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(%) RECIPROCATING PUMP.

A reciprocating pump having a suction valve (92), a dis-
charge valve (93), a pressure control valve (11} including a
pressure receiving surface and supported at a valve seat (91)
for supporting at least one of the valves (92} and (93}, the
pressure receiving surface disposed on a discharge passage
(8b), the valve (11) being provided in a cylinder head (8}, and a
control spring (12) provided in a pressure regulator {13) for
urging the valve (11) toward the valve seat (91), wherein the
control valve (11) is operated as relief, safety and unloading
valve through a simple construction. Thus, this pump allows a
reduction in the number of components and can therefore be
readily assembled in a pump body so as to reduce its cost and
weight.
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SPECIFICATION

Reciprocating Pump

FIELD OF THE ART

This invention relates to a reciprocating pump,
and more particularly to a reciprocating pump which is
provided, at the foremost end of a cylinder supporting
a plunger to be reely reciprocating, with a suction pass-
age, a discharge passage, a valve gear comprising a suction
valve and a discharge valve, and a pressure control valve,
so that the plunger reciprocates to actuate the suction
valve and discharge valve to thereby dischsrge pressure
fluid, and the pressure control valve adjusts pressure
within the discharge passage in a desired wvalue.

BACKGROUND OF THE ART

Conventionally, a reciprocating pump is well-known
which is provided with a pressure control valve device so
as to adjust fluid pressure within a discharge passage in
a desired value,

The conventional pressure control valve device is
80 constructed that a valve seat and a valve body are ass-
embled into a valve box formed separately from the main
body of the reciprocating pump, a spring housing cylinder

is provided within the valve box and supports g control
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spring biasing the valve body to the valve seat, and an
adjuster for adjusting the biésing'f0rce of tﬁe control
spring. The preséure control'valverdevide is -disposed at
a halfway position within the discharge passage of the
pump so that the valve box communicétes at the inlet sidé
thereof with the dischérge pasSagé and'has,at'the outlet
side of the valverbox:a hose open in the atmosphere.
| Therefore,'the'preSSufeVcontrbl,valve aeviée,

which is sepérate from the main body of the pump, becomes
complex in construction andriﬁcreaSés in fhe;nﬁmber of
parts. As a result, the pumb is complicated to assemble,
expensive as a whole to manufactufe, ahd larger in size
and weight.

On the other-hand,>a well-known pressure control
vaive device employs an unloadér valve other than'é relief
valve."When in use of the unloader valve, the pfessure
control valve device becomes furthef cémplex in construc-
tion to lead to a high manufacturing cost.

In the light of the aforesaid prpblems,rthis in-
vention has been deSigned. A main,object'of the inveniton
is to provide a réciprocating pump dapable ofuadjusting
pressure within the diséhérgérpaésage'in a set value,
thereby reducing theinumberref pérts and facilitating its
aséembly.

Another object of the invention is to provide a
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reciprocating pump simple in construction and capable of
immediately unloading the liquid discharged from the dis-
charge passage when the pressure within the discharge pas-
sage reaches the set value.

DISCLOSURE OF THE INVENTION

The present invention is characterized in that a
pressure control valve is supported to a valve seat bear-
ing at least one of a suction valve and discharge valve
actuated by reciprocation of a plunger, the control valve
is disposed at a discharge passage formed at a cylinder
and biased to the valve seat by means of a control spring,
and a pressure adjuster supporting the control spring is
mounted on the cylinder in relation of being movable. The
pressure control valve is adapted to be assembled by use
of the cylinder, thereby eliminating the aforesaid conven-
tional ﬁorblems in the assembly of valve box separate from
the main body of the pump.

Furthermore, the reciprocating pump of the inven-
tion improved as foregoing, is provided at the outer pe-
riphery of the pressure control valve with a pressure-re-
ceiving portion having a pressure-receiving area larger
than that of a pressure-receiving face of the control
valve within the discharge passage, a pressure :hamber is
provided between the pressure-receiving portion and the

cylinder, a check valve is interposed on the way of a
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liquid delivery conduit communicating with an outlet of the

discharge passage, and a by-pass conduit is—provided at

the liquid'delivefy conduit at the oUtiet side of the check
valve so that the by-pass conduit communicateé'with the
pressure chamber. Hence, the pressﬁre éontrol valve is
formed into an unloadér'valve of simple construction.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a échematic longitudinal sectional view
of an embodiment of the invention, Fig.2 is an eniérgedr
sectional view of a principal portion thereof, and Fig.3
is an enlarged sectional view of a modifiedrembodiment of
the inventibn, corresponding'to Fig.2.

THE BEST FORM FORVPRACTICE OF THE iNVENTION

The best formrfoy practicé of the invention will
be detailed in accordance wipﬁ the drawings.

Referring to Figs.1 and é, a triplex reciprocat-
ing pump has three plungers disppsed in parallel. The pump
is basically constructed suchrthaﬁ ardrivé shaft 2 is sup-
ported rotatably to a hdﬁsing,1rthrough beariﬁgs 3, three
cylindrical cam bodies 4 qach'havihg an ecéentric shaft
bore 4a are mounted on the drive:éhaft 2, three cyliﬁdersr
Y, are mounted on the housing 1,'thrée plungefs 7,cdnnected
to the cam bodies 4 through_rbds 6 are housed ﬁithin the
cylinder chémbefsrig in a,relaﬁioﬁ Qf beihg freeiy'recip-

rocating, a cylinder head 8 having a suctidn,passage §§ and
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discharge passage 8b and three valve devices 9, are provid-
ed at the foremost ends of cylinders 5 respectively, and a
pressure control valve 11 is inccrporated with one cylind-
er 5.

Between the outer periphery of each plunger 7 and
the inner periphery of each cylinder chamber 5a are provid-
ed a sealing member 51, a seal holder 52 supporting the
sealing member 51, and a spring 53 biasing the sealing mem-
ber 51 to the seal holder 52. Each cylinder 5 is sandwich-
ed between the cylinder head 8 and the housing 1 and fixed
thereto by mounting bolts (not shown).

Each cf the valve devices 9 comprises a valve seat
91 having at its center a suction bore 91a and at the outer
peripheral portion a discharge bore 91b, a suction valve 92
to open and close the suction bore 91a, a discharge valve
93 to open aéd close the discharge bore 91b, and a first
and a second valve spring 94 and 95 for biasing the suction
valve 92 and discharge valve 93 to the valve seat 91. The
valve seat 91 comprises a valve seat body 91c of a round
plate-like shape and a cylindrical portion 91d extending
axially outwardly from the central portion at one side of
body 91¢, so that the suction bore 91a is formed of a
through bore at the center of body 91c¢c and of a space with-
in the cylindrical portion 91d. The discharge bore 91b is

formed at the outer peripheral portion of body 91c. The
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body 91c is interposed at the outer-peripheral edge thefé-
of between the foremost end face 6f'each,éylinder 5 and.
the cylinder head 8, and fixed tqgéthér with eachrcyliﬁdér
5 to the housing 1 through the fixing of cylinder head 8.
In addition, the body 91c and cylindrical portion 91d may
tage in that the body 91c and cylindrical portion 91d are
easy to manufacturg. ' | |

The suction valve 92 is disposed at the outlet

side of suction bore 91a, i.e., within thercylindér chamber

' 5a, and the discharge valve 93 is disposed at the outlet

side of discharge bofe 91b, i.e., within the dischafger
passage 8b, so that the fifst and éecond'valvé springs gy
and 95 bias the suction valver92 aﬁd diéchargeVQQlQe 93
to the valve seat §1%37Be£wéeﬁ:the Suotibﬁrpassagerﬁg_of’j
cylinder head 8 andrthe dischaféé'paésagé §§ theréof are
provided three through bores 81, 82 and 83. The cylindri-
cal portions 91d at two of the ﬁalvefseats 91réfe inserted
at one ends into the two thfough'bores BH'aﬁd 82 so that
the suction'bbres'glg,at the,iwb vaive'seété'91iére allow-
ed to communicate With the éﬁétion'passagergg.,f

One remaining valvérsea£ 91 other thén"therabove
two, has its cylindfiéal portién glésmaller in ékial
length than others, and:thé'pressure éonfrol vaive 11-is

supported to said cylindriéal,poption~91d at one aXiélfend



10

15

20

25

0035569

-7 -
thereof, i.e., at the inlet side of suction bore 9l1a. The
control valve 11 is formed of a cylindrical body larger in
an outer diameter than the cylindrical portion 91d at the
valve seat 91 and is provided at one axial end with a ring-
like shaped bottom plate about equal in an inner diameter
to the cylindrical portion 91d so that the bottom plate
forms a pressure-receiving face 11a.

The control valve 11 constructed as foregoing has
the bottom plate disposed within the discharge passage §9
and abutting against the cylindrical portion 91d, and is
inserted at the open end into the bore 83 at the cylinder
head 8 in a relation of being axially movable, whereby the
suction bore 91a formed at the remaining cylindrical por-
tion 91d communicates with the suction passage 8a through
the control valve 11.

A control spring 12 2cts on the control valve 11
to thereby bias the pressure-recciving face 1la of the
bottom plate to the foremost end face of cylindrical por-
tion 91d. A pressure adjuster 13 is screwed with the cyl-
inder head 8 and provided with a spring holder 14 having
liquid-circulation bore 14a, so that the spring holder 14
supports one end of the spring 12 which is seated at the
other end onto the inside of the bottom plate of control
valve 11.

Hence, the adjuster 13 is operated to elastically



10

15

20

25

‘0035569

8-

transform the conﬁrol sprihg 12 te ﬁhefeby adjﬁsﬁrﬁhe'biaS-
ing force of control valve 11 applied:terthevalveseat 91.
The adjustment'ofrbiasing forcevean,adjﬁst 1iqaid'pressufe
when the contfol valve 11 opensf,aﬂdrset liquid pressure
within the dlscharge passage 8b in a de81red value. | |

In the aforesald constructlon, the drlve shaft 2
rotates to re01procate the,plunger 7. When she'plungeri7
moves backward the disehafée vaive7§3 closes'aﬁd the suc-
tion valve 92 opens, whereby 11qu1d stored w1th1n a tank
or the 1like is taken into the suctlon passage 8a through
an inlet thereof and then 1nto the cyllnder chamber 5a
through the suctlon passage 8a and suctlon bore S1a. When
the plunger 7 movesrferward, the suctlon valve 92 closes
and the diScharge valve 93 opens, whereby the iiquid'taken
into the leinder'chambefréa?is apbiiea ﬁithpressure aﬁd
then discharged into the diseharge’ﬁassage §§j, The liquid
discharged into the disehargerpassaéer§g isrcontfelled
under pressure set by biasinéf@he eentrol valve 11 to,the
valve seat 91, thereby being diécharged'iﬁt@ a iiquid de-
livery condﬁit 155thr6ugh theiouflet of diseharge passage
8b. For example, when a gate Vaive'phovided'iﬁrthe vicinity

of an outlet of the liquid delivery conduit 15 clcses or a

load connected thereto increases to thereby raise the liquid

pressure within the discharge passage 8b more than the set

value , a pushing-upfbrceappiied1x)thepressure—receiving
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face 11a at the control valve 11 exceeds the biasing force
applied to the valve seat 91 by the control valve 11,
whereby the pushing-up force opens the control valve 11 to
allow the pressurized liquid within the discharge passage
8b to flow into the suction passage 8a through the control
valve 11, thus keeping the liquid pressure within the dis-
charge passage 8b in the set value.

In addition, the aforesaid embodiment is provided
with the valve seat 91,which has the suction bore 91a and
discharge bore 91b, bears the suction valve 92 and dis-
charge valve 93, and supports the pressure control valve
11. Alternatively, the control valve 11 may be supported
to a valve seat which is adapted to have the suction bore
and bear the suction valve 92 only, or supported to a valve
seat having the discharge bore and bearing the discharge
valve 93 only.

In Fig.1, reference numeral 17 designates a holder
for the spring 53 biasing the sealing member 5%, 18 desig-
nates a guide tube for the second valve spring 95 biasing
the discharge valve 93, and 19 designates a lock nut.

In the aforesaid embodiment, the pressure control
valve 11, which functions as a relief valve or safety
valve, can, alternatively, be constructed to function as
an unloader valve as shown in Fig.3.

A modified embodiment of the invention shown in
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Fig.3 is basicaily the same as the formerrembodiment in
Fig.1, in which each member indentical in construction
with that in Fig.1 is repreéented byrthe same'refereﬁce
numeral. |

The constructidn,shown in Fig.3 is different from
that of Fig,1iin thai; a pressure control vaiﬁe 110 is
formed of a steppéd'cylindrical membef ahd has at one axial
end of a smaller diameter portibn a°ring—1ike shaped bottomr
pléte to thereby form a first pressure-receiving face 110a,
and at the intermediate 'shoulderra sécond preséure—reqeiv—
ing face 1lgg larger:in érpressurefreceivingrarea than the
first pressure—receiving féce 11Q§j a pressﬁre éhamber 20
is prpvided'at the suction bassager§g sidé,bfrthroﬁgﬁrbore
83 formed at the cyiindér head 8; a cheék val#er21:is inter-
posed on the way of the liquid delivery cdnduit 15 communi-
cating wiﬁh theroutlet of discharge passage §g;;and:a by~
pass conduit 22 is eoﬁngcted ﬁ@rtherliquid delivery conduit
15 at the outlet side orf;';check"\}alver 21 and é¢mmuﬁicéteé
with the'pressure chamber 20} In éddition, the eﬁbddiment
in Fig.3 may not'héve the pressure adjuster'13.r

When the'blungeP,Y réciprocaﬁes'to—dischafge in
the discharge paséagé ﬁgrliquid applied'with presSﬁré with-
in the cylinder,chamberrég and deliver the iiquid toward
the liquid delivefy'dbndUit 15, and if a'gatevalve716— 

provided in'the,vicinity of the outlet Qf liquid deliGery
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conduit 15 is closed, or a load connected thereto increases,
to make the pressures within the discharge passage 8b and
liquid delivery conduit 15 equal to the set value, the
pressure of pressure chamber 20 also reaches the set value
Hence, the first and second pressure-receiving faces 110a
and 110b at the pressure control valve 110 are subjected to
the pushing-up force larger than that applied to the first
and second faces 110a and 110b in normal, whereby the larger
pushing-up force instantaneously opens the control valve 110
to flow the pressurized liquid out of the discharge pas-
sage 8b into the suction passage 8a.

This flow-out of liquid lowers pressure within the
discharge passage §Q, but pressure within the pressure
chamber 20 is kept in the set value or more unless the gate
valve 16 is opened or the load is reduced. Consequently,
the control valve 110 is kept open to enable the plunger 7
to work in no load.

When the gate valve 16 opens or the load decreases
so that the pressure within the liquid delivery conduit 15
at the outlet side of check valve 21 lowers until the set
value oI’ less, the pressure in the pressure chamber 20
also lowers and the control spring/biases the control valve
110 to be closed so that the liquid discharged from the e
cylinder chamber 5a into the discharge passage 8b is deliver-

ed toward the liquid delivery conduit 15 under pressure of
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the set value or less.

The aforesaid embodiment is the triplex recipro-
cating pump. Alternatively, this invention may be appli-
ed to a single, double, or four or more cylinder type pump.

As clearly ﬁnderstood from the aforesaid descrip-
tion, the reciprocating pump of the invention is so con-
structed that the pressure controi valve is supported to
the valve seat bearing the suction valve or discharge valve
and disposed at the discharge passage, and the pressure
adjuster is provided at the cylinder, theréby being adjust-
able of liquid pressure, and beihg simpler in construction
and reducible in thé number of parts in comﬁarison with
the conventional pump. In other words, there is no need
of using a valve seat for ﬁhe'pressure controlrvalve only,
a valve box supporting ﬁhe valve seat, and a cylinder
housing therein a control spring and supporting the pfes—
sure adjuster. Furthermore, pressure control can be
executed by returning the dischargedliquid toward the
suction passage to thereby require no hose, resulting in
that the pump becomes simple to that extent in construction
and is of a small number of parts.

Therefore, the pump, which is'simple in construc-
tion and of a small number of parts, is easy to assemble,
considerably inexpensive to manufacture, and is SmalL-sizaL

and lightweight. Furthermore, the aforesaid construction
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is utilizable to form the pressure chamber to thereby
constitute the unloader valye, thus simplifying the con-
struction and reducing the number of parts. As a result,
the pump also is easy to assemble, considerably inexpen-
sive to produce, and compact in size and light in weight.
POSSIBILITY OF UTILIZATION FOR INDUSTRY

As seen from the above, the reciprocating pump of
the invention is useful for a hydraulic pump for machine
tools, pump for sprinkling a liquid medicine over the
crops, high pressure water pump for flushing a hull or the
like, or fire pump loaded on a motor fire engine, and es-
pecially suitable for a pump having a gate valve incorporat-

ed with the liquid delivery conduit.
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CLAIMS

1. A reciprocating pump which is provided with a
suction passage, a'discharge passage and a valve device,r
at the foremost end of a cylihdeh'supporting therein a

plunger in relation of,freély reciprocating, so that said

plunger reciprocates to actuate a suction valve and a dis-

charge valve at said'valvérdéviCe, said pump being charac-
terized in that a pressure control valve haVing a preséure-
receiving face is supported to a vé1Qe Seat beafing at
least one of said suction valve and diSchérge valve, said
pressure-receiﬁing'faéé of saidrcontrol valve being dis-
posed within said discharge passage, said cohtfpl valvé
being biased to said valve seat through a controi spring,
and a pressufe-adjusting mémber supporting said control
spring is provided movably at a cylinder heéd provided at
the foremost ehd of saidrcylindér.

2. - A reciprocating pump according tp claim 1, being
characterized in that; a valve seat, which has,ét the cen-
tral portion thereof a suction bobe'and at the outer pe-
ripheral portion a dischargé'bore;isrformed;'said valve
seat being pro&ided at the oﬁtlet side of said diséharge
bore with a discharge valvé, at the outlet side of said
suction bore with aréﬁction valve,rand at the inlet side

of said suction bore with a  pressure control valve; and
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at said pressure control valve is provided a through bore
through which said suction bore communicates with said
suction passage.
3. A reciprocating pump according to claim 1 or 2,
being characterized in that; a pressure control valve
is provided with two first and second pressure-receiving
faces, said second pressure-~receiving face being made
larger in a pressure-receiving area than said first
pressure-receiving face, said first pressure-receiving
face being disposed within said discharge passage; a
pressure chamber is provided at said cylinder head so
that said second pressure-receiving face is disposed
within said pressure chamber; a check valve is interposed
in a liquid delivery conduit communicating with the out-
let of said discharge passage; and a by-pass conduit is
provided at said liquid delivery conduit at the. outlet
side of said check valve, so that said by-pass conduit

communicates with said pressure chamber.
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