Title-of the Invention::FLU D CONTROL VALVE Background of the Inven
(Field of the Inventlon) The present invention relates to a fluid céhéﬁﬁil%QC5C3
val ve~for controlling a.-fluid flow of large flow rate, such as that used in

a fluid pressure .el évator to supply a high pressure fluid to, and discharge

it from a fluid 10 pressure jack to raise or |ower the cage of the-
elevator. (Prior Art) As described in the Publication "Hydraulic pressure

and pneunatic pressure” fromlnstitute of Hydkaulic and Pneumatic

Engi neering, May 1986, Vol. 17, No. 3, pages 15 181-186, a conventi onal

fl ow control valves'gf tEis tyge have Eorts respectively conmmunicating with
a punp fluid pr & | : ank, and al so have hernetic
fluid control parts eagﬁugstﬁsﬁ@RBLpgggvﬁort and a fluid pressure cylinder
port and between th nder port and a tank port.
These fluid control parts use a pilot valve to control the fluid. The
above-nentioned type fluid control valves are conplicated in structure,
because they are Baéﬁﬁgiqnaoogchhgvgn@ehkggnpreC|S|on flow rate control,
which is the 25 grent—object—of—the—++ute control valves, while
ensuring a hgrneti(rieeal EOthéemnbbﬁtEbhhd pressure cylinder at rest.
Further, in controlling the fluid,

The present invention relates to a fluid control

| valve_for controlling a.f1u1d flow of large flow rate,
such as that uséd.in a fluid pressure elevator to supply
-a high pressure fluid to, and discharge it from, a fluid
'“;O____ptessu:e jack to raise or lower the cage of fhe elevator.
(Prior Art)
As described in the Publiﬁation "Hydraulic pressure
_énd pneumatic pressure” from Institute of Hydraulic and
Pneumatic Engineering, May 1986, Vol. 17, No. 3, pages
15 181-186, a conventional flow control valves of this type
| have ports respectively communicating with a pump fluid
pressure éylinder and with a tank, and aiso have hermetic
U fluid control parts each between a pump port and a fluid
~pressure cylinder port and between the fluid pressure
.20 cylinder port and a tank port. These fluid control parts
use a pilot valve to control the fluid.

The above-mentioned type fluid control valves are
complicated in structure, because they are intended to
achieve a high precision flow rate control, which is the

25 inherent object of the fluid control valves, while
ensuring a hefmetic seal to keep the fluid pressure

cylinder at rest. Further, in controlling the fluid,



-2- they will cause cavitation, producing |arge noises;, because they wll.
execute the flowrate control of the high pressure fluid. Summary of the
I nvention: An object of the present invention is to proviide a fluid contiol
15 valve which is sinple in structure and jhigh in precision, and wiich
allows a reduction in cavitation and noi g&~ According to this invention

' ' ' I | ve. havi ' fluid chamb
connect ed (¢4 it casd CaiRLich, MRURing fafdh Rotatarebtcutioe ShaY coinder
port, and @xbbidd! cht H1ByHREG: 01 CG2NDRE LEth Relaly i“g;@@”’ said fluid

control val ve being arranged to contro om's p port to said

cylinder peumas/ ofree® $ehtéon: nder port to said tank port and conprising
a check val ve provi ded between said punp port and said first fluid .chamber

for allow ng theahl objéct ®pbls praserm! Davinio®kyed Pravilid scﬁliu%' Johepapai d
punp port to 15 said first fluid chanber, a down control valve provided

bet ween savdlveé mitichlis dimglenirestamrtuxei shds high dnfprecdsidhg AT whidh Up
control valve provided between said first fluld chanber and said.third
flui d chanrBéiowsgeredugtionin|qavitationl andvedises 1 ow from sai d punp port to
said cylinder port through sajid check valve-and through said down control.’
val ve when 20 saifgceuiipg tpakhis inventdpn thera boprovidedad \fauid eompeied, and

the fluid fromsaid cyljinder_pqrt .to said tank port is allowed to flow
t hr ough sai"af‘fﬁ) V%%r%’rm&aﬁ%ﬁ HABEG IFoBRected] ta @ PYWR §oEhaatRacoRdd

Lor ough sy HARLCLoptillotEs YA°0 S AaloBBee Q0 P hntB ¥R Gsled 1P

10 connected to a tank port, said f£luid control valve being arranged to
control flow from said pump port to said cylinder port, or from said
cylinder port to said tank port and cdnpriéing a check valve provided
between said pump port and said first fluid chamber for alldving_the
fluid to pass therethrough only in a dife&:tion from said pump port to

15 said first fluid chamber, a déwn control valve provided between said
first £luid chamber and said second fluid chamber, an up control valve
provided between said first’ £luid chamber and said third f£luid cha;nber,
whereby the fluid is allowed to flow from said pump port to said cylinder

port through said check valve and through said down control valve when

.,

20 said check valve and said down control valve are opened, and the fluid  \_/

from said cylinder port to said tank port is allowed to flow through said
down control valve, through said first £1uid chamber and through said up
control valve when said down control valve and said up control valve are

opened.

@&



[ s .
In accordance with a feature of this invention there is provided a fluid
contro)] valve conprising a first fluid chanber connected to a punp port, a
second fluid.chanber ‘connected to a cylinder. port, and a third fluid
chanber 5 connect, ed'to a tank port, said TI%d"controI val ve bei ng arranged

ts gl 302; lr Iolndgrf :Dg\th ng:ﬁraahéeadneénmaarh tfeatardl orl ithdey diﬁgidg:ti"&n furaPe
0 S a C val ve r.ow e tweern. .sai

punp port® and s‘aﬁcP’T‘?Y’s‘se‘gI%ﬁ(‘Eﬁgrﬁ@t’f%f NimdoThoion T'H'és"f’ﬁjﬁj ftei&y%%sl“f@d

_ tﬂe;gt hr oug?I or&namhseﬂ donnetted twoma spumpmmmtpoat secondi ¢ luids tchfambet
chanber, a owncontr valv P& en I d, f f C nd
sai d second fl Lﬁ?f“b%% % a% upyiéién roI a%?o% £é§%%t \lfgggds% rlg
fluid chanbes annnm‘dedhtﬂdaf Itank @m’bersa@#ldféﬂi@ gontred yalweolbeidig e
i ncl uding a pr?&gaw 3 é&cébVEBHtFBﬁ!bSr fﬁwlhacewmngaadbwﬁpor rt% fgﬂa an

upper port and 1 an 1 nner cylindrical, fube f ectln
portion, and a <&t %dP%rCI‘PrV\/ﬁEﬁ‘ma(ﬁw up%h ‘B@é u'f'% Fﬁ"gal‘ﬁ"nk
first fluid chasdee, as dﬁb@bleaweapremaeagmw csaxdzopami pavitngarad

i nd |
Chbe. Vihen tne SRt Eirats st (RRnkBeR ' 68F, WlaBRihel R | EHi1ACEC Fass
control |l ed siechthémethroughf iondly minleat difreekipont Erome saxtttpumm poxtarter
via the down cogiigl ¢ xgis\ee fﬁ'f'ﬂi' ShaRbEHDS QAURRI YehE£8RT Gad vied priti {dak

port via the up contro
between saJ.d flrst fluid chamber and said second fluid

chamber, an up control valve provided between said first
fluid chamber and said third fluid chamber, and said down

15 control valve including a pressure receiving member for
receiving a back pressure from an upper port and having an
inner cylindrical tube projecting to a lower portion, and
a valve body which, when acted upon by a pressure in said
first fluid chamber, is movable.in an opening direction,

.20 and having an outer chindrical tube being formed to slide
to said inner cylindrical tube.

When the fluid pressure jack is to be lowered, the
fluid is controlled such that it is first made to flow into
the first fluid chamber via the down control valve, and is

25 subsequently discharged to the tank port via the up control
valve. :



—

-3- Because the fluid to be drscharged is controlled in two steps as =
descri bed above, the present invention reduces cavitation and noise. |w«the

prese

contr

val ve.

nt invention, during |lowering 5 of the fluid pressure “jrack, the
fluidis controlled to flowinto the first fluid chanber via the down
ol valve and to - flow out to the tank port via the up control

Thereby, the pressure drop can be nade snooth; further the

occurrence of cavitation can be 10 suppressed and the noise and fhe

pul sation can be reduced. Furthernore, EPthe present invention, since the
hermetical ly enclosing the f1ui

seal

for

in the fluid pressure jack is

provided only in a.single location, i.e. the. down control valve

possible to 15 aaeaseaetﬁaefieiaabb' eYa2BehagGEaCLY OBh éinﬁ%hf,b ito

sealing. Further, since the pi
control the oaaoastepSOEstBesdnihedndbbpecOahéobréﬁéﬁﬁsinﬁéntﬁoﬁos5'b|e to

freely enlarge the range of control. 20 Brief Description of the Draw ngs:

ot swtching valves are

Fig. 1 is a credecesctavibtationwand noikaeid control val ve showi ng one

enbodi ment - of the present invention; Fig. 2 is a cross-sectional view taken

al ong the 25 line Il1-11 oInFthe preagentciénventios, aduningli bewes ing Fi g.

3is apartially cutaway_side elevation view of the fluid control 'val ve;

and

10

15
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of "the fluid pressure jack, the fluid is controlled to

flow into the first fluid chambe: v:a the down

‘control valve and to  flow out to the tank port via

the up control valve. _Thereby, the ptessute d:op can be
made smooth; further the occurrence of cavitation can be
suppressed and the noise and the pulsation can be reduced.
Furthermore, in the pfesént invention,.
since the seal for hermetically enclosing the fluid in
the fluid pressure jack is provided only in a single
location, i.e. the down control valve, it is possible to
increase the reliability and securely maintain the sealing.
Further, since the pilot switching valves are PWM-
congrolled to eontrol the operation of the down and up
control valves, it is possible to freely enlarge the range

of control.

Brief Description of the Drawings:

Fig. 1 is a cross-sectional view of a £fluid control

valve showing one embodiment<of the present invention;

Fig. 2 is a cross-sectional view taken along the
line II-IX of Fig. 1, as seen in the arrow direction;
Fig. 3 is a partially cutaway side elevation view of

the fluid control valve; and

¢



-4- Fi-g. 4 is a cross-sectional view of a fluid control valve show ng

anot hey enbodi ment "of the present invention. Description of the Enbodi nent:
5’ - One enbodi ment of the present invention will be explained with
reference to Fig...1. Aflowcontrol valve 1 has a val ve housing 5. The
val ve housing 5 is formed with a first fluid chanber 12 at the | ower
portion thereof, which comrunicates with a'1d = punp port 9. The valve
housing 5 is formed further with a second fluid chanber 13 at one side of .
t he upper portion ther ) ich_c I s With a cyljpnde prt 10, and
athird fluid chamber ﬁg‘;étx\{]%% %t%&?ygp%%%?ﬂ@'{" V\h?‘ﬁhoto?mt}ﬁ?bét%%nﬁf?ﬂ a
tank port 11. Ty I i L3 e | e
cover 6. ‘A checkagéygéyﬁp?gﬂ%rge?ggééi%m?ﬁglﬁﬁgﬁiﬁga%?ét %§§§?§n£$7§?§f$x°
chanber 12 and the punp port 9. A down control valve 2 is provided in the
second fluid control chanber 13. A up control valve 3 is 20 provi ded
in the third fl uiDestéripeionlof fhe Embodimentel valve 2 is constituted by
a pressure receiving nenber 23 having a pressure receiving termnal plate
23a with an $nner tubeOrébembodinentgof rthetpresenkrinvertideredll be

di sk-shaped val ve body 22 with an outer tube 22b which 25 proj ect s

t her efrom and whi e¥plained qebtle veferencente Fige L3b, and a val ve poppet

21 which is a bottoned tubul ar body. ,
) A flow control valve 1 has a valve housing 5. The

- valve housing 5 is formed with a first fluid chamber 12
at the lower portion thereof, which communicates with a
;0_ . pump port 9. The valQe housing 5 is formed further with
‘a second fluid chamber 13 at one side of the upper portion
thereof, which communicates with a cylinder port 10, and
a third fluid chamber 14 at the other upper side, which
__¢0mmUnicates with a tank port 11. The valve housing 5
15 is closed at the top with a valve cover 6. A check valve
| 4 is provided in the.opéning of the first fluid chamber
12 and thg pump port 9.
A down control valve 2 is provided in the second
—/ | fluid control chamber 13. A up control valve 3 is
20  provided in the third fluid chamber 14. The down control
Qalve 2 is constituted by a pressure receiving member 23
having a pressure receiving terminal plate 23a with an
inner tﬂbe 23b projectiné from the lower side thereof, a
disk—shaéed valve body 22 w{}h an outer tube 22b which
25  projects therefrom and which is slidable on the inner
.:tube.23b, and a valve poppet 21 which is a bottomed
tubular body.



-5- The val ve poppet 21 is connected to the valve body 22 by neans of a.
bolt and nut 25, an annular seal nmenber 24 being secured between the vakve
poppet 21 and the valve body 22. A plurality of cut grooves 2la are al so '
{axially 5 provided in the skirt portion of the valve poppet 21. The

val ve poppet 21 has its skirt portion slidingly inserted into a circular
tole in a partition wall 13a which separ&tes the first fluid chanber 12
fromthe second fluid chanmber 13. 10 The pressure receiving’
termnal plate 23a of the pressure receiving nenber 23 is slidable in an
upper cylindrical Pketvalve poppebnlfisiconnected 4a, thaecvabyethedyressure

I Vi t 1 nal plate-2 t th d fluid chanb 13 f
back pressur ¢ rseans G€ a BTt RAd PUB3S, (AR BRRULAF csealomember
t i nal pl at 3 Th t t 22b, of th I body. 22 I [ it
of axi al o1 ot 24 Being St &8 etiads the yalys noBpel oty gaduied frkkeno
| ecti f Thi N&gq i ..dh i NS _ar | idab I
ar sl ots BB oE2: K plPa1feY of (Euf' dPodred 218 pE8 0 Frd ARERALE
bet h 2 L yi .
oy coss on SrFLRERIALRE ek e FOGEELOR SECENS ORLIETBERREE ofy |
pressure recopyégal¢é popbe®! 21 enad its 28RiAEIpbPEiNAl ¥21QPAY1F2.

Anot her conpressi on spring _ _
inserted into a circular hole in a partition wall 13a
which separates the first fluid chamber 12 from the second
f£luid chamber 13. = o <
10 The pressure receiving terminal plate 23a of the
pressure receiving'membet 23 is slidable in an upper
cylindrical part of the sécOndzﬁluid chamber 13, thereby
the pressure receiving terminal plate 23a'separates the
second fluid chamber 13 from a back pressure chamber 15
15 disposed above the pressure receiving terminal plate 23a.
Thelcutet tube 22b of the valve body 22 has a plurality
of axial slots 22c cut therein. The axial slots 22c
engage with pins 29 projecting from the inner tube 23b.
The pins 29 are slidable along the axial slpts 22¢
20 limiting the extenf of the relative sliding movement
betwéeﬁ the valve body 22 and the pressure receiving
member 23, .
A compression'spring'ZG is proviée¢ in the inner
tube 23b and between the pressure receiving terminal plage
25 23a and the valve body 22. Another compfession spring
27 is provided in the back pressure chamber 15 disposed

above the pressure receiving terminal plate 23a. A



. , .
27 is .provided in the back pressure chanber 15 di sposed above the pressure
receiving terminal "plate 23a. A -6- stopper 7 limts the extent of

di spl acenent of the down control valve 2. The conpression springs 26 and
27 normal ly bias to'separate the second fluid chanber 13, which

comuni cates with the cylinder port 10, frqp1éh§ 5 first fluid chanber
12, which ‘communi cates with the punp port 9. "Sealing is then provided by a
seal i ng nenber 24 and a val ve seat fornmed on the edge portion of the

circular hole Of-%SSPB@EthiQHiWQ'Eh§3%xtéﬁ$069iB&sbﬁfkgﬁe%QW%fCQ%%Lngn

val ve 2 'having a structure as descri bed above, for exanpl e, t he

fluid is suppliedcbheFollN@alweP 2007 The cemph@setlon" @i ikg's 280 .and @7
pressure receiving termnal plate 23a of the pressure receiving nenber 23

i s slidable in. thao¥magnyCyiagdiol gepazateoithiehgetondndlivid ¢hambered3],3.
Ther eby, the valve 15 body 22 can operate for the control signal

regardl ess of t hewhiehscommunicatesawi thr ¢heucyldndelreport 407 tfromeftiee a
hi gh responsibility can be obtained. Referring again to Fig. 1, there are
shown pilot Bal vefisst $Auidschambes 12hi whighe commundsasesonibh- the pump

swi tching val ves, or so.called PWcontrolled valves whose qperation is
control |l ed by conPesltl 8ng Sealimgsdsdthen proyidedobys@ sealinsrmenher, 24

ort 9 is connected to a fluid pre
P . . - and a valve sé%t %%%H%a on the edge portion of the

circular hole of the partition wall 13a.
According to the down control valve 2 having a
- .10 . structure as describedlabove, for example, when the fluid
is supplied from the pump port 9 to the cylinder port 10,
the pressure receiving terminal plate 23a of the pressure
receiving member 23 is slidable in the upﬁer cylindrical
part of tﬂe'second-fluid chamber 13. Thereby, the valve
15  body 22 can operaté for the control signal regardless of
‘the pressure in the back pressure éhamber 15.and therefore
a high responsibility can be obtained.
Referfing'again to Fig. 1, there are shown pilot
N valves 51, 52, 53 and 54, which are high speed ON-OFF
- 20 switching valves, or so called PWM-controlled valves whose
. operation is controlled by controlling the pulse duration
of a pulse train.
The pump port 9 is connected to a fluid pressure
-pump, the cylinder port 10 tOfthe fiuid'pressure jack for
'25. - raising and lowering a loadj and the tank port 1ll to a

" tank, respectively.



punp, the cylinder port 10 to the fluid pressure jack for 25 - raising.and
lowering a load, and the tank port 11 to a tank, respectively. The Rkl ot
valve 51 is prOV|ded i n a passage extending bet ween t-he ‘second fluid 4
(chanber 13 and the back pressure chanber 15 di sposed above the pressure
receiving termnal plate 23a. The pilot, valve 52 is provided in a passage
(5 ext endi ng between the back pressure chanber 15 and the tank 17. The
pilot valve 53 is provided in a passage between the first fluid chafmber 12

and the back preswffﬁeﬁggfrge&aiped' p@ﬁesrab@agat Bg B 5a§§5§e;e§giem@ag

termnal plate 33. t valve rovided I n a” pass

ext endi ng betuaeﬁesnidhbaebcanassmuedcbaahaér1§3aadathaetba&kl redBarep
control valve 3 is constituted by a pressure receiving nmenber 33 havihg a

pressure recechambeteclfi ddsppseaticaBdsenwkhle preéssuver devefptr@ngcepminaner
tube 33b, 15 .and a valve body 32 in the formof a bottoned tubul ar body
32d havi ng a platec23ag ouThe pibot3eblwki 5B is provilded émcm phssageer

t ube 33b. The bottoned tubul ar body of the valve body 32 has a skirt
portion $or meextendingpbetweeny the aacalpcessgrsocbsmber 153and thee skirt

portion of the bottoned tubul ar body is sl g g y |nserted into a circular
hole in a parEabkod? maIITESaPQAPEhV93H8r§§e st REovided ipypgPagsAager 12

from the th'rgelkgéﬁ EBe”¥?:3%4f1uiEh8th er Ekuandcgﬁ gack pressure

chamber 16 disposed above the pressure receiving terminal
plate 33. The pilot valve 54 is provided in a passage W
10 extending between said back pressure chamber 16 and the
tank 17. |
The up control valve 3 i3~constituted by a pressure
receiving member 33 having a piessure receiving terminal
platé 33a with a downwardly projecting inner tube 33b,
15 and a valve body 32 in the form of a bottomed tubular
body 324 having # projecting outer tube 32b which is
sliéable over the inner tube 33b.
. The bottomed tubular body of the valve body 32 has a
skirt portion formed with a plurality of axial cut grooves \—/:.
20 32a. The skirt portion of the bottomed tubular body is
_slidingly-insertéd into a circular hole in a partition
wall l4a which separates the first fluid chamber 12 from
the third f£luid chamber 14. The first fluid chamber 12
and the_thiré-fluid chamber 14 communicate to each other
25 through the cut grooves 32a-;hen the valve body 32 is
moved upward, and the two fluid chambers 12 and 14 are

separated when the valve body 32 is moved downward.



and the third fluid chanber 14 communi cate to each other 25 t hrough the
cut grooves 32a when the valve body 32 is noved upward, and the two fluid
chanbers 12 and 14 are separated when the valve body 32 is noved downward.
Further, as in the case of the down control valve 2, the pressure receiving
termnal plate 33a of the pressure receiving nenber 33 is slidable in the
upper cylindrical portion of the third fluid &hanber 14. The pressure 5
receiving termnal plate 33a separates the third fluid chanber 14 from a

back hanb [ t h I Vi t 1_nal

iate 3oa. The outer t BRECISE oRst AB Ve, 838BuPT38 v, ok, e i o VB2
| ots 32c.. Th \ 3 : it ' h@Cct | f

The. inner tube G3n PRne R e aSear g, LeEmendn pINed 333 BV Hilssit

liniting the extepeceivihg mehmbeirv83slisdisNg daBIRMEA! thet t dy
32 and the pressure receieing menber 33. A conpressionﬁggﬁgﬁg %@1%?6@38%1

provided in the i poetibubef3thelthirdafidulal whambele1@,.eSShe pReRistred
termnal plate 33a and the val ve body 32. A stopper-8 limts the upward
noverment of Bhe preeedwéngeterminglt plaiteal33al sepatdtesAthehetyd ridn fdalia |
in Fig. 2, the check valve 4 is arranged between the punp port 9 and the
first fluid 20 . cbpmbptr 142fromha backkprvessure cbambesecl6adisposescabote
| ocated on the edge portion of the punp port 9, a valve guide bar 41 forned
integral wi.th thethg PEessyresgegpdving terminal plate 33a.

The outer tube 32b of the valve body 32 has a
plurality of axial slots 32c. The axial slots 32c engage
10 _-with pins 39 projecting from the inner tube 33b. The
pins 39 are movable within the axial slots 32¢c limiting
the extent of the relative sliding movement between the
valve body 32 and the pressure receiving member 33. A
compression spring 36 is provided in the inner tube 33b
15 - and between the pressure réceiving terminal plate 33a and
+theiva1ve body 32. A stopper 8 limits the upward movement
_of the pressure receiving terminal plate 33a.
As shown in detail in Fig. 2, the check valve 4 is
- e  ar:anged_between-the pump port 9 and the first fluid
20.. . chamber 12. The check valve 4 comprises a valve seat 40
-located on the edge portioh of the pump port 9, a valve
~guide bar 41 formed integral with the valve seat 40 and
standing in the middle,'and a valve poppet 42 having such
an outer- diameter as to allow the join with the valve
:25 ~ seat 40, The.valve poppet‘42 has a center hole passed
thfough by the valve guide bar 41 and is capable of

sliding up and down along the valve guide bar 41.



standing in the mddle, and a val ve poppet 42 having such an outer dianeter
as to allowthe join wth the valve 25 seat 40. The val ve poppet 42

has a center hol e passed through by the val ve guide bar 41 and is capable %

~

(of sliding up and down al ong the val ve gui de bar 41. -9-..A conpression
"spring 44 is provided between the rear surface of the val ve poppet 42 and a
spring seat 43 secured to the upper end of the valve guide bar 41 and fi xed
thereto by nuts 45 and 46. The conpressioqbqpring 5 44 exerts a thrust

in such a direction as to cause the val ve

oppet 42 to join the val ve seat

40. The val ve poppet 42 is raised to allow the flow fromthe punp port 9

oreater than the s SPABREsstan BBR1hYAR" £8°BEBviflen, BePuthnCEharenan -
and the thrustggffhbe 68MBRESTaLIe SPbpPEtIE2 gha xakg§;@§22§§F§§3is made to

join the valve seat 40, thereby blocking the

low fr fluid

chanber 12 to $ééeupedt t8, thbegpple &nd 6f the ¢Rlve eﬁfééuﬁﬁzimt first

fluid chamber

12 and the thrust of the conpression spring exceeds the

pressure in theipedptheretd.byiguts 45 anfadéial PhieCobRpeessioR SpeVRGi on
view of . the flow control valve 1. The punp port 9, the check 20 val ve
4 and theSfirs44fesxedtshanbbrud® énesachaagdirection as to cause the

10

15

. 20

25

valve poppet 42 to join the valve seat 40. The valve

. poppet 42 is raised to allow the flow from the pump port

9 into the first fluid chamber 12 when the pressure in W
the pump.port 9 is greater than the sum of the pressure
in the first fluid-chamber 12 and ‘the thrust of the
compression spring 44. :
The valve poppet 42 is made to join the
valve seat 40, thereby blocking the flow from the first
fluid chamber 12 to the port 9, when the sum of the
pressure in the first fluid chambef 12 and the thrust of
the compression spring 44 exceeds the pressure in the
pump port 9. i
Fig. 31i$ a partially cutaway side elevation view of /
the flow control valve 1. _ The pump port 9, the check:

valve 4 and the first fluid chamber 12 are arranged

respectively below the valve housing 5. The pilot valves

.51, 52, 53 and 54 are fixed to the valve housing 5 by'

means of a subplate;ss. The. connecting passages of the
pilot valves 51; 52, 53 and‘54 are formed in the subp1ate
55.

The flow control valve 1, having a structure as

described above, operates as follows:



féspegtively bel ow t he val ve ‘housing 5. The pifot val ves 51, 52, 53 and 54

are ﬂLxed'to t he val ve housing 5 by neans of a subpl ate 55. The
connecti ng passages df the pilot valves 51, 52, 53 and 54 are formed in the
subpl ate 25 55. The flow control valve 1, having a structure as

descri bed above, operates as foll ows: -10- In order to raise the fluid

pressure jack, the fluid pressure punp is aci@ated and the fluid discharged
t hereby overconmes the thrust of the conpre55|on spring 44, thereby to force

t he val ve poppet 42 of the heck valy and flo into the
first fluid chamber 12IR Eéﬁﬁ FPuFGlﬁFIF SngBéﬁePFﬁésPHFUQF gs the £luid

Val've 3 1o opon, BRaSanFR pERR, 18, s8ERECRA R, the B T echgel, $BEL 5Dy
provided in the- Sg”ﬁgcﬁﬁég'eﬁeoihkgﬁfva#xgh%|8°mP93g¥i%% gb?ﬁ % 4t4h| %ere

fluid chanber 14 an e tan ort W T eési stance uste

by means of the stgppsgc8- twheaalbe Bb abtvahvefSthScﬁgaﬁe@agag a Ealasen,

signal is applled to the pilot valve Sg in a manner escri
above, the |gtterandl E18@sSihteheHei 8ipEePENLEEAN chambae anlseSﬁaﬁutahuan

rati o, whereby the fluid in the first fluid chanber 12 is admtted into the
back pressure chawbtl &Gescdmesther thoustt b€ tabveohpdpSQROMSsb@WﬁgeGG,
‘thereby to force the valve body 32 of the up control valve
.3 to open, and will return to the tank 17 through the cut
grooves 32a provided ih the skirt éortion of the valve
. 10 body 32 via the third fluid chamber 14 and the tank port
11. The flow resistance then is adjusted by means of the
" - stopper 8. |
When the pilot valve 54 is cidséd and a pulse signal
is applied to_the pilot valve 53 in a manner aé described
15  above, the latter will bé_switched ih proportion to the
pulsé.modulation ratio, whereby the fluid in the first
fluid chamber 12 is admitted into the back pressure
‘chamber 16 and as a result the valve body 32 is lowered
~ | togethef with the ﬁressure receiving member 33 by the
20 éifference between the forces exerted from the two fluid
" chambers 12 and 16. The open area provided by the cut
- grooves 32a is thus reduced and the flow resistance
becomes larger'accbrdinély, so that the fluid pressure in
the first f£luid chamber 12 Eecoméé higher.
25 ﬂhen such pressure is slightly higher than the
' preséure in thé cylinder port io, the thrust of the

'compression spring'27 is overcome ahd the valve poppet



’ <]

together with the pressure recei ving nenber 33 by the 20 . difference .
between the forces exerted fromthe two fluid chanbers 12 and 16. The npen
area provided by the cut grooves 32a is thus reduced-and the flow - )
\ resi stance becones |arger accordingly, so that the fluid pressure’in the
“first fluid chanber 12 beconmes hi gher. 25 When such pressure is
slightly higher than the pressure in the cylinder port 10, the thrust of

t he conpression spring 27 is overcone andithe val ve poppet - 11 - 21,
the val ve body 22 and the pressure receiving nenber 23 of the down control
valve 2 are forced to open as a single body, so that the pressurized
fluid is supp2ledthe vakvelhbdypﬁasandethecpressunghrebexvﬂﬁggmsmﬁ@ﬁ 21a, 5
provi ded in t;i Elrt rtion of the valve poppet 21, and via the second
f1uid chamber 3° nkhenh OUylﬁﬂGEF%oFel!e 2\aee £acced tonopeh amlae 3 i s

fully closed, of  the f|UI dj sch ed fromthe _punp. is supplied to the
f1uid pressur% %%ﬁ 8 fha ggglBFSFéﬂtﬁﬁsdffEPﬁdpi%sgﬁPﬂl}aék t he

ARRCETE AR PP E R RO T
o soh OFQ [ SRy NAeBEK BRESSRIELBRRRTER!Be' Uh8 S o BlERL: ", LY
The val ve bOdsYig’Ztﬁ‘stEQSnﬂrEﬁﬁi‘éecﬁSﬁSEif' B8 EREPehe3dy1iH88r port 10.
When the up control valve 3 is fully closed, all of the
:fluxd dxscharged from the pump is supplied to the fluid :
pressure jack. ~
10 To decelerated the fluid pressure jack, the pilot
valve 53 is closed and a pulse train signal is applied to
the pilot:valve 54, whereby the pilot vaive 54 is opened.
As a result the fluid is discharged from the back pressure
chamber 16 into the tank 17 at.a flow rate which is
15 preporribnal.to the pulse duration modulation ratio. The
valve bedy 32 and the pressure receiving member 33, then
forming in combination a single body, are thus raised by
the pressure in the first fluid chamber 12. _ - \)
The open area of the cut grooves 32a becomes larger
20 and the fluid'flow rate discharged to the tank port 11l
becemes higher'eccordingly, se that the flow rate supplied
from.the cylinder port 10 to the fluid pressure jack will
'decrease.notwithstanding the pressurized fluid flowing
-into from the pump port 9. ~ _
25 When the pressure in the first fluxd chamber 12

decreases to about the pressure in the cylinder port 10,

the valve body 22 of the down control valve 2 is lowered



. , i
form.gg in conbination a single body, are thus raised by the pressure in

t he ﬁljst fluid chanmber 12. The open area of the cut grooves 32a becones
larger 20 - and the:fluid flow rate discharged to the tank port 11 becones
hi gher accordingly, "so that the flow rate supplied fromthe cylinder port
10 to the fluid pressure jack will decrease naotw thstanding the pressurized
fluid flowing into fromthe punp port 9. 25 12 - When the pressure in
the first:- fluid chanber 12 decreases to about the pressure in the cylinder

port 10, the val ve body of .t he wn control ,val ve | S e - 12-
gy t he thLus]E of E’ﬂe%é’&%ﬁ%s & FoRPressian r?&rt%ﬁls c'ioér)fnumq;nlﬁkakt’inc?n%e
etween the first ' I , éﬁ§h | '
ensur ed 'be_'t'vvee_h tﬁ?ﬂg“ea %@%ﬁéﬁﬁamr\?ﬁ \%e'ﬁsl(e%ge.gs e‘?ﬂd o
pressure 5 | ClendgiRhe A a1 e @ sed By Ald) driguriP Wi don.

It wll be understood that the acceleration speed and the decel eration

speed of the fl Ui GdHIgTg mfenbrak 2P and Yhddlvaedeatont rMid eflld Press e
t he pul se duration 10 nodul ation ratio for the pulse train which drives

the pilot valsves Sfackyd tierdfore, idun Iserurely afairta i uith prssente j ack
will be described. Wien the pilot valve 51 is closed and a pul%e train
: position. : ' |
It will be understood that the acceleration speed
~and the deceleration épeed of the fluid pressure jack can
then be freely controlled by means of the pulse duration
10 modulation ratio for the pulse train which drives the
pilot valves 53 and 54.
Next, the lowering of the fluid pressure-jack will
be described.
When the pilot valve 51 is closed and a pulse train
-~ 15 signal is applied to the pilot valve 52, the pilot valve
52 is opened and the fluid is discharged from the back
pressure chamber 15 to the tank 17 at a flow rate which
is proportional to the pulse duration modulationlratio.
./ ' . The £luid pressure exerted from the second f£luid chamber
. 20 13 on the pressure receiving member 23 forces the valve
body 22 to rise together with the pressure receiving
member 23, thereby increasing the open area of the cut
grooves 2la in the skirt portion of the valve poppet 21.
The pressurized fluid, whiqB was acting on the fluid
25 pressure jack, will flow from the cylinder port 10 into
the first £luid chamber 12 via the second fluid chamber

13 and hence the fluid pressure jack will be lowered.



15 signal is applied to the pilot valve 52, the pilot valve 52 is opeped
and the fluid is discharged fromthe back pressure chanber 15 to the 'Rk

-~

17 at & flowrate which is proportional to the pul se.dufation nodul ation %

‘ratio The fluid pressure exerted fromthe second fluid chamber 20 13 on
the pressure receiving nenber 23 forces the valve body 22 to rise together
‘with the pressure recei ving member 23, gﬁ%reby I ncreasing the open area of
the cut grooves 2la in the skirt portlon of the val ve poppet 21. Thée

i ow from the oyl EREGEIDAA wigeH BAaRI dntd ihe s HEiley thkhe“"
second flui dcelamiagr 153 53/ r@@ﬁéd“frfdrd“ﬂd%ﬁ Jtﬁs?“tﬁ'&

Spered.
-13- The-fluid which has fllown into the first ?ﬁﬁ#{ chanber f% I's prevented

fromflow _HQSO%EI bl dc'kd ngU EheP @hleck RMalver i b e Hac kAl W se SO t hat
It wll raise e val ve body 32 of the up control valve 3 by overcomng 5

the thrust ofthehwalwepbody 32 o ithe Up coMrAly vdlwe ' Bitover ddigidgnk 17

via the third fluid chanber 14 and the tank port 11. On the other hand, to

decr easS t he thieowhraisd, cfhdhe lcompraissidi? spr irigy 36, b retey flomingl ve 51
Is driven 10 by a pulse train signal, so that such valve pilot 51 is
opened. Ac otrtditegithea traindsyy 172 tvd. ap tdaeo it dnéa £ Jud & t@tha;e Iurand drhe

nDduIatlon ratio is supplied to the back
tank port 1l.

. . On the other hand, to decrease the flow rate, the
pilot valve 52 is closed and the pilot valve 51 is driven v
10 by a pulse train signal, so that such valve pilot 51 is
opened. Accordingly a flow rate proportional to the
pulse duration modulation ratig is supplied to the back
pressure chamber 15, thereby ldwering the valve body 22
and the pressure receiving member 23.
15 The open area of the cut grooves 2la provided in the
skirt portion of the valve poppet 21 is thus decreased
and the flow rate from the cylinder porﬁ 10 to the tank
port 11 is decreased accordingly. In this case, the fluid
flows from the cylinder port 10 to the tank port 1l o
20 through both the down control valve 2 and the up control
valve 3. That is, the lowering of the pressure occurs in
- two steps. This can suppress or reduce cavitation.
Just as in the case of the up control valve 3, the
acceleration speed and the deceleration speed of the fluid
25 pressure jack can be_arbitre:ily-contrOlled by varying

the pulse duration modulation ratio of the pulse signal

which excites the pilot valves 51 and 52.



pressw.e chanber 15, thereby | owering the val ve body 22 and the pressure
recei ing nmenber 23. 15 . The open area of -the cut grooves 2la

priovi ded in the skirt :portion of the valve poppet 21 is thus decreased and
the flowrate fromthe cylinder port 10 to the tank port 11 is decreased
accordingly. In this case, the fluid flows fromthe cylinder port 10 to the
tank port 11 20 = through both the down control valve 2 and the up control
valve 3. That is, the lowering of the pressulé eccurs in two steps. This
can suppress or reduce cavitation. Just as in the case of the up control

val ve 3, the acceleration speed and the decel erati on speed of the fluid 25
pressure jack can be aFhetseaiing cofitthe| chegk valyend ihenexds=itthtred i on

52 oy 2 oSk b tes *the "RuekTod 08ehat {Snecandia dearemiot aur| ng
Sl ght Teakage s sipernp PRRed SFERERacle SRR EAGR AEfattkeskann dne and
511 DS,LaTee. pdbletag, fo! SRSCETPRY GinTILT 0 Sl 15 SHSECALYS
e SansConre 10, Beashigpas ORRACTIL, of 156 SECSLy S SR, 4P i
denoted by the sagke¢kf¢atvées will cause no problems. :
| Referting to Fig. 4, there is shown a flow control
valve according to another embodiment of the'pfesent
‘invention, in which the same parts as those of the above~
110” " ‘described embodiment are denoted by the same references
and therefore their description will be omitted. This
embodiment differs from the above-described embodiment in
‘the connecting structure of valve bodies 122 and 132 and
* pressure receiving members 123 and 133. In this
15 ° embodiment, the pressure receiving members 123 and.133
are cup-shaped and the valve bodies 122 and 132 are
inserted'theréin, their separation being prevented by
snap rings 128 agd 138.
fhis flow control valve operates in the same mahnér

20  and has the same benefits as the above-described

embodiment.



and therefore-their description will be onmitted. This enbodi ment dlffers
from the above-described enmbodi nent in the connecting structure of val
bodi es 122 and 132 and pressure receiving nmenbers 123.arid 133. In this 15
tenbodi ment, the pressure receiving nenbers 123 and 133 aré cup-shaped and
the val ve bodies 122 and 132 are inserted therein, their separation being
prevented by snap rings 128 and 138. Thite Tlom/control val ve operates in
the sane m&&&gE.ZO and has the sane benefits as the above-described
enbodi nent=——"=15- 1. A fluid control valve having a first fluid
chanber connected to a punp port, a second fluid-chanber connected to a
cylinder port, and a third fluid chanber connected to a tank port, said

fluid contjol vaAVﬁuggi A1 F80R nk pzr@oatfl stff.llﬁl‘éif %gg@i gr% to

said cylin er port rom said c port to sal ort an

conpri sing a@‘?eek \aahd&narsmuzde&@e&mmed 8/ BPcPinbe A pdrS,2hAd fd I St
fluid cha allowing the fluid to pass therethrough onIy in a

direction third faui phasbep wdnnectetnitd & itank pbrt) datd@10ed coacievwalvent r ol

val ve provi ded between. said first fluid chanber and said second fluid

chanber, abeing aordngetl tamkortrod fkaw Exemi sbid pemp poat cbd said cflinder cpmnberf

and said third fluid chanber, whereby the fluid is allowed to flow form
sai d pum’S p&riiromosais whyﬁ%eert & 821 tanly mosaua@dmmsmv@ cheek M@¥egh
sai d down control val ve Wh%q? sai d check, val ve and said down control valve

are openedpr%dletﬂh%eq"?ﬁ? §249 AR QF tc3nd $8ET LhEFE flgid shameex forpaliowiag

al l owed tOi:rf1e| %\ﬁ{ulg = o el'xerethrough only in a direction from said pump port to

said first fluid chamber, a down control _'valv_e provided between said -

firét £1luid chamber and said second f£luid chamber, an up control valve
10 proviced between said first fluid chamber land said third £fluid chamkter,
whereby the fluid is allcwed to flow frdm said pump port to said cylinder
port through said check valve and through said down control valve when
said check valve and 's_éid down control valve are opened, and the f£luid
from said cylinder port to said tank port is allowed to flow through said
'15 down control valve, through said first fluid chamber and through said up

control valve when said down control valve and said up control valve are

opened.

2. A fluid control valve according to claim 1, wherein said down
20 control valve includes a valve body which, when acted upon by a pressure

in said first £luid chamber, is movable in an opening direction,

Y o g
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15 dewn control valve, through §aig first fluid chanber and t hrough said up
cont ral val ve when said down control valve and said up control valve are

opened. 2. A fluid coentrol valve accordin%. o claim1, wherein said down
20 control valve .i.ncludes a val ve body whi ch, ien acted upon by a pressure
in said first fluid chanber, is novabl.e in an opening direction, - 16 -

a conpression spri | | r ' ' ' it h' respect
Fo such pressure FheSRReR ot RIS IINE (£ SODAAdE A U] hveger™T""
provided on the otdiafestiin ofitinirksgdare w@h@{l%{%f@' e ARl 5
pressure. 3. A fluid control valve according to claim?2,. erein-said

val ve body is prodideectiaon, @ndm pressyd iresebving ndubdt igrdvadaiedn

opposite to a 10 valve seat. 4. A fluid control valve according to claim
1, wherein sai d ufh®mther &ide afh@aik valvwe badp@hd weadivingea baekt ed
upon by a pressure in said 15 first fluid chanber, is novable in an

openi ng direeétion PEEYIMERessi on spring prel oaded in the reverse direction
with respect t.o such pressure receiving direction, and a pressure receivVing
menber provided on the other side of said valve body and receiving a back

pressure. -20 5. A fluig coptegha \@nt SOWIW b dd i) &4 Uidin 2,
- wherein said valve body is provided with an
L'annular sealing member which is located opposite to a

10 . wvalve seat.

4. A fluid control valve according to claim 1,

wherein said up control valve includes a

3

valve body which, when exertéé upon by a pressure in said
1s fi;st fluid chamber, is movable in an opening direction,
a compress}on spring preloaded in the teVersé direction

" with respect to such pressure receiving direction, and a
pressure receiving member provided on the other side of

said valve body and receiving a‘baék pressure.

5. A fluid control valve-coﬁpriéing a first fluid
chamber connected to a pump port, a second fluid chamber
‘connected to a cyliqde::bokt, and a third fluid chamﬁer
connected to a tank port, said fluid cbﬁtzol ;alve.being

25 ‘atranged to control a flowing from said pump port to said
%é?lindez:port, or from sai& cylinder port to said tank

"-fpgrto_a check valve provided between said pump port and

LT



chanber connected to a punp port a second fluid chanber connected to a
cylinder port, and a third fluid chamber cofnected to a tank port, sal dw,

i fluid control valve being 25 arranged to control a flowi ng fromsaid -
unp port to said cylinder port, or fromsaid cylinder port to said tank
port, a check val ve provided between sai d%bunp port and -17- said first

fluid chanber for allowing the fluid to pass therethrough only in a
direction fromsaid punp port-to said first fluid chanber, a down cofhtro
val ve provi ded between said first fluid chanber and said second fluid 5

hanb db t d f t_fl d chanb d
Chamber ;AN MRl ftad HUE P el DeLreen Sal S LS eludl G amer and

d
ey oy T iHerdthrotigl Wil A% @ exé‘{ef‘cﬁt} o el ) Pl ey ¥, 00,
val ve body whiggia Wigs 2 ded d/Rianbes mw%g.ﬁﬁﬁ' @Jw&tﬁé&k&&a

chanber, is novable in an opening. direction aving an o

cylindrical tgtweRinGaid FHEstO Fluide dhHanbird dnd ¥a idy Idedna F1uigbe. 15
6. A fluid control valve according to claim5, wherein a plurality of

axi al sl otss achambed,deth arp kil evalve iprbvided thetewe e Gsgpidn SE fxmt .
engaging with said axial slots are provided on said inner cylindrical tube.
fluid chamber and said third fluid chamber, and said down
control valve including a pressure receiving member for
receiving a back pressure from an upper portion and having
an inner cylindrical tube projecting to a lower -
10 portion, and a valve body which, when acted upon by a
pressure in said first fluid chambei,-is movable in an

opening direction, and having an outer cylindrical tube

being_formed to slide to said inner cylindrical tube.

15 - 6. A fluid control valve according to clﬁim S,
wherein a plurality of axial-slots are |
provided on said outer cylindrical tube, and pins for
engaging with said axial slots are provided on said inner "
cylindrical tube.
20
7. A fluid control valve according to claim 5,
wherein said up control: valve includes a
- pressure receiving member for receiving a back pressure
~ from an upper portion and h&ving an inner cylindrical

25 tube being projected to a lower portion, and a valve body

which, when acted upon by a pressure in said first fluid

* C L M S *



i A\ilUId control valve according to claims5, ‘wher ei n sai d up control

val ve-i'ncl udes a pressure receiving nenber for receiving a back pressure
fi om 3n upper portion and having an inner cylindrical 25 t ube bei ng
profkected to a |laower portion, and a val ve bigy whi ch, when acted upon by a
preqsure in said first fluid -18- chanber? T's novabl e in an opening
direction, and having an outer cylindrical tube being fornmed to slide to

Substant 1 &l |y aschefBer-a38.pouahle; in RoroPenibbiateRbtSone il pavirgur s
1-3 or 4 of the aacegrarycPuidBRICAYStube being formed to slide to said

inner cylindrical tube.

5 8. A fluid control valve substantially as herein
described with reference to and as shown in Ffqures 1-3

or 4 of the accompanying drawings.
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