port 14 ‘being closed “by
poppet-zone 88, and the chamber space below the
poppet is in connection with: the conduits 68 and

T2, port 13 being opened and port 95 being c¢losed ;

by poppet zone 89.

It will be apparent that ‘this valve operates.in
substantially the same manner as, and can be
substituted for, the “first ‘described valve An. the

system illustrated in Fig. 1, if sockets 65, 66, 6T -

‘are respectively connected to the pipes 82, 48,
and 44,

‘Whereas ‘in the ‘two embodiments first .de-
scribed the space or.chamber portion underneath
the poppet has ports for communication 'with
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- of -the poppet.

{thedeliveryiconduit :axidwith ithe ‘drain. ‘eonduit,
3t"he'ipﬁlfpdse"-df-‘-the?-i’riveritionl'ctécnib‘eIaccomﬁliéh'éd
-also with @ wvalve in’whichthe Space dabove the
-Poppet/is provided with the: meritioned two Kinds
‘of ‘ports,.and the space:below tthe: poppet is pro-
ivided >with ‘merely 7an 7irilet axnd s delivery port.
"This-is shown'by the emibodiment illustrated in
Figs. 7 and 8. In this embodiment, the rvalve
‘housing 100 is payt.of :a machine isuch-as-a‘pump
‘to “which the "valve may ‘be applied. Heowever,
At-1s o be' understood that the ‘housiriz ‘raay be
‘aiseparate ‘piece ‘as ‘i “the ‘case -of ithe ‘embadi-
mierits fizst ‘described, ‘or -conversely, iin ‘the case
‘of “embodiments "illustrated -in Figs. .1 to 6, the
‘housing ‘may ‘be constructed. as dintegral Wwith -a
machine Lor whichithe valve s destined. “Hous-
dng. 1904 formed a5 - a substantislly ¢ylindrizal
‘projection ‘having ‘a.stepped. bore Wwith 2 hottom
Tace :104,:a first -anmilar Shoulder 1402 and Iaizec-
-ond anmular shoulder 443, The top end of the
Housing istexternally thregded at:l 04, Atconduit
85 with port 408 .opens raxially in bottom 161
‘end ancther «conduit ¥07 has ra “port 1408 in the
wall ®etween the two ‘shoulders 82 ‘and 03,
‘Conduit k85 :is «desiined “to 'be conmected ras the
inlétof :a fluid under thigh: pressure, and. conduit
#07 is 2 drain wonduit leading from “the “valve
1o 2 space “(nat.:shHown) “where rélatively ‘low
‘pressure prevails. A plug-<like body 89 is cin-
serted-in’ thie‘housing 5o =s toseat tightly onsthe
bottom face 101 and to fitithe :wall:of the Towest
interior housing portion 110 underneath:shoulder
02, Theplug fits:slsotinto ‘thie'top housing por-
tion kil wwith ¢a flange 142 ibearing :on 'shoulder
#08:and from'which-an:externally threaded soeket
13 'prolects upward :in axiz] ‘direction. A cap
nut 14 ‘engages the ‘threading 104 and Urges
the flange: k2 and thus’the plug ‘body 489 :onits
seat. An annular ‘space 15 ‘is ‘formed by *the
‘described- structure -of ‘the plug-and ‘the housing
wall between ithe shoulders 162 and 103, The
plug’is. provided :with ‘areélatively wide axial:hore
146 of ‘constant ‘diameter from the ‘bottom up-
ward ‘approximsately :as ‘far as ‘the flange f 12,

, Laterally of ‘bore 146, a marrow -conduit 7

reaches.alsofrom the bottom ‘upwards-and opens
with-a slanting sportion 118in a top ‘recess (9
of ‘the socket I3. A’lower:passage 128 with port
‘124, -and ‘an ‘upper ‘passage ‘122 with port {23,
connect the bores 16 and {171, port 123 being
arranged -immediately underneath the ‘top sur-
face 24 of ithe bore 1 §6. ilriteriorly:6f bore ‘11§
a2 hollow giston 125 ‘or peppst is urged downward
by -a spring 26 bearing ‘against face ‘124 “and

- “battom 128 of ‘the hollow 0f ‘the ‘poppet ‘so that

its-bottom:surtace 129 of reduced diameter ‘closes
port {086. The lower ‘portion -of the ‘poppet is
¢hamfered so-as to‘form a triangular fing space
420 in “bore 11 6 -undernesth ‘the -contrsl edge ‘131
which cooperdtes: with port 421. The ‘poppet ‘is
also provided -with a ‘peripheral -control groove
132 which -has an opening (33 into the interior
This ‘groove ‘cooperates ‘with a
port {34 of a passage 135 -which -extends thrcugh
the-wall of ‘the plug-into the ring space 15, The
arrangement of the contrélling élements is such
that ‘in 'the ‘illustrated ‘position in which inlet
port F06 is-closed, control edge 131 is underneath
port {28, groove 133 underneath port {34, and
the top edge ‘186 of the Poppet underneath port
123. Hence, there is only communication between
the space above the;‘prpe't,andAcondu'it 417, 118,
In the other end position,.i. e., when the top rim
138 of the.poppet bears-against surface 124, pert
123 will be closed, the groove 132 will register



with port 134,.and the-edge 131 will be above
port 121, - In consequence, the upper portion of
the space above the poppet, or more correctly,
the space between the two surfaces {24 and 128,

will be in communication with the drain conduit,

107, and. the space underneath the poppet will
connect the inlet conduit 185 with. the delivery
conduit 111, : Lo Lo

Tt will be apparent that in the-embodiment just
described, pressure relief of the delivery conduit
118 occurs via port 23, space {18, groove 132,
port 135, space {15 and drain 107. The pressure
of the inlet conduit 195 will be relieved during
the closing movements of the valve through space
130, port 121, passages. {20 and 111, and further
on the same way as explained in connection with
the delivery conduit. It will ‘also be seen that
after the closing of the valve the pressure re-
maining in conduit 118 will build up.on top of
the poppet 125 in addition to the spring pressure.

In all other respects, particularly in the effect
of preventing pressure oscillations in the con-
nected lines from reaching dangerously high
crests, the described embodiments operate in a
similar manner. Many alterations-and modifica~
tions -of the structures hereinbefore described
will be apparent to those skilled in the art and
may e made withcut departing from the spirit
and essence of the present invention which; for
this reason, shall not be limited but by the scope
of the appended claims. ‘

I claim:

1. A delivery valve comprising a casing with
two chambers therein, the first one of said cham-
bers having an inlet port, delivery port and a
drain port, the second chamber having a con-
necting port communicating with said delivery
port, a poppet being movable in both said cham-
bers and having two end positions, said poppet
being so arranged and constructed as to open
said inlet and delivery ports and to close said
drain port and said connecting port, when mov-
ing from its first to its second end position, and
to close said inlet and delivery ports and to
open said drain port and connecting port when
moving from its second to its first end position,
and a spring in said second chamber and bear-
ing on said poppet so as to tend to urge said
poppet into its first position against an existing
inlet pressure. o

2. A delivery valve comprising a casing with a
chamber therein, a poppet movable in said cham-
ber so as to divide said chamber into a first and
a second part on top and.helow said poppet
respectively, said first part chamber having an
inlet port, a delivery port-and a drain port, said
second. part chamber having & connecting port
communicating with said delivery port, said
poppet having two end positions and being so
constructed and arranged as to open said inlet
and delivery ports and to close said drain port
and connecting port when moving from its first
to its second position, and to close said inlet
and delivery ports and to open said drain port
and connecting port when moving from -its sec-
ond to its first end position, and a spring in said
second part chamber and bearing on said poppet
<0 as to tend to urge said poppet into its first
position against an existing inlet pressure,

3. A delivery valve comprising a casing with
three chambers therein, the first one of said
chambers having an inlet port and a delivery
port, said second chamber having a connecting
port communicating with said delivery port, said
third chamber being of a smaller volumetric
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-capacity than either:one-of :the other chambers,
.and- having:a drain port, a passage from said
-first ‘to said- third chamber; a poppet -movable

in said three chambers and having two end -posi-

-tions, -said-poppet being so constructed and-ar-
‘ranged -as to0 .open_said:inlet. and: delivery:ports

and to close said connecting -port and said: pas-
sage when moving from its first end: position
into the second, and to open -said passage and
said connecting port, and to: close: said-delivery
and inlet ports when moving -from its second
into its first position, and a spring in one of said

chambers  and bearing on:said poppet so as:to

tend -to urge said poppet into its first .position
against an existing inlet pressure. ... ... i

4. A delivery valve comprising:a casing- with
two chambers therein, said chambers being -co-
axially arranged, the diameter of the second
chamber being -smaller than that of the first
chamber, a poppet including a body and -a rod,
and having two end positions, said body being
operative in said first chamber and so arranged
as to divide said first chamber-into a first posi-
tioned and a second part chamber, said rod be-

5 ‘ing operative in said second chamber, -said. first

part. .chamber having an inlet and a delivery
port, said second part chamber having a: con-
necting port.in communication with said delivery

port, said second chamber having. a drain. port.

a. passage from said-first part chamber to said
second chamber, said poppet being so constructed
and arranged that said-body will open said inlet
and. delivery ports -and. close said :connecting
port and said rod-will close said -drain port when
the poppet moves from.its first .to its second
position, and that the body will close the inlst
and delivery.ports.and cpen the connecting port
and the rod will open the drain port when:the
poppet moves from its. second: to-its first- posi-
tion, and a spring in.said second part chamber
and bearing on said body so as to tend to- urge
said poppet into its first end position. . - .. -

5. A delivery valve comprising a casing with
two cylindrical and co-axial chambers therein,
the second chamber having a smaller diameter
than the first chamber, an inlet port in the bot-
tom and g delivery port in the side wall of. said
first chamber, a drain port at the top of said sec~
ond chamber and a conduit between -said first
and, said second chamber, -a -poppet including.a
stepped plunger, having a first portion operative
in said first chamber and & second portion op-
erative in said second chamber, said first plunger
portion having. at its bottom.a valving surface
in relation to said inlet port and a control edge
of its side. wall in relation to said delivery port,
and said second plunger porfion being in valving
relation to said drain port to close said drain
port when said first. plunger portion has com-
pletely opened said inlet and delivery ports. . .

6. A valve as claimed in claim § further com-
prising a connecting port in said first ¢chamber
in .communication with said delivery port, and
a second control edge of said first plunger por-
tion positioned in relation to said connecting port
so as to close said connecting -port .while said
first edge opens said delivery port.

1. A valve as claimed in claim 5 wherein said
conduit between said first and said second cham-
ber is provided by a bore in said plunger from its
bottom laterally of said valving surface to the
free end of said second plunger portion. .

8. A delivery valve comprising a substantially
hollow cylindrical casing open at its top and
provided with an internal threading at its up-
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ber portion, a substantially cylindrical plug in-
cluding a head and s body, the upper body por-
tion being externally threaded ang screwed into
said casing so as to seat tightly on the bottom
of said casing, and to form an annular space be-
tween its lower portion and said casing, said cas-
ing having an inlet port in its bottom and g drain
conduit in communication with said annular
space, said plug having in its body portion g
stepped axial bore wider in its lower portion than
In its top portion, so as to form two communi-
cating chambers, a drain Dbassage between said
top chamber and said annular space, and a de-
livery conduit laterally of said bore and with a
delivery port and g connecting port, the latter
above the former, in the side wall of said lower
chamber, and a spring-loaded poppet operative
in both chambers and positioned in relation to
said ports and said drain passage, so ag to close
said passage and said connecting port while said
inlet and delivery ports are completely opened.

9. In a valve of the type described, g, plug-like
body having a flat bottom surface and embody-
ing means to secure said body in g housing with
8 tight fit of its bottom surface therein, said
body being provided with a central hore from
its bottom through a portion of its length, and
with a plurality of ports opening into said cen-
tral bore, two of said ports being arranged on
different levels and in communication with g
delivery conduit and one of said ports being
in connection with g drain conduit, and a spring-
provided piston-like boppet in said central bore,
said poppet having a, bottom surface of g diame-
ter smaller than that of said central bore and
formed as g valving surface exposed to a pres-
sure acting against it, said boppet also embody-
ing controlling edges in operative relation to
said ports.

10. A delivery valve comprising & housing open
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on top, a member in closing connection with said
housing, an inlet port in the bottom surface of
said housing, a delivery port, a drain port and
a connecting port all in said housing on differ-
ent levels, a piston movable in said housing and
having a bottom surface in valving relation to
said inlet port, and three control edges in opera-
tive relation to said last mentioned three ports,
respectively, so as to close said drain port and
said connecting port simultaneously with the
opening of said inlet port and said delivery port,
and a spring between said closing member and
said poppet so as to urge said poppet in a posi-
tion to close said inlet and said delivery port.

11, A delivery valve comprising a housing hav-
ing an inlet port in its bottom, a delivery port,
a drain port, and g connecting port in communi-
cation with said delivery port, said last men-
tioned three ports being arranged on different
levels, a hollow piston-like poppet open at its top
and being movable in said housing, said poppet
having a bottom face of a diameter smaller than
that of the major Dpoppet portion, two controlling
edges, and a peripheral groove with an opening
into the hollow of said poppet, said edges be-
ing in cooperative relation to said delivery port
and said connecting port respectively, and said
groove heing in cooperative relation to said drain
port, so as to establish communication between
said inlet port and said delivery port, and be-
tween said drain port and the hollow space of
the poppet, and to close said connecting port
when the poppet moveg in the one direction; and
to close said inlet port, said drain port, and said
delivery port, and to establish communication be-
tween said connecting port and the interior space
of the poppet when the latter moves in the op-
posite direction.

: LOUIS BEEH.




