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AIRS-TO-HYDRAULK FLUAD PRESSLIRE AMPLIFIER

CROSS-REFERENCE TO BELATED APPLICATION
This application olabms priovty baek o UK, Patent ”&{Jg\}ia stion No, 700,886
thied on Apal 30, 2015, which w tum clams prionity back 1o 118, Patent Application Mo
URGLO3R Dled on May &, 28140 The contents of these applications are incorpovated

nerEin by velfgrence,

BACKGROUND OF THE INVENTION

Fisld of the Invention
1he present mvention relates fo the field of dovices dat prodoce pressurized
hydranhic thads, and move parficudarty, 1o devives that utilize compressed alr to drive a
CCIprOCAling aly psten i ouder 1o produce pressurized hydraudie fhad for parposes such
as soluating hyvdraulie bt oviindens.
2. Blesorption of the Related An
Althoagh there are a3 pumber of fsyued UK patents and paterg apphications that

deseribe Mm*zx rautic Huid prosswes ;‘;“Hpisii rs, aone of these prior-art inventions

’\

rams, custom-designed sl s:}‘fl-sti‘@li‘;i: sepsory {0y the ar pisi:{;m and an oasily wplaceabls

annular seal i the hydraulic rams

WS, Patent Mo, 4,407 204 (MeCamiek, 1983 ) discloses a hydeantically aotivated

curnping system o rabway cars. In one embodine, the vention smpldovs a booster
wan that 1§ comprises g large bore gt oylinder connectad o 1 amall bore hvdrandic
cyiimnder for the purpose of using low-presswre compressad atr to provide high-pressure
hydvaudic Hotd, The g oylinder is reciprocated ® prossurize the hydranhie fhad. The
wvention comprises a single hydeaulic sam, which produces one pressure stroke of
hydranhic fhaid for each back-and-forth evele of the piston in the adr oviindes

ULS, Pstent No, 5,261,333 (Miller, 1993) discloses an aetomated ballast door
mechamen for use with a vatbroad hopper car. The nvention comprises pressurized

b

frvdraulic fluid, whiel is produced by an air-powerad motor that drives & hydraulie fludd

. The detatls of the motor and punp are nod disclosed.
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LN, Paterd Mg, 7 {}Q‘g ‘fl‘f%z {§§ IR &f {}‘s‘, ,i@ﬁ{’a\}\ [ RS ?._ﬁﬁ’s}i Ng; ki :}' 3 f(v,.i;{;
{Lore N?f*-‘fi of sel,, 2014, ULS, Patent No. 788304 (Herzog er of, 201 1) and ULS. Palewt

Mo, 8,315,184 (Creighton of al., 2014) are rolated putents tha disclose discharge contral

systems for mitroad cars. Some embodimonts of the nventions disclossd i these pateuts

}(‘,

crntoy alr eviinder sctuators and hydraoalic motors, bt no aleto-hydrautic foid mesage
ammpiifiers are deseribed.

LS, Patend No, 7328681 (Allen er i, 2008 discloses g contral devige for a
rattroad car door. This Inveniion comprises an aiv piston actuator bt does e comprise
hydrawdic components,

U8, Fatoa Moo 7389,732 (Tavior, 2008) diacioacs a mechanism fon selectively
opesating hopper dooes of & matlroad car, This imvention stoes not compeise hyvdraulic
COIBPONANY,

UL, Patent Moo 6,192,804 {Sancad, 2001 1 discloses & hydranlivally sctamted
ratbway par dienping systewy that comprises a prvumatiodo-hydmaulie prossure amplifie.
The pressare amplifier of this invention comprises twve prewmatic pistons In bwo separate
prcwmnatic eviinders that are Huked to & single, double-acting ;iii}'-f}sfirﬁmii.{:-‘ amp ViR &
piviing over an

L5, Patent No, 8,701,563 (Creighton ey of, 20141 discloaex devives for powering

ratiroad car doors, in ene ombodinend, an ar motor iy used o drive g hyvdvadico pup

(Fig. 13} bat oo details of an aiv-to-hydmalic pressore amplifior are disclosed.

BRIEF SUMMARY OF THE INVENTHON
Axn alvto-hydraudic Bold pressure amplifior conywising: an alr oviinder having an
miernsd reciprocating air piston: g first hydeaalic ovlingder baving # first valve fithng and &
first internal hydraulic ram that i sHdabiy positioned within the fivst hydrandic ovinden a

second hydraudic cylinder having a second vabve {itting and a second el hydranbic

f

ram that i shidably positioned within the second hydrastic evlinder; a fivst flow control

valve and a second fow control valvey a fivst phimger-opented pilod valve and a sscond

plunger-operated piot valve; wherein o proximal ond of the rst hydranbie ram IS rigic

(n-b ‘

iy

attached o a first Bwee of the aiy piston so that & longlindinal axis of the st hydrankic

.

a1 cotinesy with a longitudins! axis of the air piston, and whorein  proxinal ond of

z‘?
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the second hydraulio tam s righily attsched o a sevondd face of the aly piston so that a

wigiucing axss of the second hydraulie vany iy collinear with the longliuding axis of the
air paston; wherein when a first port of a directional control valve supplics compressed afr

to u pilos of the frst How control valve, the first contral valve supplies air to & first adde of

the aar eyhinder vig & fivst atr ovlinder port, thereby moving the air plston teward a second
sihe of the aiy ovlinder; wherein ay the alr piston moves to the second side of the air

o

cyimder, an present in the second side of the alr evlinder is exbausted through a seoond

/,-'/

air oyader port aand twough the second How control valve in atmosghere; whereiy

movement of {he fiy piston ward the second side of the air oviinder csuses the firg

bydranlic ram 1© move toward the second side of the atr ovlinder, thereby prossunizmg

. .

hydeanlic fuid within the frst hvdrandic ¢ vhinder sid forcing prosourized hvdeau

b fhadd

within the fest hydraniic evlinder to oxis the first hydraulic oyBindsy through a fiest

tydrauie cheok valve and through a fivst oxternal hvdraudic Hne inlo sxternal BR
cylinders; whereln moverment of the alr piston towand the second siste of the alr ovlinder

thorehy drawing hydmeelic Tiad into the second hydmealio ovhnder Hom i‘};sf-iﬁ:z‘mﬂgis::

-

reservolr taough & second externad hydranlic Hue and through a second hydeanlic check
valve) wherain the aiv piston contirgivs 1o move towwrd the seocrd side of the sir ovlinder
Lt i contacts v fivst plunger-operated pilot valve and whersin the first plinger

sperated pilot valve s s endrotsiroke sensor for the o piatost

in g preforrad embodiment, when the aly piston comes e onntact with the first

d:pp

plunger-operated prot valbve, the fiest plusger-operated pilot valve supplies compressed

adr &y @ st preamatic pitot tubed the Srst prcomatio pilof tube s commectad o g Hrst

S o, .
"'J‘.'o?

pitet of the dvectional control valye alr pressure on the Hrst piiot of the directiona
comtirol valve canses the directionad control valve to shuttle, thereby vausing COMPIEsse S
alr 80 He sRp ?'i‘ d from & secoud port of the divectional control valve to a second
pragirnatio piot tebe that s connectad 0 8 pilat of the second flow control valve and

ey viindey through a fest aly

?

SN ERTIRE e :u. 4 w3 Ny v reaten T SAINC YN \t .‘(?{:f{c MY
Causing comprossad & o How intn the seonnsd side of the s

Sugrdy prpe, through the second How control valve, and through the sscond aiv oybinder

ports the comgressed air moving e the second side of the aiv oylinder canses the air

gmtv IR S0P ROy 5‘18 o the second side of the apy L‘sii“f‘is} erand o i***e:\’ i3I i?:':*e“.‘i?}g

Lrss
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tosward the finyd side of the atr ovlinder; an outprd of the compressed air shiffs Hom the

fest port of the direchional flow contrel valve to the second port of the dirsctional control

// v

VRIVE, Eir prossure i removed from the pidot of the first Bow control valve, theveby

a:.;sr;zs;.i’jr;g_ ternal components within the first flow contod valve ©© shifl an internal air

)f-fnﬁ

How path within the first flow control valve to a deactivated state; and the shifting of the
aternal alr How path within the firgt Hlow control valve to 8 deactivated stite allows
compreased aiv i the fiesd side of the alr evlinder to exit the air oyloder throngh the firgt
cylinder port sud eseape 1o atmosphere through an exhaust pors of the frst flew contral
vaive,

a:-:g:*}‘;i;zsier t?z alr piston moves toward the fivet side of the afr wylinder aud away from the

o

seeond side of the air eylinder; compresaed ag flows through second port of the
drroptional conteol vabve o the pilot of the seeend flow control valve, thereby causing the
sevend comtrel vabve o supply compressed air to the sevond side of the aiy ‘oyhindsr via

the second air evlinder port; a8 the alr piston woves toward the first side of the atr

nder s exhausiod o atmosphere throoeh

f',-"f *
f")

oyvhnder, iy that 5 iy the st side of the &y ovl

the fiest How control valve vis the fiest alr ovlinder port movement of the aly piston

owanrd fhe frst side offthe alr e }'i iier cuoses the second _f‘i}?sﬁffr{miﬁg rars i move foveard

tydrauhe oylinder sl Raving the pressurized byvdeaulio fim 0 exit the seeongd i}\ draulic

< 4 R A A S SR DR

syiinder tleoogh g thind hvdraalic cheek valve, trough athivd externgd vdrandio ing,

e

anct wite the oxlerngd BR ovliinders;y and movement of the &Efzf piaton toward the St side of

the air eviinder causes the first hvdraglio ram 1o move towand the First side of the Brst

i v

bvdraulic svitnder, %m&?w drawing hvdraulic Soid bvto the m\z vy mai_ig:: eyiinder from

J'.l".n'

e

n-’/

the ﬁ\\ii&mig roservorr vig 8 fourth extomsld hvdrauh  iine and through a fmrtly §u {ii adio

check valve

i preterred embodiment, movement of the air piston toward the fiest side of the

arr eyhnder causes 1t o contact a second plunges-aperated pilot valve, therehy causing the

lq,.

SQCQ%d ‘Qiiﬁ‘f‘ig\’?i ggﬁiyg ggd ?i}&}i g.:a}g:‘,ﬁz £O \Qp?i} S APNS aget N4 \? & iﬁ d"si 3”3*2&1 i El<1§ ii., ‘Qii{?i

oy

tabe that 18 connected 0 g second pilat of the directional cortro! valve; alr pressure on the

spvoaid ot of the divectiona! controd valve caguses the divrsctionad control valve o shuttle,
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theredy causing compressed air {e be suppdind froms the first port of the directional control

valve 0 ¢ fourth prsumatic pilot tube that is connecied 1o a pilot of the first Sow contral

a'\»

valve and causing compressad air to How into the Hrat side of the alr eviinder through a

“ N\

sevond air supply pipe, through the fivst Sow control valve, and through the frst alr

o

v

NI S SV SR DS ST .{ Nex Tertan 3oy 3ot colod . v ST
CYHNGOY port] the comprassed ale moving into the Brst side of the alr evlinder canxes the

“

Fpaston 1o stop moving loward the i

« »

ivat side of the adr evlinder and begin moving

Pvd.a

&

:-m-

soward the second side of the alr eviinder; as ontpot of the ¢ coppressed gy shifts from the
second port of the directional flow control valve 1o the first port of the divectional controd
VRIVE, @y prossure 8 romoved from the pilot of the seconsd flow contrad valve, theret 3%
cansing the second Jow contral valve i shift o o deactivated state: and the shitfting of
the seveand How contral vadve o a desctivated state allows compressed alr In the second
side of the air oviinder o exit the gir cvimder vix the sscond alr eviinder port and escape
fed almposphiers ?ixii&i 1 an exhanst port of the second Sow contral valve,

in g preferred embodiment, the invention further comprises a Nt seal d Roeper and
a second seal Keeper, wherein the first seal keeper mainiaios a fhad-ight pressure segl
bebweern the air oviinder and the first and second hydraulic oviinders, and the second seal

w

keeper mainiains a fuid-tght prossare seal between the atr ovlinder and the first and

i’

second bydradic rams. Preferably, both of the first and second seal keepers are v the

vt of 8 oylinader with & hollow core

i/v

in o proforeed embodiment, the nvertion farther comuprises a first ongd Mook tha

s the Hrst bvdrauiio oviinder and a second end Mook that

‘l".’l

aitaches the siv ¢ & Hnder

attaches the aw oviinder to the second hydmalie ovlinder, wherein the fisst plunger-
erated pHot valve is installed into the first end block, and the second plunger-operated
pited valve 18 tostadied into the second end block, Proferghly, the fest hydrandic check

3

valve snd the foarth hyinndie oheck valveoars attached o a distal end of the first
frvdraudic ovimder with a fivst dual-port threaded valve fitting so that the fivst hvdvaulip

Hnder and the

r.ﬂ'

cheek vabve i comecied parailed 1o a radiad axis of the fing} hvdeanlio oy

fonrth hydranlio aheck vabve s comnected pavallel 1o 8 longitoding! axis of the fiest
hydraudic evlinder. The seeend hvdraulio check valve aud the thind hydeanlic cheak valbve

-

are preferably gonmneetod 1o a distal end of the second hyvdraolie ovlinder with a seoond

o
e

dual-port valve fitting so that the second hvdraudic cheok valve is connected pavadlel to

Kol
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% IR AP LT ST A 3y "'\.‘._. - DI ST S & O oo o
longitadingl agls of the second hydranlic eyhinder and the thivd hydraulic check valve is

,.-

cormsvied paralle! o 2 racial axis of the second hydraulic oviinder,

f

18 & probes °d mbodiment, an cutlet of the first plungeroperated pllot vahw s
conmacted 1o fist pifot of the dircctionad control valve by the fivst prowmatic pilot fube,

and wherein au outlet of the second plunger-operated pilot valve s connscied & & seonnd

'V

priot of the directional vontrol valve by the thind preamatic pifot tubgy and the second

ot of the directionad contre! valve I3 connected o the asvoad flow wmm{i viive with

o

the third pochmatic miot tube, and the first port of the directional contred valve ix
connected B the fivs! flow control valve with the fourth preumatio pilot tube, PFreferahly,
the freverdion furiher comprises 8 et delp leg and a sscond diip leg, hoth of which e

= 13

soanted o & bottom alde of the air eviinder, snd both of which are moisture drain valves

.f

N

oy drarn fhiads that acopmaiate on 2 botiony nsdde zsurface of the aly evlinder. Bach of the

e

first and sopcand hydranlico rans preferably hus an outer diameter, and the cuter diameiers

of the firsl and second hydraulic rams are selested w0 provide 8 ceraln value of pressure

i a preforred cmbodiment, the fivs g}h}*}g SE-OpreTat ed prlot vadve comprise an il
port, an outiel port, @ planger, a barred, and g comprossion spring with a foree; the plungas

comprises 8 mash rod and an éisfm'uizaiz* flow channel; the barre! has four flow channels: the

tirst plunger-operated ot valve Is acivated when the push rod of the plunger is

-y

contacied by ihe air paston, thershy causing the plunger (o overcome the fores of the

comprossien spving and o wove; and movement of the plunger causes the fow channgl
af the plungs © commeet o the four fow channels of the barrel, thereby allowin 1o

cornpressad @ jo onter the miet port, pass through the How channels of the p pluneer and

ihe bar ;:;,i,t angd exit ‘fﬁ}“{sagi} & Qiﬁ'i@iﬁ}ﬁiﬁﬁl Profe iﬁfif}?-;, the seeond }"*? RERLe Ywag}&m‘imi ;\tii 3
VAREVE ¢ Oi}‘;\tiww an et OTE, @ Quithet PO, R} ;mm T, & i‘iﬁiid and & LAMRPILS ARIOL G iz}g

with & foveel wherein the plunger comprises a pash rod snd o enodar fow chanoel;

wherein the harrel hag foor flow channels; wherstn the second plunger-operated ;s ot
valve is activated when the push rod of the planger is contacted by the air piston, thereby
cansing the plunger 1o overcome thy force of the comprassion nSpring amd o pwovel and

wherein movamment of the plunger canses the How channel of the phlunger 1o cennect o

the four Hlow channels of the harrel, thoreby alfowing comprossed alr 1o onter the inled

&
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pott, pass through the flow channels of the phnger wd the barrel, and exit through the

owtiet port

RRIEF DESCRIPTION OF THE BRAWINGS
Frgure 1 13 @ schomatic depaction of the presest invention shewing the maios

nReumstic and hedeaalin componenis,

i‘.‘:igi{i’*‘-_ 318 8 sehomatic deplotion of the prosent Invention af g tme h with the air

g fromy ol to vight within the aiy evlinder,

’/
AR
{.‘}
pmy
H-J
o
M'i
,,.d‘
4’“
M
A
,?"';"

Frawe 2 ¢ 8 senemalie depiction of the prosent nvention at a time \;&;‘h{%ﬁ, thiee air

i J

J-N-A'r
’//

istons Bas traveled 1o the right sufBoisntly 1o contact the fiest plhinger-activated pilot

i" .
35 Y 2N
l‘ {3-:{ ?} e

Figure 4 35 suhematie depration of the pim&f‘ﬁ rveniion & g tme b owith the al

15 a schematie depiction of the present yvertion at & fime towhen the gl

}\

Fig

piatom has traveled {0 the ol sahiciontly ©© gondact the sepamd shunger-gotivated pio

4 {/’

.ll"

%‘... ;«.:i E“) 3:3 \
Figure € 15 an isomeinie view of the presont invention showing the front, sight and

tap stdes.

Figure 8188 ;:ii-am. view of the prosont mmiwr‘ :

e B i o oross-sectiont longiudinagd view of the pneustic sad Rydranlic

oyiinders of the proserd vention taken &t the conter ling of the preuwmatie snd hydraulic

Figure 1015 o magnifiad view of the sealing rings of the aiy vylinder of the prosent

Figare T is g magnified view of the seal keeper of the present invention.

Figure 132 1s a cross-section longitichinal view of the sir eviinder sod plunger-
operated it valves of the prosent mvention taken at the conter fme of the phanger-

operated piiot vadves.

Figare 12 1 8 mapniiied ongiinding orogs-sec w:} view of a plunger-operated

pifot vabve, with the vabve shows o the closed position,
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Plgare 14 18 @ magnilied longindingd oross-soction view of a plunger-oponted

pilot vabve, with the valve shown i the open position,

Figure 13 18 a cross-seehion axial view of a punger-aperated pilol vadve showing

....... m

the wternal g How channels within the bael,

REFERENUE NUMBERS
i Frosent nvention, hydrawdie prossure amphifier (schematio viow)
2 Adr supply {achenidio view)
3 Hydraubie Sud reservoir {schemativ view)
4 Lift oviinders (schematio view)

o

Afr eyiinder (schematic view)

Le

3 Adr piston (schematio views

¥ Fiest Bydranhio eyviimder {schemuatio view)
8 First valve Siting {schematio view)

G First hvdraulic ram {(schomatic view)

tO Secvand hydvauhie oyvlinder (sehenutic view)
P Second valve Hiting (schematic view)

b

12 Second hydrauhc ram SsChomatic viow)

13 First sogl keeper (sohematio view)

MJ&

£ Second seal keeper {schematic view)

1S Diost hvdraulic chegk valve {schomatin view)
by Second vdrauhic chogk valve fschomstio view)
17 Flard hydrauiic choek valve {achomati view)
is Forertlt hyvdeadic eheck valyve > {schenatic view)

g Pharections] contrad valve {schamatio vipw)

,ﬁrn

IR Frest flow control valve (schamatic viesw)

¢ oo}

eeand Hoow contrgd valve Schematio vigw)

§
o wh

I

2 First plunger-opersied pliol valve {schamatic view)

23 Second plunger-operated pilot valve (schematic view)
R Bk ywater separatey {sehemabio view}

’\

23 Parttculate filler {schomatic view)

£
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26 Combination fltsrrepudstor-lubricator, FRL {schomuic view)
27 Compreased atr {schematio view)

.‘} 3 i::\" "i . ; ""?ig‘}’ iib , . - ‘f..'\ -xi AT " N _3’? o ?‘\

A PR ERY SVHRGAY PBOTT { SORSRENR0 VIOW

e Secomnd air eviinder port {schemsatic view)

.§?§§-‘a§;z*&s.§}i ¢ Hpid (schomatio view)
31 Firsthydraulic Gne {schematic view)
Novad hyvdrauhe e svhamatie viow)

=R R T e _ 4 3 wa v p
33 Farst pnowmatio piiot fube sehematic view)

First pilot of the divectionsd control valve {schematic viow)

4 }p’

Second preunatio pilot tobe {schematio view)

36 Fust air supply pipe (schematico view)

3

37 Third by srandie

~-4

o
lﬁﬁ

e {sehganaiio view)

I8 Fourth kydrsulic line {schomatic view)
3% Tioed progmahic plol tube {schamalic view)
S secpnd pilot of the directional control valve {schematic view)

41 Fonarth pooumatic pilol tube (schemativ view)

v

42 Sevond aiv supply pipe (schematie view)

ﬂd&?

A
vy
v,
c-rg.u
).M.r “
I
P
..
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Tos
>4
AL
Aoty
rrul-

cyimder

I

cond hs Tran }i

First hvdraubie check valve

w

.

Secomd hydraatic cheek valve

,l‘

0 Baesctional eongd valve

51 First flow controd valve

83 Second flow cortrol valve

§3 Fiest pinngeroperated paiet valve
RE Second planger-operated pilot vabve
5 Bulk water separator

Foarth hvdraulio ohock valve

Partioniate flley
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N,

First poeunugic ptiod tube

Second pneoumaiic ot ube

Third pneumatic pilot fnbo

)ﬁ'V\
s pd

Fourth prcwmatic pilet wube
First air supply pips
Sevond alr supply pips
First end block

Noeeong s blogk
Threaded rod assembdy
Support brackst

First threaded eonnipstor
Second theeaded connector
Exhaust maftler

Fiest duab-port valve Stting

’J
,.

SRS \ihdi“ﬁm’i valye iin
Fivst deip is,g

Al

birst hvdraglic ram
Second bvdrandic ram
Adr pistan

Pirst soal Reeper

Wenr band
Useal, puewnatic, seal keeper
Ligeal, hydrandic, seal kouper
-{\*“ilt"ﬁ‘ REQ } ism} ot

Fiith preumatic pilot ine
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N\ S

Sixtl pnetmatic pilot line

88 Iadet pey, phungsr-operated pueumatic valve

R4 Ontlet pord, phingeroperated preumatic valve
8 Floanger

U1 Huarred

32 UOnIProssion speing

3 Pasth vod

84 Flow channel, plunger

QS Fipst Gering, planger

ﬂf‘

M
"\

96 Second Ghring, plan
Q7 Flow channsd, bareel

W& Oering, baresd

DETAILED DESCRIPTION OF INVENTION
Adr-to-hydeatdic prossure amphifiors are dovices that utiinze an inped How of
compressed air to produce an oufput How of pressurized hydraaliv uild, wherely the
e iR

devices such as railroad car side~dump beds, avtomobile I, eto, Alrsteehydranlic

c’dd

pressurized hydraniic fdd s o ai'i} need 1 operate high-capactty hpdrad

sressture amplifiors wilize an input Bow of compressed air o8 g parblowdar vohanetrie

ffowrate sad 8 E:s;};s‘,‘{,fi{m§.€ﬁ‘ JRETRSIE AN TR 2‘3&*»’: RGOS AL ﬂmg?m fiow of ﬁ%’u mandic 8 mﬁ ‘Ahx}’i

F’G
_ﬂl
m
v

the pressure of the hydeauie Hoid is greater thay the pressure of the air, but the flowrate
of the hydeanhio Thad iy less thu the Bowrste of the air, The ratic of &
Sowrates is a funenon of the oross-seetional surfsee sreas of the air ;g;;ifs;mzz aned the

hydeawlio ramy of the devices. The pressure amplifioaiion salic may be sxpressed ay

fo sy,

, SRR 1 s 2 SIS I, 3
resmpe Ratio = {de® ~ ™}/ di”

i wp

where Prossare Ratio v the maticcof hydraniic (had prossure © air prossure, dy 1 the

outside diameter of the air piston, and dy iy the putside diameter of the hydraudic ram,

M. : ™~

The How vohane ratio Is the inverse of the pressure matio. For example, =% the hydraudic

fluid prossune ix greater than the air prossure by a factor of 30, the hydralic Suid

{l.lp.l'l
‘aasa, -
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frovwrate will be 1730 of the air Sowrate, Dolails of the major conmponents and operation

af the presestt invention are deseribved in reference o Figure 1 throagh 15

...... \

rgares 1wrought O are sehemaiic reprosentations of the prosent invention, with

i _\.
B T

fi"

aix piiot inbings shown as short-dashed Hues, air supply pipes shown gs long-dashed

fines, and hydeaudio fuid mmma sty s aolid Hnes, Figare i

o

G sehomaie dogsctian

Yo

of 1he magor pasgnatic and vdrashie compements of the prosaant nvestion {, shown with

extornal hvdrsube fwd reservolr ,} aud oxternal BR eviinders 4. The prosent fnvention

comprises an air eylinder § with an el reciprocating alr piston 6, 8 finst i::} draul

',wr-z

£

cyinder 7 eeith a {irst valve Hitting # and an intersad Sest hyvdeadic am 9, 8 seoond

\'

fydranhic oyvliinder 10 with g second valve fitting 11 and an tternal second h}":{iit‘i&%i}ﬁi? LRI

A
l L

4, & Hrst hvdeadic cheek valve 15, &

e

2o a Hrst seal keeper 13, a sevond sead Rewper 14

second *zw*mhe cherk valve 16, a third hydraulic cheek valve 17, s fourth hede iiiﬁfi

cheek valve 18, a directional control valve 19, a first Slow control valve 20, 8 second flow

comtrol vatve 21, & hiest plunger-operated plof valve 22, a seeond plunger-operated piley
vadve 23, & bull wate: separator 24, 8 partenlate filter 25, and a combinationy filter-
regaiator-hubricator CFRLUTY 26, The preseagt invention iy dexigned Yo operate using an
oxternal supply of pompressad alr in the vangs of approximately 70 w0 120 pounds pey
square weh {pst), such as s Hrpdeally gvatiable on miboad cars,

Figures 2 through § are sehematic depietions that thustrate the opesation of the
frasenm >m SHHON 33 the 2’1 ¥ ;\ia o Ioves i W i.ié,iﬁ fo left and then rom B §§\\§'§33
during one operating eyele, Figure 2 Hustvates the pressent Invention at g time 1. &d this
trme, the air piston & ia being poshed from eft o right {as shown by the sehd straigin
arrovw) within the air oylinder 3 g8 a result of comprossed alr 27 eotering the lefl side of
the air oviinder 50 This COTPY sysed sy Hoses from the extomal sir su ply . then theough
the K waler separator 24, the particalate filter 23, the PRL 36, and ﬁ?ﬂm;zgiz,j port A of

X

the divgctional contrad valve IR o the piiot of the fivst Sow control valve 2 When air

prossure v applied o the pilot of the fivst contind valve 20, the st comrol vabve 20
f-*’“ii?’i:‘;??i&t-\ oampressed aie b the left side of the alr ovlinder 8 via » fivsl aiy ovimder port 28,

as slrwn by the curved atrow, As the air piston & moves 1o the right, air that is present in

the right side of the alr gyiinder s exhatsted via 8 second sir ovtinder port 29 and then
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through the second How conteol valve 21 o the stmosphere, The movemen of the ade

%
;w-

sstor § 1o the right causes the attsched first hyvdeamlie ram ¥ to alse move to the right,

N

'z& draagiio fhid 30 within the Sest hvdrand i cyvitnder 7 and forpes the

nrf

R
vy

which presauiess
pressuriced hvdraulio fhdd 30 to exit the frst hydraulio ovlinder 7 through the first
hydranhie check valve 15 and then through an sxternal first hydeagdie Hne 31 into the

externad i ovlinders 4 The syovement of the alr piston 8 {0 the right alse causes the

>

attached second hydraudio tam 12 80 move 1o the right, which draws hydeanlic flidd 36

it the sepond hydrandic oviinder 1 from the hvdraulic reservoir 3 vig a socond external

t u\;i ne 33 and then throngh the second hydnaudic cheel vabve 18, The first segd
kKeeper 13 and 1he second seal keepor 14 mamntain fwnd-tight prossure soals betwesit the
air eyvhinder § and the first and second bydrauiie oyBoders 7 and 1 and also between the

adr oylinder 3 and the fest wd sevend hydeandic rams § and 13, The alr puston §
continges 1o move to the right witd] 8 contacts the first plunger-operated pilot valve 22

WWV

whieh serves as an endwofestoke sensor for the aw piston 8.

,ﬂ

Figure 3 illastrates the pperation of the components of the present %;.z';f;.sa-:#}i?is;m..-:s&f &

e T when the adr piston & has taveled (o the right sufficiently o contact the first

J

plunger-activialed piiod valve 22, thereby causing the first pluoges-netivated pilot vabve 22
to supply compressed a o @ i ;‘}.{isi‘-m'i};ﬁiii{: pifot fube 33, which 18 conoseled to a Hest
pitol 34 of the disecttonal control valve 190 This air pressure vn the Hesf piiot 34 ofthe

divectional control valve 19 causes the divegtional contral valve 18 bhiiii SO thsd

l,’r/,r,-

comprossed air 1S s;a;;?sgii od from poet B of the divectional contred vabve 18 1o a sevond

&

pricienatic pilet fube 35, which is connerted w the plol of the sevond How control vabve

21, theretyy cawning compressed atr 27 to How o the right side of the air oylinder 3
ﬂ’i“ﬁﬁ* i‘i 3 first aw ’:»Qf‘}ﬁ §3 10 3{\. ﬁ)ﬁ‘i ii“z’"i‘fﬁi{} 3}1& \w?{}i}’\g 'g{ﬁ\ LRI § valvg .2? . dﬁ\i tho

through the sscond air oylinder port 28, The compressed sir 27 morving into the night side

-

Ny,

of the air oviinder § cauves the aiv piston 6 1o stop moving to the right and begla moving

twny

to the o, e showy b\ the straight arrow, Whenthe o wipit port of pompreased w froum

.

he divectional Bow gontrol valve 19 shifts fom post & to port B, sl pressurs §s romoved

nn-}

from the pilet of the frat How control valve 20, thereby vausing the contra! vabve 20 1o

shify to the desctivated (or “valve o) state, which allows conypreesed ade in the lefl side

torA
)
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of the alr ovinder 5 o oxat the aw ovlinder § via the 8t aiy eyviinder port 28 snd eseape

to the gimoesphere through the extaust port of the first flow control valve 28,

Figore 4 Hlustrates the operation of the components of the presend Inverdion ata

oo & when the aiy piston 6 {5 moeving t© the ot within the aly ovlinder 5. At thds e,

"

the air piaton & 13 being pushed from right © loft {as shown by the solid straight arvow)

within the air oyhinder 3 ae a resalf of compressed gir 27 entering the right side of the gl
cyiimgder 80 This compressed gir Hows frons the aly supply 2, then through the budkowater
wopargioy 34, the particniute filter 25, the FRL 28, and through pont B of the dirsotionad

mzzm* valve 1810 the ot of the sevond How control vadve 31, When SIT DYOSSUY IS

oo,

apphiad {0 the pilot of the fest control valve 21, the first comred vabve 21 sapplies

comproseed alr o the right side of the afr ovlinder § via the second air eyitnder port 239, s
shoven by e carved grraw, As the air piston & moves 1o the e}, alr that s presend in the
teft side of the adr ovlinder 5 s exheusted & the atmosphere through the Brst low covtrod

vabve 2 via a st air oylinder port 2R, The movement of the gir piston & to the e

)")‘

Gy A& > P, 43 \'\: SN AL A T n T Y AR ' ,\ Ny o N AN YN T Dy ."j"'-- $ }' 2oeA . _~:s-.f_.‘ \ 2 0 N s.u-.p\_- .\
Cgusos the atlachad seeang }“o granlic ram 12 1o alao move 1 the klff.;f, 3&-{}1&«,.23. PRI IOR

ydrantic Suid 30 within the sevond hydraulic eviinder 1) and forces the prossurtzed

hedractic Said 38 o ot the second hedranlic ovlinder 10 duough 1\, third hydraulic

X A\'
d.

cheek valve 17 and then shrough an external thivd hydranklic bne 37 mto the exterpal i1

oyinders 4, The movenment of the ar piston § 1o (e lefl also causes fm. attachod Hrst

O

hedeaalie ram ¥ o move 1 the el wilach d}.‘ s vdrandic Hoid 38 into the Heat

rur

hvdraulic oviinder 7 from the hydeaulic reservorr 3 via an extornat Tourth %'a cdranhic Hne
38 and den throagh the foweth hvdragdio cheok valve 18 '
Fignae 5 ilinstrates the operation of the components of the preserd fnvention at a
e towhen the air piston 6 has tnaveled o the left suffictemtly 1o contast the second
plunger-activated pint valve 23, thereby causing the second *‘sim ger-artivated p;&,ﬂ: vabve
33 1o supply compressed @ o a tard precmaiic pHiot fube 39, which iv conneeted o 2
second phiod 40 of the divectional control vabve 18, Thas air pressure on the second piot
44 of the divcetionad comtrot valve 19 causes the dirgotinnal conteol valve 19 o ahutlle so
that coanpressed Mria sappiied frosn port & of the directionad -a:;f;s-n?i}?{};}._ vatve 13 a fourth
protmane p ot wbe 4, which is connected 1o the pilot of the fas ﬁz)% contral valve 3

V

thereby causing compressed air 27 0 flow o the lef stde of the air eviinder § through a

id
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second air supply pipe 42, then theough the first low control vabve 24, and they through

the Tivsy adr ovhinder port 28, The compressed sir 27 moving into the of side of the air

cvingder § causes the air mston & w stop moving 1 the ofl snd begin moving o the right,
s shown by the straight arrow, Whens the output port of compressed air from the

dircetional Sow contrel valve 19 fls from port B to port &, alr presare 18 removed
from the piot of (e seeond How control valve 21 thereby canging mernal components

within the second flow control valve 21 1o mschanicadly shifl the intomal air fow path

oy

AEIETIY TRy NN ryEY TR Ny r drete st reel e =% - ST, 3 Jx2-K GRS SOUROPULR- NS +
within the second How somtrad vabve 21 to the deactivated {or “valbve off™) siale, which
atfows compressed aiy in the vght side of the alr evlinder 5 to exit the wir oviinder § vig

e second aw oylinder pord 28 snd then sscupe 1o the atmosphere Heoush the exhauss

e

ot of the second flow control valve 21
As shown in Figures 2 through 5, the flow of presserized vdeandic {imd W the

Q.

1 evhinders 4 15 substantially ponstant when the aiy pision 6 s moving in sither

Figare 6 15 an {sometric view of the present invention showing the frong, tuht and
ap sides, Major components shows in Figure € include the sir ovlinder 43, the first

tvdraubio evimder 44, the second hydraale ovlinder 45, the first hvdraulie cheok valve

46, the second hydrawdio cheek valve 47, the third hydraulic cheek valve 48, the foarth

hydraudie oheck valve 4%, the dircetionad control valve 3, the fivst Hlow control valve 51,

the second How control valve 832, the Hrst ol mger-aperaied piol valve 33, the second

planger-operated ot valve 34, the bulk walsr separaior 35, the particulmte Tlter 56, the

FRIAT the im prictratio piled tobe S8, the seonnd pnonmstic pilot tobe 39, the thivd
prenmtatie pint tube &) the fourth preumatic pilot tube &1, the Hest sir supply plpe 82,
and e second air supply pipe 630 A Brat ond block 64 and a svcond end block 85 are

A

waed 0 attgol the air evlinder 43 © the et hyvdradio oviinder 44 and the seconsd

arwd b-

valy, The two end Mocks 64, 65 ape connscied touether

W

Eﬁi}fﬁi—_}z*z@zﬁi&.ﬁ ¢ ovingder &3 L rapech

~

with lour thereaded rod assembdiox 66, The it i};l'igﬁ:}‘“{}i}ﬁ;‘-‘-i‘:i’ifiﬁf pifot valve 53 18

nastatied wte the first end block 84, and the seeond phanger-operated pilot vadve M is

A

mstatied e the second end Mloack 63 vig threaded holey thugt are pehned o each oud

v {

attached to two of the deeaded vod | &:\cm%ﬁ;m a6, "?{"Eze first ikk@*ﬁ emztmi vaive 31 iy

(5

-y L O
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pretaticalty sud mechanteally connevted to the left side of the alr ovlinder 43 viga : st

\'\

threaded sonnertor OF that I sovewsed info the top of the seoond exd Block 6%, The

seaond How controd valve 33 s poswmatically and mechanivally connected o the right
sice of the air cylinder 43 via g second threaded conmector 89 that s serewed fnto the op
of the frst end block 64, The first and second Sow control valves 31 » 24 ave egnipped
with exbaust muffers 70 1 reduce noise and decronse e velocity of released pusses.
The first hydeagdic cheok vabve 48 and the founth hvdraulic check valve 49 are

gt

attached to the distal end of the Hrst hydrantic ovlinder 44 via s first dual-port threaded

lh

\

valve fiting 71, so that the Sest hydranlic eheck valve 46 is connected parallel 1o the

f’

vadial axiz of the first hedeaulic ovlinder 44 and the oty hydrandic cheok vabve 49 1

coriected paraliel to the longitudingl axis of the fest hvdesudic cvlinder 44, This

‘wm

costiigation snnimizes the Huid head loss of the hydranlic thad as it is boing sacked

Aot

throngh the fourth hydranhio check valve 49 into the hvdraulic ovlinder 84, axd thers 2y

't"

climinates cavitaiion that wonld otherwiss ooeur due 1o exguasively kyw prossure in the
Hvdvaic evitnder &4, This fealnre eliminates the reguairoment STy prossur g the
exteornal hydraulie Huid veservedr, and is therefore an advantage over examples of prine
art thal vegpuire 8 prossurized reservorr,

Beeause hydrastiv fhaid s foroed out of the fst hydeandic oylinder 44 duough the

first %‘s draniic cheok valve 46 undey fﬁi‘r%itt VO PRESSI, Of reiiation s nod a pr{;}i}}gﬁfgz oy this
valve, The second hydranlio check vadve 47 and the third ) Wvdradic cheek valve 48 are

conprectad to the distal end of the second hvdmalio ovlinder 43 with a aecond dual-port
valve fitting 72 in o stmilar condiguration o that of the fiest hydraulic evlinder 44,
wharem the third hydaglic Lg'i'«i.g\ valve 48 18 connected pamiied to the radial axis of the
first hydranlic evlinder 44 and the second fii&fﬁ%}?ﬁﬁ:iis:‘r cheek vabve 49 12 connected parallsl
fo the fongitudingl axis of the second hydraubic cylnder 43, thovely preventing cavitation

¢ oyinder 43 tlyough

o

probleras when hydraulie Suid s sucked Into the seeond hydead

¢ secnnd hvdraudic check valve 47,

prriss

1)

The fndel connection of the bulk waler separator 53 1S attached 1o the indet air

,!"

supply {not shosn} with an airtght threaded connection (not shown). The bulk swater

o
2

separatar 35, the particulate filter 36, and the FRL 57 are connected in series with air

\'\M

tipht threaded conneciions, angd the ontled of the FRLU 37 i pounecie ».i to the St /iy

wmt
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supply pipe 62 and the seonnd adr supply pipe 63 with airtight threaded comnections,

wa’ 4

100 cutlel of tha first }‘;imiuiw@mmkxﬁ pitol valve 83 is conneoted 1o one pilot shows s

rars,

reteronee nunber 34 i Figore 31 of the divections! contral valve 30 with the first

poenpnatic pilot fube 38, and the outlet of the sevond plunger-operated piiot valve §4 s

S

D

cormectad W vue piot {shown ga reference aumber 49 in Flgare $) of the directions

\

<

coutrol valve MY with the third poewnatic pi

-w-u

ot fube 60, One outlet (shown ax port A In

L 4

Figare 8 ot the directional control valve 38 is connecied to the first Sow contral valve 81

J

- _ 4

e towrth poevwmnatic plot tube 61, and one outde {shown g port B in Pigure £) of

w'el s

e duectional control valve 3§ Is ponnectod 1o the second How cantral vabve & 832 with the

.

second prowmatic pilot tube 39,

i & preforred enmbodimenst of the present invention, several of the components e
commercially available padds, For example, s Parker WRAFMO sconnmion may be used
ax the bulk water senwator §8, g Parker flter FIGGSPI0 m ay be used as the particulute
BHer 3, g Rexroth RA320002719 may be used a5 the FRL unit, Beas RPA 161 8-BNE-

, 24 andd ey by

fitted with Ross 3300A0003 exhanst muffiers. A Ross 196888017 valve may be used us

j l,mipi

Type T vablves may be weed as the St and second Sow vontrol valves 31

J'F'F

the direchionat cortrol valve 3, and Anchor UM 114417 valves may be nsed as the Hst

""R

through fourth hydrautio check valves 46 through 49, ’}”Eim;i“%ighti}_ irch paiside dinmetes
Hexibiio lulung with prshn-Connest fittings o @y be psed for the 8t 'i:}.zzmsigii fourth
pricumate prof tubes 3§, 59, 60 and 81, The Brst and second phnger-operated pilot

« 3% gre novel, custone-made conponsats that are deseribed in detad] in

RS ran gt R TETTRUEIY. SUCAPITE - STUIUR . SRR s SRR SRS S S SU AOUITETRS S SN SV
Figure 7 is 8 vear elovation view of the present invention that shows g frst drip leg

>N

73 and g second dnp feg 74, both moumied on the boltowm outside swrbive of the sds

cyipder 43, with the first drip deg 73 posttioned showt 1.3 inch o the lofl of the cight edge

b

of the ar oylinder 43 gnd the seeond ditp leg T4 positioned about 1.5 inch o the sight of

the foft edge of the aiy oylinder 43, The drip lega 73, 74 serve as mwisture drain vadves ia

r;::;

-::r/

Gran condensed water god ather fhaids that Ry gocnmnniate on the botton mside stirfes
ot the sir oyviinder 43, Eachudrip leg comprises a port that conmeets the haside of the ady
cyiuwier to the atmosphere and & ball Boat that seals the drip leg port when the deip leg s

dry bt Soats upward 1o open the port when water exters the deip e lag. therehy

*wwa'n
1._’."{
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aptomatically draining water theongh the drip lea

)f-'fA
5
/7 ;:‘:{
Nl s
0
g
e
Yese
%
ks
e
SN
Arey
mas
47
Ry,
2
W
rodt
@
)

in g preferted
entbindinment, the deip legs 73, 74 are identieal coramereially availeble parts, One

exgple of @ suitelde part is deip Jog part number 41645K47 available from MoMaster-

Nupply Company of Saate Fe Springs, California. Other major components of P
presamt inventon shown i Figure 7 include the first hvdrantic ovinder 44, the scoond
fydraulic oylinder 43, the hulk water sepurator §5, the particulate filter 38 thie FRL unit
S hwe ol the threaiad rod asserblies 66 the fiest theough found hydn i:f}ii: cheek valves

46 through 49, the fivst air supply pipe 62 and the second e supply pipe 63,

’f

Figure § is a top view of the present invention, with seotion Hines drawn for the

“w

CrOss seations shown in Figures % and 12, Malor con wponents shows in Fgues R ol

/

S

the fiest hvdraalic eyinder 44, the second | iy shraubic oviinder 43, the bolk water [epaEraior

T .
~

>3, 10 particulate filter 36, the Hest through fourth hydraulic cheek valves 48 through 4%,

and the Srst and second dagl port valve fithings 71, 72,
Figars ¥ 18 8 ovosseseotion view of the siv oylinder 43 and the first and second

-, .

fydraniie cyhnders 44, 45 of the present fnvention, with the seetion Hne taken throueh the

center of the longitudingl axes of the three collinear alr aud hydeaudic ovlinders 43, 44

;m-
,-r

and 43, Por olarity, componoms of the prosent invention other thea the aly Fand Hvdraule
eviingers 43, 44, 435 and thelr intormsd COIMPORONER are i sRown i orosa acction w this

drawang. As shown, o fiest ovlindricalshaped hydranlio ram 78 is slidahly nesitioned

J'J'l

within the first hvdraulie ovlinder 44, and an tdeontical second Fydmalic ram 76 {o slidably

posttioned withis the second hydeapdio oviinder 45, The ontshile diameters of the tie sx: ang

Nataa, et 3 RS NN i 3 .s . < R ST SRR, 34 : ST BN FUT R
second hyvdeauic s 75, 70 ars the same, aud these outaide dlometers ave selected o as

to be ondy stightly smaller thar the inside dlameter of the first and secend hyvdeaulic
mim ey 4»? 43, thereby sliminating the necessity for sealing tings on the eircumdersne
of the rams and eliminating friction thet would othersise be caused by sealing vings, The

proxiznal end of the fiest hydeautic ram 73 iy rigidly atached o the right face of an sir

prstont 77 by welding o other euitehie means, so that the longiiuding] axis of the fisst

pr >

hydraulio ram 78 is onllinear with the o gitudinad sxis of the alr piston 77, The proximal

o

dﬁ

e of the second hydranhic vam 76 s righdly sttached to the ol Bwe of the s piston 77

by welding or ofher suttable means, so that the longhuding] snis of the sscond hysimandie
ramt 76 i alsa ooliinear with the nnotudin he TR soial
FETT FO I8 SIS ofimea Vﬁ?f 3 iiiﬁ. 3331 iiﬁ i By 3% 0? i. 1& QR *ﬁ%ik}ﬁ ¥ iy o ﬁnf zi\ 3 ?’i\ﬁ Q

i
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assembly comprised of the first hydraulic ram 75, the sl pisten 77, and ihe second

7

s shicrwn we having an outside dlameter of Dy, and

Jw-.fs

tydvautic ram 76, The abr piston 77

./
II

the owlside dimneter of the two hydragdic ans 75, 78 1a shown as D, As deseribad

v.&)

previowsty, the ratio of bydranlic futd ontpat pressure 1o air indet pressuee {or “hydraulic

- %

ampiihioation™) of the prosent vention mey be celonisted as funetion of the twe
diamters B and B showo in Figure 9 a8 follows;
S R 2 3 B ;j SN 3
Frsoaiic g Pay = (D¢~ Dy ¥ins

in & proforred embodiment, the diameter of the adr piston 77 1 10 ingd es, and the

.

AT B+ 2 T N
c"

diavrseter of the first and second hydraulie sams 73, 76 18 1873 Inch, resulting ina
PROSNUETS &R ;?3'3.'§3£f§.i¢£iﬂ{}i} of ghout 274, In alfernative embodiments, other dlameters of the

afr piston 77 and the first and seconsd hydraudic rams 75, 78 may be seleated to provide

giffgrent val UK *’\f‘;*?"%‘%ggi;r 2 3 imp;gﬁgg‘giggg,

An a-tight seal betwveen the alr plston 77 and the inside wall of the alr evlindey
&‘: 3 'E% }; % {i X ?%i it N }N' L) 't"'-c-.'w’-\ NE i 3 SNTE AN S PN an "?V? }- 3 N
RN X AW S SORRY SIE O 1 a8y }}i\-\-‘i\-i}ﬂ §i, [TRYWEH J 3 e icﬁi £33 {gigﬁ TR TG

,n

Figure 10, Hydraulie fluid (oot shown) within the fivss hydeaudic eylinder 94 15 preventsd

frean Ivalting nto the right side of the air oylinder 43, and conpressed giv feom the o i

.?

side of the air eylinder 43 is prevented from leaking into the fest hydraulic ovlinder 44 by

Cow

an wver pair of Usseals and an outer paly of Owrings i the first seal keeper 78 (shown in
detatl m Figure 11 Sidlardy, hyvdradio Slotd withds the second hydranlic eylinder 458 is
preverted from de iii;‘%;mgg andey the loft side of the air oyhnder 43, and compressed air from
the left shife of the alr oviinder 43 s prevented from oaking mio the second hydraulio

 aead

.’%‘r

ovhnder 43 by an immer palr of Ulscals and an outer paiv of O-rings in the sexon

xoeper JH A shown, the seal koopers 78, 78 may be sastly and quickly removed and
repiaced H required by removing the threaded bolf asserblios &6 and dm seemidding the

Hrst sad secend ond Dlocks 64, 68, This goiek-replacoment capability {s an fnnovative

feature of the present tnvention. Fivst deip feg 73 aund second dedp o >R T allow any

H&-

s that are present within the air ovlinder 43 to b expelied. The first air oylinder

port 34 amd the second aiv oylinder port 31 provide pathesays for giv o onter .ami £x3 the
atr oyBinder 43, as deseribed previcusly in reference to Figures 2 through S

v oviinder 43 13 made of mitride-hardened stesl,

fp'/

in a preforred cmbodiment, the a

the firat and second hydranbic ovlinders 44, 45 are made of suitableto-hione steel, the sir

iM
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toteam T b mvenedn rel it i vk aiud A Shecs el coasnee 3 e oo
pastons 77 1 miade of slumunum, and the Hrst and second hydranbic rams

E ainJ
&
g

d S-. \{a ﬁf rfsﬁ‘.\i

of nductien-hardened, chrowme-plate steel,
Frgure 1401 2 magnified longtioding! oross-seetion view of the bottom portion af

the gir pisdon 77 showiag the cireumferential sealing rings 82, 83, As shown, the air

piston 77 comprises a pair of Buna-N {ntirtle) U-seals 82 and pair of bronee-Hfillad PTEFR

{polvistrafuoroethvione) wear bands §3.
Figure 11 15 @ msgnified ngitadingl cross-section view of the first seal ks geper 78
of e prosont mvention. A&s shown, the first seal Keeper 78 s in the form of 2 ovlindes

T )
v

with @ hollow eove. Sealing olemoenis include o prepnatic Usscald 84a and g hydraudis 1-

sval &4b positionad B grooves around the nside cironmfirence of the seal keoper 78, and

3 pae of (hoings 85 posttionsed in grooves wround the cutside perimeter of the seal keeper

>

78 the poounatic Ukseal 84a forms a seal betweer the body of the seal kovpey X angd

o

the first bydraulio vam T3 {shown in Figare %) that slides within the invide irousnference
of the seal keeper 780 The puapose of the posumatio U ~seal $4a 8 10 prevent somprsased
aby i the right side of the alr aylinder 43 from leaking fute the Srst vdraulic oviinder 44
{as sherw in .E":i:gm 9. The hydradie Usseal S4b also forms 2 seal benween the hody of

“

The parpese of the hvdradie Ussogl

’J$

)‘ddc‘;

the soad keeper 7 and the Srst hvdraulie ram

S4b 1a to prevent hydrautic flaid in the et hydraulic ovlinder 44 from leaking i o the

¥

vight side of the air oylinder 43, The outer Oorings 85 form 2 seal botween the seal

keoper T8 and the first end bloek &4 {shown in Figure 9) and prevent comprossed air and

tydrauhe fhad from leaking arcund the outside perimeter of the Hrst sead Seeper 78, The

sopand seud Keaper 79 1s proforably identical ih {irst seal hoeper 78

pr,-

Frgure 1232 a cross-section longitudinal view of the gir eylinder and the plunger

operated pilot valves of the present nvention taken at the center ine ofthe plunger-
operted piot valves. As shown, the first planger-operated piot valve 33 i mounted
withun the frst end block 64, aud the second planger-operated pilot valve 54 i mounsted
within the second sl Mook 85 with air-tight threaded Sittings. Inlet air is Stsppi;s:‘d & the

F

vopentied pilot valve 33 via a Gfth preamatic pilos Has 88, and ale is supphisd

-"-"I

firat tdungg

LV

L the speond plunger-operated pilet valve 34 via a sixth pnesmatic pilot Hae 87, When

the first phanger-opersted pilot valve 33 s activaled (as shown in detadl in the followin FHY
Figures 13 through 15), 4 supples compressed air to the fiest prewsatic pilot tube SR,

R
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Wisen the seeond phunger-operated pilot valve 54 13 activated {also as shown in the

. .\ w

fotiowing Figures 13 trough 13}, M sopphies compressed air to the thisd poeamustic pilot

/il »

b M Inan gliemanve embodimend, solonoideoperated pilot valves may be wed in

place of the frst and second plunger-opernied pilet valves 75, 78,

Figare 13 8 2 magahied longiiading] crossssection view of the firs phinger-

e IR

operated piled valve 33, shown in the closed {or Mocked

\ h |

Ipositicn. The first plunper.

iy

operaied pilnt valve 33 comprises an indet port 88, an outlet port 89, a8 plunger 99, a barrel

..-M-.
w'/

Y1, and a compressivn spring 92, The plunger 80 comprises a push wod B3, s annudae

flow channel 84, a first O -ring 9% and & seeomd Ooring 96, The barrel 81 comprises fow

How crannels 97, of which two are shown, and an O-rine 88, When the Frst tHunge-

ms | s

BRI i3 i‘ﬁ 0t ¥ alve 33 3% the olosed ;;m\zm..m 3B Si‘%{}&% T i 3 ia&!it i3 « WO }g‘ix‘\ﬁt’h{ ﬁi?‘

Terw channel B34 o ‘*i*}ﬁ {?iwmv 18 '-:\ff:&}.s:d

off from the m ar How chaosels 87 of the harrel (shown in mere detail in Plaure 3 by

D\

the fivst Chring 93, The plunger 80 i hald tn the closed position {pushed 0 the leff as

v

wure 13 by foree supplied byt

p PPY

showni i ¥ 1 coRnpreasion spring 92, Ina prefioed

75
2t
P
L 4
¥ £b ke
o
P
vt
“
f:M
TS
n-.#:
{#’x
£
o,
o
<
e
rrrww
)-.-)
4
repes
.
mmly
it

> pdanger B0 and iﬁ.bar ef 91 of the fivst plunger-operated piied vadve 33

R

are made of type 304 stainless degd,

.J

Sigure 1418 a magnified longitudingl oross-section view of the first plunger

operated piiot valve 33, shown i the open position. The first plunger-opersted pilet

-

valvg 335 1 achiviated when the pash rod 83 of the plunger 99 is contacted by the air piston

/

.'n?.uﬁ?

FY {shown s Pigaee 12}, %‘:“mh cauises the phlanger B8 o overcome the furce of the

copnpression spring ¥2 and move to the right as shown in Frgure 14, When the plunger

S hay moved sufficienily toward the right, the Bow channed 94 of the plunger becomes
connected i the four the flow channels 97 of the baers! beoause St O-ring 95 has been

displaced from s sealing position. At this time, compressed air is shie to enter the inlet

port 88, pass throogh the Sow charmeds 94, 97, and exit through outlet port 89, as
tustrated by the dashed srrow. O-rings 96 and 98 provent conmprossed adr from feakin 18

gronnd the ctraumterencs of the ;ﬁ'z.zz?sg@r ¥,
Figure 15 is anaviad cross-section view of the barrel 91 of the first phuger-

aperated miot valve 33 showing the four fow channeds 97 ¢ hat are machingd .ﬁif::sfi‘s;} the
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custerenoe of the baveel 91, The second plunger-aperites
pientteal o the fy St ‘{ﬁi&i geraperaled 1 ot valve 33 &

. el operates inan identical manner.
tough the proforred embodiment of the prestrt Brverntion hae boen shown and
desoribed, i will he appe

v 4 "
DOT VAN 24 18

-}-,—,u-.'r

A

‘-!J-r.l

)

wertt fo those skilled iy the ant that many changes

L

ii,?si ?G&\hii“}i}(\ may bif fﬂ\&dh W lii‘i"“i‘i d p‘:}i- hi’ﬁ" 3\?‘38{ ﬁ’i"v E*}\ \,Ri}&‘i i?i ‘Q‘w e 'ﬁx{},ﬁ« ASPOLTH.
{ |
35 fa

¢ appended clamms are therefore hntended 1o cover all such changes and molifications
W oweithin the frue spirlt and soope of the inventio
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An wir-to-hydranliv Huld pressure amplifior comprising!

iy amoaldr oviinder having an intorpal reciprocating air pision;

(Y o st bvdranlic ovlinder baving & st valve fitting and 2 fivst intemnal

>

fvadvaniio ran that is

J-F

siidably positioned within the first hydrautio oviinder;
(&

v ans’

3 second hvdvadic ovlinder has

ing a second valve fiting and 8 second

inernal hydraulio ram that is sHidably positioned within the second hyvdraulic evlinder

{dd) a firat How control valve and a second flow controd vaive, and

ey a first plunger-operated pilot valve and g second plunger-operated pilot

vaives

)
7

wherein 8 proximal end of the fi_i{‘zﬁ{-‘,:}_fi}ﬁﬁg fie ram is vigidly anached to o it &

af face
o the air piston so that 2 longinuling] axds of the frst hyvdragtic ram 15 vollinear with g

ongifuding] axis of e aly piston, and whersig ¢

?ﬂﬂ/

moximal end of the seeond hydraudie

ramn s vigidly attached o @ second face of the alr piston so that 8 hongituding axis of the

l

>

second hyvdraulic ramy is collivear with the

;r

tongisdingl axis of the /iy piston,
wherein when g fist port of g dircctionad control valve supplics compressed atr to
a pitot of the first flow ¢ontend vaive, the

N

v

S

;w'

contred valve supphien atr 1o a fivst side of

the air ovlinder via g fiest air ovlinder port, thereby moving the aiv piston toward 8 second

sigde {;?f-?:.f&ié? air evhingder,

wherein as the air piston moves 1o the second side of the air ovlinder, air present

i the sevond side of the air oylinder is exhausted through a second air oytinder port and

througly the seeond Sow control vabve 1o atmosphere;

wherein movement of the &t piston toward the second stde of the air oylingder

cauens the frst hvdraulio ran o meve toward the second side of the alr oviinder, thereby

prossurizing hydraatic fluid within the fest hydraudic evlinder and foreing pressurized

hydrackie Said within the first hydeolie evlinder to oxit the fivst hydrandic eylinder
shrough 8 fives hydranbe cheok valve and ahwnfgh a first exierngt hydraulic Bne o

external i oyvimders;

}
\
\

vetn movermenm of the air piston owsard the seeond side of the air eyiinder

QEISEN 'ii‘) seeesisd | 3& draulio am oomove oward the seeond side of the alr oY T,

§re0
}“4';]
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therehy drawing hydraulio fluid into the

socond hyvdraule ovlinder from g hvdraudic

veserendr through g second external bvdranbie Hoe snd thropgh a seeond hvdeanlic sheek

vahve

wheretn the air pision contimies to move toward the
eviipder unfil # contagts 8

p‘

seand side of the air

,-

fiest plunger-operated pilot valvey and

wherein the first plunger-operated pilot valve 3 an end-afstroks seusd

v for the aw
piston.

The siv-to-hydragtic fald pressure amplifise of elatm 1, wherein when the

A piston comes o contact with the first plonger-operated piot valve, tie st plunger-
operated pilol vadve supplios oomprosaed air {o g i proymatio pot tube!

wherein the fivst prewnatic ptod b i sonneeted 1o 8 st pilot of the divectional
COiined Valve;

seherain g prossare on the Hrst pdat

directional control valve o shuttly, thereby causing mmpmwm‘ iy to be ﬁsi_?;;}g??ii‘ﬁ%ﬁ fnna

second port of the divectional control valve 10 8 second poeumatic piot tubs that s

ted o & piot @ fihe second How conitral valve aadd m}ii*«ﬁ’i’ CCHTITICRS od air to How
it the secand ade of the ar ovhinder ¢

COIES

hrough a first air supply pipe, through the second

How comtred vabee, snd through the second iy ovlinder port;

wherein the compressad aiv woving inte the second side of the air oylindee

the air piston o stop moeving toward the second side of the air ovlinder and to begin

moving toward the Grst side of the atr ovhnder

whervetn ax ontpat of the compressed aiv shifly from the frst port of the divsetional
fow contred valve i the second port of the directional controlx

VAV, RIF PrESsires is
reanesved ﬁf{}m 'i:}.zsifs ;3%35{:»'{ a‘}-‘f the Srst How pondrol valve

Y

. thereby cansing imernal

first fow control valve i g deagch "sff@;ifs;-’fs:i- siaies zm.ti

wharein the shifling of the internal air flow path within the Hrst How control vabye
0 a deantivated state allows compressed aly 1o the first side of the alr eylingder to exit the
w theough the Bt ovlinder poct and escape 1o stmosphare through sn exhanst
POET sf the first foow eastrol valve, .

12
2.
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3, The air-to-hydeandio Shuld pressure amplifier of claim 2, wherein as

0,’

m:n:}t;};r-s:fsm{i air enters the second side of the aly oviinder, the sir piston moves toward the
first e of the air evhinder and away from the second side of the alr ovlinder;

gatired valve

R el

wherein ce'}mpms«ui air Hows thros ugh second port of the directional ¢

b o

ndy compresaed air fo the second side of the alr ovlinder via the second alr ovlindes

wheretn as the alr piston moves toward the first side of the air ovlinder, air that s

.\ v’ v

in the fivst side of the aly ovimder is exhausted to atmosphere through the St ow

)"/

[ 4

control vabve vig the fest ale oyiinder port;

wherpin movemment ¢of the air piston toward the fivst stde of the awr oviimler causes
the second bydraulic ram {0 move ward the fsi side ofthe sy ovlinder, thereby
presaurizing hydrantic fold within the second hydraudic ovlinder and foreing the

nressrized h:;;ém;z;ii o Hud 9 ext the seoond ixi's#ai;*aﬁ.;ii»;: cviinder throagh s thind hydrandic

chieck valve, through a third external hydranhic Hue, and into the extomsd it ovlinders;

and

welisrein movemesnt of the ade piston toward the frst side of the air ovlinder canses
iﬂi\\{h \‘{C“ ¥ *5 z.* } } . 3 .{i I & { d {\?' {,} N ‘f‘ . -‘-{ 2_ ..-s_.' ‘?"""‘ i .y _‘,‘:E‘.“ | .E,# 2
R RAW 3 3}\ i}ﬁ. f' 333X {1{{ 3 {K} ?3 33{:- {( )si c-ﬂ i\} ‘&. ti?’") f} RUFER RS IR R § L i} W3 iyt K}r ?ilia&t .

thereby drawing hydraghio Haid fdo the fivst hydraulie ovlinder from the hydraulic

overvelr via & fourth exdernad hvdraulic Une aad throu gh & fourth h* draniiic cheeok vadve

4., The alrto-hydoadic Seld proseure amplifier of ¢laim 3, whergin
arovement of the atr p £ sion fow ard the figst side of the air QY Himder ¢a URER M contast

second plungec-operated pilot valbve,

thereby causing the second ;*im}g sr-getivated ps tol
VIV 10 suppiy -s::{*:smgsrafﬁmi aiy 1o a third poeumatic pilot tobe that (s connected m a

second pilot of the directional contral valve;

n-}-

P

wherehn air preasure o the second pilet of the divectional conirol valve causes the

i

divectional control valve o shaatle, there by cgusing comprassed iy i he f;:-‘s;;}:tfpii%:fd from
the first et of 1w directicngd vontrol vadve 1o a foarth rmmmmm “*3 1ot fube that is

sonnmeted to 2 pilot of the first flow control valve and causing compressed air i flow

i the st side of the alr ovlinder through a second air supply pipe, twough the st

)

How comtrol vabve, angd through the frst air oylinder port
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whereln the cotpreased alr moviag into the fiest side of the air evlinder sauses the

i of the alr evlinder snsd begin moving

,-'-1

air piston & stop mwviog towsard the first «

fooeard he seg imd side of the sty ovlinder

wherein as outpt of the compressad alr shifls from the second port of the

divectional flow control valve to the fiest port of the directionad control valve, aiy pressars

is vemoved from the pilot of the second flow contrel vadve, thereby causng the sscond

flow controd valve to shift {0 a deactivated siate; and

second Tow goniml valve 1o a deactivated sate allows

wheredn the shifttng of the
compressed atr i the second side of the alr oylinder o exit the alr eviinder via the second

anid escape o atmosphers through an exbaust port of the second How

The aie-to-hydrantic Haid prossure amplifior of claim 1, Ruather comprising
-

vacal keeper and o second seal keeper, wheretn the first seal

the air oyhinder and the fiest and second hydr sulic

and the second seal keepor madntains 2 Nuid-tight pressure seal botweon the ar

ol

Koeper niantams &

I

p.-l

ihmqwg eexure seal hehween

CYHTHISTS,
finder amrd the first and second hydraubio rama,

AR &

&, The air-we-hydradico fud prossare anplifier of clatny 3, wherein il of
the fHirst and second seal keapers are my the fornt of o oviindor with 8 Bollow cove,

The alr-to-hydraadic fuld pressure snplifier of elaim 1, fuvther comprising

a frst end bloek that aitaches the air eviinder o the Srst hyvdranhio ovlinder and a secowd

X .

Cthe aiv oviinder o the secnnd hydraulic eyvlinder;

and block tha attaghes fhe
wherein the frst plungev-operated pHot valve Is lnstalled into the fiest enad block,

cond planger-operated pilot valve ia installed o the second gad Bock,

The girwo-hydrautic Butd prossure amplifior of clammy 3 3, wheresin
Hio check valve are atiached to a distad .izz:sa;} o

and the s
the first

&,

hydraglie cheek vadve and the urth hyvdray

the st ydnanlic ovlinder with o fest duabport threaded vabve |

vdrauiic check vadve Is connected passiled to a radial axis of the

Sitang so tat the st

Grst k hydraglic ey Ty

anad the Bourth hedraulic check valve is comected paralie] to a longitudinal axis of the

first i’?"- i}d gﬁfafw % vitndar.
B, The atr-io-hydranbic fiuid proserse applifier of clane §, wheroin the

second ydesulic check valve and the thivd hydranlic cheek valve
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o

distal end of the socond hydraulic evinder with 2 second dual-port valve fitting so tha

O

r 4

the second hydvanlic vheok valve 1€ connecied paralied 1o a longitudinsl axis of the second

o

el

-2

fydvandic pylinder and the thivd hydnanlic check valve is connected paralie! to g radial

axis of the second hydraudic ovlinder.

o o

~

40 The aire-hydeaudic 8aid pressure amplifier of elaim 4, xximc&z‘i an sutlet
of the first plonger-operated pilot valve is connected 1o 8 fiest pilot of the directional

control vadve by the Hrst poewmatico pilot tube, and wherein an outlet of the sepond

x

-

plunger-operated pilot valve 13 connected 10 a second miot of the divsctional control valve

by the thisd pnewsnatio plod tubes and

-

~al

wierewn the second port of the directional contrad valve i ponnected 1o the second

How control valve with the third preumatio pllot tube, and the first port of the divectional
contrad valve i connocted {o the st How contrel valve with the farth prcumatic pilot

fuhe.

y ;rx/,.

o The air-to-hydraulio fluid prossare mnpdifier of claim 1, Ruether comprising

a Brst drip leg and a scoond drip feg, both of which sre mounted on a bottom side of the

e

.l".'

aiv eyiinder, and both of which are msisture drain valves ©o dein Nudds that accummiste
o & holtom mside sulsce of the alr ovlinder,
12, The sivto-hydeastic Suid pressure amplifier of clatm 1, wherein cach of
the first and second svdrauiie rams has an outey diameter, and whergdn the owey

Hameters of the first aud second hydraulic rans are selected to provide a certadn valug of

presapre anpidiogtion,
i3, The air-to-hvdraubic pressure amplifier of clain 1, wherein the iy
Hunger-operated pilot valve comprise an uded port, sn outlet port, a phunger, a hardd, and

2 COMProssion spring with a foree;

wherein the plusger comprises 2 push rod and an snodar flow chanae;

wherent the barrel has owr Bow channe s‘s

wihorein the first plunger-operated pilot ¥ &Esf is aotbvated when the push rod of
the plunger 1S pontacted by the atr piston, thereby causing the plunger 10 overcome the
foree of the compression spri g and o move; and

wherein movement of the plunger canses the flow chaemel of the plonger o

conert 1 the four flow channels of the harrel, thereby allowing compressed alr o entey

el
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the indet port, pass through the flow channels of the plunger and the bawrel, wnd ©
through the cutle! part.

i,

-4-

!.

The air-to-hydrankic prossure amplifier of clatm 13, whereln the second
phmger-operated p ol vidve comprises an tidet pard, ¢

aut outlet port, & plunges,
and @ compression spring with & foree;

per, 8 Darved,

swherein the plunger comprises & push rod and an anuadar fow channel;
wherein the barvel has o Bow channely

wherein the second plunges-operated piot valve s activated when the pushred of
the phunger v contgoted by the air piston, thersby causing the p
force of the compression spring and 1 move; and
whergin movement of 8

ho punger caoses the Hew chame! of the planger o

funger to pvereome the

/

conreet {o the four How channels of the barrel, thoreby allowing compressed alr fo el

the inlet port, pasy theough the flow chameds of the phasger and the barrel, snd exit
through the outiet port.

28
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