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PNEUMATICALLY POWERED HYDRAULIC
PUMP
James A. Roberts, Howard R. Flscher, and Marcel
-+ P. D’Haem, Detroit, Mich., assignors to Chlcago

Pneumatic Tool Cempany, New York, N. Y., a
corporatlon of New Jersey

Apphcatlon Apnl 7 1948, Serlal No. 19 478

1 16 Claims.
. This invention relates to pumps and more par-
ticularly to pumps which comprise a pneumatic
and hydraulic combination.

In the smaller type industrial shops and: espe—
cially in service garages for motor vehicles, it is
often required to have a h1gh-pressure hydraulic
source for such. tools as power presses, rams,
body and frame jacks, cylinder liner removers, as
well as other hydraulic service tools. " It is usual
for such shops and garages to maintain a-live
air line for various purposes, and the present
pump has been adapted to operate with the usual
pressure carried by such an air line. With an
air line pressure of 90 pounds per square inch
gauge, the pump will deliver a hydraulic pressure
of 8,000 pounds per square inch gauge.- It is a
feature of the invention that.the control means
are extremely versatile in that the hydraulic
pressure delivered can be automatically main-
tained or released after pump operatmn has
stopped.

The prime object of this 1nvent1on is to. pro-
vide a new and novel pump which will furnish

a high pressure hydraulic delivery when con-

nected to a low pressure pneumatic source.
Another object of this invention is to provide

a pump which is simple to install and operate,

has » variety of applications, has a versatile con-
trol arrangement, and is reliable under all service
demands.

A further object of thls invention is to pro-

vide a pump which has low initial and mainte-
nance costs, is structurally compact, and of rela-
tive small size and low weight.
. These and further objects and features of the
invention will. become more apparent. ‘when
viewed in the light of the following spécification
and the accompanying drawings wherein:

Fig. 1 is a perspective view of a pump em-
bodylng the invention; L

Fig. 2 is an enlarged sidé elevation view of
the pump;

Fig. 3 is an end v1ew of the pump as seen from
the throttle or back end in Fig. 2;. .

F’Jg 4 is g further enlarged. long1tud1nal sec~
t‘on of said pump, as indicated by the lines 4—4
in Pigs. 9 and 10, with the parts in non-operative
position;

Fig. 5 is a fragmentary long1tud1nal section,

as indicated by the line 55 in Fig. .4, showing &

the oil reservoir bag maintained in spaced rela-
tion from 1ts housing; . .

Fig. é is an elevation v1ew of a pressure regu~
lator valve used in the pump, the ﬁwure being
doukle size as compared with Fig. 4;

(1. 103—43)

2
Flg 7is’ a. longitudlnal section taken along the(
line T—1 in Fig. 6; . . ]
Fig. 8 is a cross-section as 1nd1cated by line_
8—8 of Fig. 4, but on a smaller scale, showing.

- the oil reservoir. bag inflated in . full lines and

" partly collapsed in broken lines;
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Pig. 9isa cross-sectmnal view of ‘the pump as
mdlcated by the 1rregular line 9—9 in. Fig. 4,
showmg partlcularly the valves controlling the
supply -of live air to the cylinder; ’

Fig. 10 is a cross-sectmnal view of the pump’
as indicated along the 1rregu1ar line 10-—190 in
Fig. 4, showing the inlet ‘check valve, dlscharge
check valve and pressure release vaive in the
hydraulic system :

Fqgs 11, 12 and 13 are dlagrammatlc views of
the pump show1ng respect1vely the relative posi~
tion of the various barts during an early stage
of the power stroke, return stroke, and just after
maximum pressure has been reached;

Fig. 14 is a longitudinal sectlon lookmg down-
ward as indicated by the arrows 14 in Flg 4,
showm;r the parts just prior to the attamment
of ’max*mum pressure.

Flg 15 ls a fragmentary Cross- sectional vieW
in the same plane as Fig. 9 but on double scale
and showing thé _pressure regulator valve and
dlsterutor valve shlfted in ‘response to the at-
tainment of maximum pressure, to automati-
cally cut off the supply of live air to the eylinder;

F1g 16 is a cross- sectvon throueh the oil valve
block sxmﬂar to Fig. 10 but with a modlﬁed
pressure rellef valve of the manual or screw type

Fig. 17 is an elevahonal view of the screw type
valve used. in F1g 16;

Fig. 18 is a two thtrd size elevatlon view of
an auxiliary reserv01r system whieh is adapted
to he connected by an air hose and an oil hose
to the valve block of Fig 10 or Fig. 16: :

Tig, 19 is a. full-s1ze sectlonal view of a part
of same taken along line l9-—l9 in F‘1g 20 and

.PFig. 20 is an end view of the part shown in
Flg 19. . L

.The pump is Shown in F1g 1 in operating po-
sition,. it being understood, as “will later, appear
evident, that the pump.can be readlly controlled
by foot or. hand .and will operate sat1sfactor1ly
in any p051t1on with regard .to the relation of
the .pump axis to. the horizontal plane, any. pars:
ticular . operatmg set-up bemﬂr in accordance
with. the greatest. convenience thereby afforded,
The. pneumatic and hydraulic. portions .are in-
dicated generally therein by. the respect1ve nu-
merals 28.and 21, (F1gs 1,2 and 4)., An air. sup-
ply line or hose 22 is connected to the pneumatic
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portion 20, while a high-pressure hydraulic de-
livery line or hose 23 is connected at one end
to the hydraulic portion 21, the other end of the
hose 23 being connected to a hydraulically pow-
ered tool, such as a ram, not shown. The supply
and delivery hoses 22 and 23 respectively are
preferably of the flexible type to facilitate port-
age of the pump, as will be appreciated. The
pump is designed to deliver a mazximum hydraulic
pressure of approximately 8,000 pounds bper
square inch gauge, when using a 90 pound per
square inch gauge air supply. However, inter-
mediate hydraulic pressures can be obtained, if
desired, by proper throttle control, as will later
be seen.

In constructing the pump advantage has been
taken of all known mechanical expedients to in-
sure a maximum of efficiency in its operation. In
the specification, no specific mention is made
ordinarily of elements such as piston rings or
seals, gaskets. and the like, but it should be under-
stood that these elements are provided in the
pump wherever necessary.

Prneumatic system—Live air supply

Considering first the structure of the pneu-
matic portion 20 and referring to Figs. 2, 3, 4, 6,
7 and 9, the numeral 24 indicates a cylinder, being
most conveniently in the form of a casting, which
is arranged to house and support the various ele~
ments reaquired for the operation of the pneu-
matic eyele. The air hose 22 is connected to a
standard Y% inch pipe connection 25 which is
serewed to the rear end wall of the cylinder 24,
the connection 2% being provided with an air
strainer 26 (Fig. 4) . which is arranged to partially
extend into a cavity 27, formed in the cylinder
end wall. An air passageway 28 in the cylinder
24, leads upwards from the cavity 27 and into a
throttle chamber 29 which is located at the top
of the cylinder 24. -

The throttle chamber 29 is cylindrical in form
and has an axis which is generally parallel to the
axis of the pump proper. One end of the throttle
chamber 29 is sealed by means of a standard %
inch pipe plug 30, while at the opposite end, a
bushing 31 is press-fitted into the chamber for a
distance of a little less than one-half the overall
length of the chamber.

A throttle valve 32 is slidably fitted in part
within the bushing 31, the forward portion of the
throttle valve having a collar 33, which opera-
tively serves to force a sealing ring 34 against a

seat 35 formed on the inner or front end of the ,

bushing 31. Forwardly of the collar 33, the valve
has a pilot portion 36 which serves to position a
compression spring 37 located within the throttle
chamber 29, and interposed between collar 33 and
a pipe plug 30 which closes the front end of
throttle chamber 29. The rear portion of the
throttle valve 32 projects in part beyond the bush-
ing 31, the rear extremity of the valve being in
contact at all times with a throttle lever 38, which
is generally L-shaped, one leg of which is bi-
furcated and pivotally connected to the cylinder
24 by means of a pin 39, the other leg of the lever
38 extending in a direction over the throttle cham-
ber 29 as shown. The throttle valve 32 has a re-
duced diameter mid-portion, which is of such
length as to uncover ports 40 and 41 (Figs. 4, 9
and 15), within the bushing 31, during all posi-
tions of the throttle valve. An exhaust port 42
extends through the bushing 31 and cylinder 24,
and is so positioned that it is uncovered by the
reduced diameter mid-portion of the throttle
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valve 32, when said valve is in non-operative
position, and is covered by the rear portion of
the throttle valve, when said valve is in full op-
erative position. An oil hole 43, extending
through the cylinder 24 and bushing 3I, is pro-
vided for the convenient lubrication of the throt-
tle valve 32.

It will now appear obvious that the throttling
arrangement is such that when throttle lever 38
is fully depressed, the throttle valve 32 will be
forced to a forward or full operative position,
thereby covering exhaust port 42, unseating the
ring 34, further compressing the spring 31, and
thus allowing air in the throttle chamber 29 to
pass around the reduced diameter mid-portion of
the throttle valve, and enter simultaneously ports
40 and 41. When the throttle lever 38 is released,
spring 37 (assisted by the pressure of the live air)
will force the throttie valve 32 to a backward or
non-operative position, thereby seating the ring
34 to restrict further air passage from the throttle
chamber 29, and will simultaneously uncover ex-
haust port 42 to allow exit to the atmosphere of
air in passageways leading from ports 40 and 41.

The port 40 opens into an air passageway #4
(Figs. 9 and 15) in the cylinder 24, said passage-
way extending forward to another section of the
pump, the detailed description and function of
which will be discussed later in the specification.
The port 41 opens into an air passageway 45 (Figs.
4, 9 and 15) which passes downwardly in the cyl-
inder and into a circumferential recess 46 formed
on the outer surface of a valve bushing 47.

The valve bushing 47, which is best illustrated
in Fig. 15, is cylindrical in form and is press-
fitted within a transverse bore in the body of the
cylinder 24, in the manner shown. The valve
bushing 47 is open from end to end and has two
smooth finished bores, a larger bore 48 and a
smaller bore 49 which is concentric with and ad-
jacent to bore 48. Both ends of the valve bush-
ing 47 are internally threaded, the threads con-
centric with and adjacent to the larger bore 48
being adapted to receive a distributor valve stop
50, while the threads at the opposite end of the
valve bushing are concentric with the smaller
bore 49 and are adapted to receive a pressure
regulator valve cap 51.

Distributor valve

Reciprocally positioned within the larger bore
48 is a distributor valve 52, which has a reduced
external diameter mid-portion and is internally
provided with a counterbore 53 and bore 53, both
of which are smooth finished. Within the larger
bore 53 of the distributor valve 52, is positioned
a pressure regulator valve push pin 55, which has
a narrow integral collar 56, slidably fitted to the
bore 53. Also positioned in bore 53 is a dis-
tributor valve spring 57 which is maintained
under compression, and which surrounds a major
portion of the push pin 55, and is interposed be-
tween collar 56 and the bottom of the counter-
bore in the distributor valve 52. Beyond collar
58, the pin 55 has a pilot 58 for the positioning
of a pressure regulator valve spring 59, main-
tained under compression and interposed between
the collar 56 and a shoulder 60 in a bore 61 of
the distributor valve stop 58. A hole 62 within
the valve stop 59 is provided for open communi-
cation of the bore 61 with the atmosphere. The
push pin 55 has a reduced diameter, at the end
opposite the collar 56, which is arranged to slid-
ably reciprocate within the bore 54 of the distrib-
utor valve 52, A shoulder 63 formed on the push
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pin 55 limits movement of the push pin in one
direction, .
Pressure regulator valve

A pressure regulator valve 64 has a stem por-
t10n of cylmdncal form recxprocably arranged

in part within the bore 49 of the valve bushmg.

41 and progectmg into 8 cav1ty 65. formed in the

valve cap. Bi, the diameter of said cavlty bemg‘

somewhat greater than the dlameter of the ad-
jacent portlon of the valve 64. The oppos1te end
of valve 64 abuts against d1str1but01 valve 5"‘
The regulator valve B4, best seen in Figs. 6 and 7,
has a shoulder 66 (engageable w1th bushmg &1
to limit travel of the valve in one dlrectmn)
and a mrcumferentral groove §1, Whlch connects
at two. points w1th a, zig-zag hole. arrangement 63
within the valve &4, the functlon of said groove
67 and hole arrangement 68 being discussed. in
the operation of the punp as found later in the
spemﬁcatlon

The dlstrrbutor valve 82 and regulator. valve
64 are shown.in Fig, 9 in a non-operative position.
In such position g plurality of ports 89, radially
positioned in the distributor valve bushlng §7 al-
low for the passage of live air from the circum-
ferential recess 48 to the hore 48 of the valve
bushing 47, around the reduced diameter mid-
portion of the distributor valve 52, through a
plurality of .radially arranged ports 78 in the
valve bushing 47, into a circumferential recess 7!
formed on the outer surface of the valve bushing
47, and finally into an air passageway 72 which
extends downwardly in the cylinder 24. How-
ever, when the distributor valve 52 and regulator
valve 64 are shifted in the valve bushing 47 to the
extreme left or operative position, i. e. when the
dlstrrbutor valve 52 is abutting the valve stop 58,
as shown in Fig. 15, ports 59 are covered by the
distributor valve 52, and a plurality of ports 13
in the valve bushing 47 are placed in communi-
cation with the reduced diameter mid-portiorn of
the distributor valve 52 as.shown. Thus in the
operative (Fig. 15) position, any air under pres-
sure in passageway 72 will pass through recess
11 and ports 19, around the reduced diameter
mld-nortmn of the distributor valve 52, through
ports 73, around a reduced dismeter end portion.
of the valve bushing 47, and out to the atmos-
phere.
14 radially disposed within the valve bushing 47, _
are, uncovered by the distributor valve 52 when
in operative position, the reason for which will ke
discussed in the operation of the nump, as found
later in the specification. Summarizing, the dis-
trlbutor valve §2 normally connects the passage-
way 12 to live air, as shown in Fig. 9, uniil dis-
placed by the pressure regulator valve 84, after
which it connects passageway 12 to exhaust, as
shown in Fig. 15.

Shift valve

The. air passageway 12 exits into a shift valve
chamber T8 (¥igs. 4 and 9) which contains a shift
valve. 18 and a shift valve spring 17 maintained
under compression: One end. of the spring. 77
abuts against a pipe plug 78, which closes the
outer end of chamber 75, while the cpposite end:
abuts against a shoulder on the shift valve ‘78.
The shift- vaive 76: has an elongated projection
which is snugly fitted: for reciprocation in g shift
valve bushing 78, which is press-fitted within the
cylinder 24 at the inner end of the shift valve
chamber T8. Forwardly of the shoulder of shiib
valve 76 is a conical surface which at times seats
against. the end of:- the. shift valve bushing 9.

It is to be noted.that a plurality of ports .
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The shift valve bushing 19 has a rearwardly open
counterbore which is somewhat larger than the'
diameter of the shift valve elongated porJectlon

An air passageway: 80 opens into the counterbore, -

- the function of said passageway. belng d1scussed‘

shortly. The elongated projection of the shift
valve 78 projects beyond the end of the shxft-
valve bushing 79 into a main air. chamber 8! 1n-
the cylinder 24, and is in contact with & piston,

-82- during the pump non- operatlve pos1tron and:-

also durmg a part of the.movement of: the plston
82. It can be seen that when the pump is in
non-operative position, and while the shift valve
16 remains unseated by contact with the piston.
82, egress of air from the shift valve chamber 15
takes place along two paths, the first of which
is a continuation of the passageway T2 and which
passes downwardly in the cylinder 24, the other
path being around the elongated porjestion of the
shift valve 78, within the counterbore of the shift -
valve bushmg 78, and then through the passage=
Way 80. When the pump is in operative position,
movement of the piston 82 permits seating of-the
shift valve 78, due to the action of the spring 17,
cutting off flow of air through the passageway:
89, but allowing for. the flow of air through pas-
sageway 72

Automatic valve

Passageway 12 leads into. a c1rcumferent1al
recess 83 (Fig. 9) formed on the exterior sur-
face of an automatic valve bushing 84, which
is press-fitted to a cylindrical transverse bore in
the: cylinder 24, as shown. A plurality of radi-.
ally disposed ports 85, connect the recess 83 to:
the bore of the valve bushing 84, while recip-
rocally arranged and snugly. fitted within the’
valve bushing is an automatic valve 86.  Each
end of the transverse bore for the valve bugh=
ing 84 has a threaded portion which is adapted
to receive a valve bushing cap 81, each valve
bushing cap having a cavity which is concentric
with the automatic valve 86, and which Has a
diameter somewhat larger than the maximum
diameter of the automatic valve '86. - The auto-
matic-valve 86 has two reduced d1ameter por-
tions' 88 and 89, portion 88 being of greater
length than portion 89, whereas portion 89 has.
one end of a ‘hole arrangement 90 which prov1des
an air passageway between portion 88 and the
right extremity of the automatlc valve 86 as
seen in Fig. 9.

When the automa*mc valve 86 is in the extreme:
left or non-operatlve pos1t10n two dlscrete eir=
cults for air ﬁow are estabhshed In the first
of the. two. c1rcu1ts the air in passageway 72
finds pr1n01pal exrt through c1rcumferent1al re-
cess 83 and. ports 85, around reduced d;ameter
tomatlc valve 86 then through a passageway 9!
(Figs. 4, 9 and 14) in the cylinder 24, and for-

“ward. to cylinder port 92 in front. of piston 82,

then oub to the atmosphere. through ports 93,

5 which are best seen in Figs, 2 and. 14. Some of

the air in the above descrlbed circuit. also ﬁnds
egress through a small vent 94 ‘which, is. formed
in the back wall of the cylinder 24, said vent
being approx1mate1y in: line- with. the passage-
way.-91. It is to, be.noted that the. bassageway
81 has a second port: 95 whlch opens info. the
ma1n alr chamber 8f, sa1d port 95, being . cov-
ered by the per1pheral wall of the. piston. 82 dur-
ing. a, maJor portmn of the. stroke of the plston
The functmn of; port 95 w111 be further, dlscussed
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in the description of the pump operation which
follows in the specification. ‘

In the second of the two circuits, any air in
the main air chamber 81 finds exit through a
passageway 96 (Figs. 9 and 14) which connects
the main air chamber to the bore of the valve
bushing 84, around the reduced mid-portion 88
of the automatic valve 86, through a plurality
of radially disposed ports 97 in the valve bushing
84, to a circumferential recess 98 on the outer
surface of the valve bushing 84, then on to the
atmosphere through a series of ports 99 formed
in the rear wall of the cylinder 24, the ports
99 best seen in Fig. 3. A small vent 160 (Figs.
3 and 9) connects the cavity in the left bushing
cap 81 with the atmosphere, the purpose of
which will be discussed in the operation of the
pump, as found later in the specification.

A final detail in the structure of the pneu-
matic portion 20 of the pump concerns a short
air passageway {01 (Figs. 4 and 15) which con-
nects the main air chamber 81 and the cavity
65 of the regulator valve cap 51, the function
of the passageway (01 being discussed later in
the specification.

Hydraulic system

Considering now the structure of the hydrau-
lic portion 21 and referring to Figs. 2, 4, 5, 8,
and 10, the numeral 102 indicates a reservoir
for housing an ail reservoir bag 103, which is
made of a flexible material preferably a syn-
thetic rubber, such as neoprene. The oil reser-
voir bag 103 contains oil and completely fills
the reservoir 102 when the pump is in non-op-
erative position, with the exception of a longi-
tudinal region on the inside of the reservoir 102,
wherein a flat flexible strip 104 (Figs. 4 and 5
keeps the bag 103 away from the inner wall of
the reservoir for the entire length of the strip
104. The strip 104 is riveted at one end to the
wall of the reservoir 102 and is so arranged that
the air passageway #4 exits into the space
formed between the strip and the inner wall of
the reservoir. In this manner the compressed
air emerging from passageway 44 during pump
operation, will act along the entire length of the
oil reservoir bag 103 and thus avoid uneven col~
lapse of the bag under pressure. In Fig. 8 the
dashed lines represent a showing of a partially
collapsed position of the oil bag 103.

The reservoir {02 is securely attached to an
oil valve block 105 (Fig. 4) by means of four
serews 106 (Figs. 2 and 11), which pass through
the block 105 and are arranged to also securely
attach the cylinder 24 by flange means thereon,
to the opposite side of the block 105. The air
passageway 44 is arranged o pass through the
oil valve block 105 so that an unrestricted path
is provided for the flow of air between those por-
tions of the passageway 44 in the cylinder 24
and in the reservoir 102 respectively. The open
end of the oil reservoir bag 103 is wedged be-
tween a tapered pilot {07 on the oil valve block
105 and a matched tapered surface on the inner
end of the reservoir 102, so that a liquid tight
seal is thereby effected.

Hydraulic pressure release

~In the preferred embodiment the pump is so
designed that the hydraulic pressure developed
can be released simultaneously with release of
the throttle lever 38, by an automatic pressure
release valve; or if desired, by a manipulative
member -after the throttle valve has been re-
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leased, in case the operator decides to lock the
automatic pressure release valve in closed
position.

The numeral 108 indicates an automatic pres-
sure release valve cylinder block which is se-
curely attached to the top of the oil valve block
185 by means of two screws (09 (Fig. 10). An
oil fller hole 116, passes downwardly through
the valve cylinder block 108 and continues into
the oil valve block 185. A pipe plug it is
serewed into the entrance to the oil filler hole
{10 in the valve cylinder block i08. A thread-
ed portion 112 is arranged at the mouth of the
oil filler hole {10 in the oil valve block 105, to
receive the plug 111 in the event that the auto-
matic pressure release valve means is to be sub-
stituted by a screw type pressure release means,
hereinafter described in connection with the
modification of Fig. 16. An oil passageway 13
in the oil valve block 105, connects the oil filler
hole 1168 with the open end of the oil reservoir
bag 103, as shown in Figs. 10 and 14.

An automatic pressure release valve piston |14
is positioned for reciprocal movement within the
valve cylinder block {08. On the upper side of
the piston 114 is formed a chamber (15 (Figs. 4
and 10), which is connected to the oil filler hole
(16 by means of an oil passageway [16 sloping
downwardly in the vaive cylinder block from the
upper region of the chamber 15, It will be ap-
parent that with such an oil passageway arrange-
ment, the pneumatic pressure exerted on the oil
in the oil reservoir bag 93 forces oil up into the
chamber |15, and the unit hydraulic pressure at-
tained by the oil in the bag 183, is transmitted to
the upper surface of the piston I14. Project-
able within the chamber {i5 is a pressure release
valve block screw (17, which can be rotated by
means of a handle (18, for engagement with
the piston {14, in the event that the operator de-
sires to prevent the automatic opening of the re-
lease valve.

On the under side of the piston (14 is a pres-
sure release valve spring 119 (Figs. 4 and 10)
maintained under compression at all times, and
which is in abutting relationship with the under
side of the piston I {4 through the intermediary of
a washer 120, the opposite end of the spring being
in abutment with the top surface of the oil valve
block §85. Concentrically positioned beneath the
piston {14 is a pressure release valve {24, having
the form of a cylindrical plunger, and which is
adapted for reciprocal movement within a smooth
finished bore 122 extending downwardly in the
oil bloeck 185. The lower portion of the release
valve {21 has a reduced diameter which termi-
nates in a conical point. At the lower end of the
bore 122, and surrounding a major portion of the
reduced diameter of the release valve 121, is a
threaded portion 123 which is adapted to function
in the event that the screw type pressure release
valve is substituted as shown in Fig. 16. At the
bottom of the bore 122, and concentrically ar-
ranged with the axis of the bore {22 and release
valve 12} respeciively, is a small oil passageway
{24 (Figs. 4, 10 and 14) which extends downward-
ly within the oil valve block 105 and connects
with a larger diameter longitudinal oil passage-
way 125. Another longitudinal oil passageway
{26 connects the threaded portion 123 of the bore
22 to the open end of the oil reservoir bag 103,
ag illustrated in Figs. 4 and 10.

When the conical point of the pressure release
valve {21 is seated in the opening of the passage-
way 124, the flow of oil from passageway 128
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through passageway | 24 about the reduced diam-
eter portion of the valve 121, through the pas-
sageway 126, to the oil reservoir bag, 103 is pre-
vented; anrl conversely, when, the pressure re-
lease valve is unseated, the ﬁow of oil through
said passageways 124 and 126 to the oil reservoir

bag 103, is permitted, thereby prov1d1ng a short.

circuit beuween the high and low pressure ports
of the hydraulic system for a purpose hereinafter
set forth. . SRS o
Hyéraulic pumping circuit B

A short vertical oil passageway 127 (Fig.- 10)
conects the longitudinal passageway 113 to a
chamber 128 formed in a bushing 129, which' is
positioned above a first check valve 39 (Figs. 10
and 14). The check valve 130 is adapted for re-
ciprocable movement within a smooth ﬁmshed
vertical bore 131 formed in the oil valve block
105, the lower end of said bore opening on the
bottom surface of the bitck 105. The check valve
133 is tubtlar in form, the top end being closed
and having a beveled edge engageable- with a

‘10

18

20

valve seat on the lower end of bushing 129 which

functions to close the bottom of chamber (28.
Within the check valve 130 and extendmg there-
from, is a compression spring 132 which abuts
against an internal shoulder in the check valve
130 at the upper end, and-a check valve spring
spacer 133 at the lower end. The spring spacer
133 is smoothly fitted to the bore 131 and is po-
sitionally maintained therein by means of a pipe
plug {34, which is threadably affixed at the lower
end of said bore (3f. At the upper end of the
check valve 139 is a plurality of ports 135 which
are radially disposed in the wall of the check
valve, the outside diameter of the check valve
{80 at the region of the ports 185 being some-
what less than the outside diameter of the low-
er portion of the check valve, Eniering into-the
check valve bore 131 and adjacent the bottom
edge of the bushing 129, is a transverse oil pas-
sageway 136.

Check valve 130 functions as an 1n1et valve for
the pump. It will be apparent that the operation
of check valve 138 is mainly dependent upon the
relative preSsure of the oil in chambér 128 and
passageway i36. When the pressure of the oil
in chamber 28 acting against the top of the
closed end of the check valve 130, is greater than

the combined pressure of the 011 in passageway .

i35 and the compressive pressure of the Spring
132 ‘acting on the bottom of the closed end of
check valve {38, the check valve will be unseated,
and oil will flow from the chamber (28, around
the reduced diameter portion of check valve 130,
to the passageway. 138. Conversely, when the
pressure of the oil in chamber 128 is less than the
combined pressure of the oil in passageway. 136
and the compressive pressure of the spring 132,
the check valve will be seated and there will be no
flow of oil between the chamber {28 and the
passageway 138,

The. passageway 138 leads through an 011 pres-
surizing chamber {37 (Figs. 10 and 14), which is
c,rhndrlcal in form and which is concentrlcally
arranged about the longitudinal axis of the pump,
thence to a short passageway 138 which exits
into a chamber 139 formed in a bushing l40
which is positioned above a second check valve or
discharge valve 141. Check valve {41 is structural-
ly like the check valve 130, and is remprocably ﬁt-
ted to a smooth finished vertical bore 142 formed
in the oil valve block’ 105, The Jower. end of the
bore I42 opens into the bottom surface of the block

105 and is adapted to receive a pipe plug 143, by

25

30

40

i 551

~55

60

65

70

75

10
means of a threaded. portlon at-the end.of thebareé,
A.compression - spring . {44, . arranged within and
extending from the check. valve 141; abuts. against
a shouldey therem at one: end and -the pipe. plug
143 at the, other end»‘ vthereby serving. to. seat the-
check valve Ml at. the -lower- inner edge of- the
bushmg 149, An open1n<T l 5., (l"lCT 4)..in block

longltudlnal 011 pas geway l"5 The passage-
way- 125 is also sconnected at the region; of the
openrng Ma o a cavity l46 (Flgs 4, 10.and 14
sa1d cavrtj havmcr a hreaded portlon ada,pted to
receive an ell 147.(Figs,. 2, 10 and 14), to-which is
threadably connected the hydraulic dehvery hose
23.

It wnl be apparent that when the pressure of the
oil acting on the closed end of check valve -141
within chamber I39 is gv eater than the combmed
pressure of the Spring 144 and the -pressure :of
the oil in passaveway 125 actmg on,the ynder
s1de of said closed end, the check valve 141 will
be unseated and 011 w1ll ﬂow from chamber 139,
l4l through openmg 145, 1nto passageway I25 to
cavity 148 and on fo the hydrauhcally powered
tool (not shown) connected to.the remote £x-
trem1ty of the hose 23

comblned p1 essure of the spring 144 and the pres-
sure of the oil in passageway 125, the check valve
141 will be seated and there will be no How of oil

"between the chamber 139 and the hose 23. Thus,

the per1odlc lowerlng and raising of pressure in
the oil pressurizing chamber (3T alternately
draws oil from the reservoir bag 103, past the in-
let check valve 130 into the pressurizing cham-
ber; and then forces the oil, out of said chamber
past the discharge check valve l4l to the delivery
hose 23.
Pump apparatus

On the side of the oil valve block, I05 oppos1te
the oil reservoir, 102, is an. elongated prOJectlon
l48 (Flgs 4 and 14) wh1ch is concentrically..ar-
ranged w1th respect the ax1s ,0f the.cylinder -24.
The prOJectlon l48 has, a. counterbore 148 which
extends the ent1re length of said pro.1ect1on and
contmues 1nto the 011 valve block 105 for.a.short
pressure chamber il 3'1 Smce the; dlameter ;of
the . counterbore l49 is. larger than the: dlameter

_of the bore f01m1ng the Jpressurizing. chamber 131,

a, shoulder 150.is formed at the Junctmn of  the
two bores a8 seen in F1g .4 and 14 A plston ‘ram
bushmg 151 is snugly ﬁtted to the counterbore 149,
one end of ‘the bushmg 151 abuttmg agamsf, the

_shoulder 150, .the other end of, said bush1ng,be-

ing in abutment w1th a bushlng nut, l52 which is

screwed into a threaded port1on at the rear-end

_of the. counterbore 149, as-shown. Thee bush1ng

15l has a_bore: which is oth ﬁmshed for.re-
czprocable movement therem of 8 p1ston ram 153.
A. mrcumferentlal -recess. l54 formed in the. bore
of the bushlng 151, surrounds the plston ram. 153
and is. arranged to connect w1th & bassageway
155,. wh1ch passes through the bushmg 151 and

_the .oil valve block. 105, and exits into the.open
end of the oil reservoir bag- 103,

In. this manner
any oil wh1ch leaks by the. plston ram. 153 durmg
pump operat1on ﬁnds ready passage back to the
oil reservoir.proper. . . T

The p1ston ram. l53 has a head portmn A 55
which is maintained in abuttmg relatlonshlp wlth
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the piston 82 by means of a compression spring
151, through the intermediary of a piston ram
washer 158, the opposite end of the spring 157
abutting against the wall of the oil valve block
* 105 around the base of the projection 148. The
-strength of spring 157 is sufficient to fully retract
the piston 82 when the air in the main air cham-
ber 81 is exhausted to the atmosphere.

The length of the piston ram 153 is such that
when the piston 82 is in non-operative position,
the end of the ram within the oil valve block 105
is approximately in line with the shoulder 150,
as shown in Fig. 4. The diameter of the piston
ram 153 is approximately two-thirds the diameter
of the pressurizing chamber [3T. The forward
end of the pressurizing chamber {37 is closed by
a pipe plug 159 which provides a liquid tight seal
for that end of the pressurizing chamber 131.

on the side of the piston 82 within the main
air chamber 81 is a cylindrical projection 160 ar-
ranged concentrically with the pump axis, said
projection 160 serving to limit the extreme back-
ward movement of piston 82, as is clearly evident
in Fig. 4. A piston ram seal 161, made of a flex~
ible material such as leather for example, sur-
rounds the projection 160 and slidingly engages
the walls of the cylinder 24, serving to provide a
sealing means for the air in the main air cham-
pber 81. The seal 161 is positionally maintained
by means of a washer 162 and a retaining ring
163, which is fitted to the projection 160, as
shown.

Operation

Before entering into a description of the oper-
ation of the pump, it is desired to point out cer-
tain features or expedients which are embodied in
the structure of the pump, some of which may not
have appeared obvious.

Pirst, the length of the pressurizing chamber
131 is such-that the end of the piston ram 153
is free from contact with the closed end of said
pressurizing chamber, i. e. the plug {59, when
the piston 82 has moved to the extreme limit, of
its working stroke.

Second, the quantity of oil in the pump hy-
draulic system at the completion of an operating
cycle i. e., after the oil has returned to the reser-
voir, is the same as the quantity of oil in the
pump hydraulic system before the start of an
operating cycle, excepting of course, that which
may be lost due to any leakage. This is arranged
by the use of a check valve hose coupling, not
shown, of the type having a spring seated valve
which is unseated or opened only when the cou-
pling is connected. The male portion of the cou-
pling is attached to the end of the hydraulic hose
23, while the female portion is attached to the
hydraulically operated tool. Thus when the cou-
pling is connected, the pump forces oil from the
hose 23 past the open check valve hose coupling
and into the hydraulically operated tool con-
nected thereto, whereas the return stroke move-
ment of the hydraulically operated tool forces the
oil past the check valve hose coupling into the
hose 23 and baeck to the pump reservoir proper.
The use of a check valve hose coupling of such
type, provides for ready make-and-break con-
nection of the pump to whatever type of hydrauli-
cally operated tool it is desired to use at the time,
and still prevents the oil from draining from the
hose 23 when the hose is not attached to a tool.

Third, regarding the capacity or output of the
pump, it is obvious that such is merely a matter
of proportion of the various pump parts. How-
ever, for a commercial embodiment of this in-

12
vention, an oil delivery flow of 38 cubic inches
per minute at 8,000 pounds per square inch is at-
tained from an oil reservoir capacity of 45 cubic
iaches. To augment the oil capacity of 2 pump
of any given size, the use of an auxiliary reservoir
as later described and illustrated in the draw-

. ings, may be provided.
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Fourth, it is to be noted that the pump is sup-
ported for normal upright position by means of
flat portions on the bottom of the cylinder 24,
oil valve block 105 and oil reservoir 182, as best
seen in Fig. 2. However, as has been mentioned
heretofore, the pump will operate satisfactorily
while maintained in any desired position.

Finally, in accordance with the usual construe-
tion of machines in this general class, an air line
oiler of any suitable type may he provided in
order that a small amount of oil may he intro-
duced into the live air as a lubricant for the
valves and the air operated piston.

Turning now to a consideration of the oper-
ating cycle of the pump, Figs. 4, 9 and 10 illus-
trate the relative position of the various movable
parts of the pump when the pump is in non-
operative position. Since the foregoing descrip-
tion of the pump’s structure has heen made
with reference particularly to the pump in non-
operative position, it is not deemed necessary to
again discuss the relative position of the movable
parts of the pump when in non-operative posi-
tion. If the operator desires that the hydraulic
pressure developed by the pump and delivered
to the hydraulically operated tool, is to be auto-
matically released after the throttle lever 38 is
released, he merely observes that the handle 18
(Fig. 4) has been rotated so that the release valve
serew 17 is free from contact with the release
valve piston (i4; whereas, if he wishes the de-
veloped hydraulic pressure to be maintained
after the throttle lever is released, he checks to
see that the handle 118 is rotated so that the re-
lease valve screw 147 is in contact with the piston
114.

Assuming then that the pump is connected to a
source of live air by means of the air hose 42, and
the delivery hose 23 is connected to a hydrauli-
cally operated tool, and that the automatic re-
lease valve is set for automatic release (as in
Fig. 4), the operator initiates the pump operat-
ing cycle by fully depressing the throttle lever
38. The throttle valve 32 is thereby unseated
and live air flows from the throttle valve cham-
ber 29, past the valve seat 35, about the reduced
diameter of the throttle valve 32 and into ports
40 and 4i. The air entering port 40 passes
through the air passageway 44, enters the air
reservoir 102 and acts upon the exterior of the

_oil bag 103, thereby pressurizing the oil contained

therein and forcing oil into the oil passageway
113, from which it passes into oil passageways
{16 and 127 (Fig. 10). The oil in passageway
116 flows upward into the chamber {15, and acts
upon the piston (14, which results in the seat-
ing of the pressure release valve {2t in the cpen-
ing of the passageway 124. The oil in passage-
way 121 enters the chamber (28, where the pres-
sure of said oil unseats the inlet check valve 130,
the oil thereby advancing through passageway
136 into the pressurizing chamber 137, wherein

“it is eventually pressurized by the advance of the

piston ram 153.

The air going through port 41 (Fig. 9) passes
through passageway 45 and ports 69 into the
bore of the valve bushing 41, about the reduced
diameter mid-portion of the distributor valve 52,
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‘and-through the radial ports 70 and annular.re-
cess M- to the air passageway 72. The air-from
passageway 12 enters the shift valve-chamber- 75
(Pig. 4), some of the air passing onward through
said chamber and into the continuation of pas-
sageway T2; while some flows past the unseated
shift valve 76 into the passageway 80: The air
in passageway-88- enters the cavity-in the- left
cap 81 (Fig. 9), thereby shifting the automatic
valve 86 to the right, where the end of the valve
86 -abuts against the bottom of: the cavity formed
in the other cap 87. The automatic- valve-88-in
shifting to the right; uncovers the vent 100 so
that air in the cavity of the left cap 87 is ex-
hausted to the atmosphere. : )

The air which flows downward from- the- shift
valve chamber 75 through - the continuation of
passageway 12- (Fig. 9), is allowed to exhaust to
the. atmosphere before the automatic- valve 86
is shifted to the right; such exhausting-taking
place by way of annular groove 83, bushing ports
85, valve recess 89, passageways 98 in the auto-
matic valve 88 and through the passageway §f
(Figs. 4 and 11), port 92, and then through cylin-
der exhaust ports 93. After the automatic valve
86-is shifted to the right, the air from passage-
way 12 flows about the reduced diameter portion
88-of the automatic valve 88; into passageway 95
(Figs. 9, 11 and 14), from where it enters the
main air chamber 8i. As the air builds up - pres-
sure in the main air chamber 81, plston 82 begins
to move, which results in the compression of the
spring 157-and the simultaneous pressurizing of
the oil in chamber {37 by means of the advance
therein of  the piston ram 153.
continues its movement which constitutes the
power stroke, contact with the shift valve 7§ is
released and ended, as the shift valve 16 is al-
Tlowed to seat by action of the spring 17, thereby
cutting off the flow of air from chamber i5 to
the passageway 80.

Power siroke

Fig. 11 illustrates the first stage in the power’

stroke of the pump, as just discusssed. The
single-headed arrows indicate air at no greater
than air line pressure, the double-headed arrows
indicate oil under air line pressure, and the triple-

headed arrows indicate oil under higher pressure

as a result of the pressurizing which takes place
in the pressurizing chamber 137, Tt is to be noted
that the inlet check valve 129 has been seated
while the discharge check valve {41 has been un-

seated, each as a result of the pressurization of
the oil in the pressurizing chamber 137, and that-

the oil is flowing under pressure into the oil de-
livery hose 23. As has been indicated in the
preceding discussion of the pump’s structure, the

compression springs 132 and {44 of the check

valves 139 and (41 respectively, provided for the
automatic actuation of the said valves in ac-
cordance with the relative pressure of the oil in
the pressurizing chamber {37 and the cil in the
oil bag 103,

It may be pointed out that the maximum pump
delivery pressure of 8,000 pounds per square inch
is not ordinarily realized after the completion of
the first power stroke, but rather is attained only
after a series of successive power strokes, in ac-
cordance with the amounst of oil that will have to
be pumped to the hydraulic tcol which is con-
nected to the pump. In other words, some tools
may require full oil capacity of the pump before

the maximum oil bressure can be built up, in_

which case the piston 82 will undergo a. certain

As the piston.
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‘number- of reciprocations to pump: the. required

amount of oil; and: hence the maximum.: oil pres-~

sure. of 8,000 pounds. per. square inch- will be

achieved only on the final power stroke. Ordi-
narily, the operator keeps the throttle lever 38
fully depressed continuously during a succession
of:piston reciprocations until-the desired.oil pres-
sure. is' attained, after. which he. releases. the
throttle lever 38. By opening the- throttle valve
anly part way. and by closing it when desired, the
operator may control the movement-of the .ram
(not. shown) on the driven tool: Thus the.ram

.may be run out at full speed:or:it.can be inched

forward, stopped, held in-position, or retracted,
as . desired.
: Return stroke:

Fig.-12 111ust1ates the relative posmon of the

_various parts of the pump just after completion

of-a power stroke and at the beginning of the
return stroke. It will be seen that when the
piston 82 is advanced during the power stroke to
a certain position, which can be termed maximum
forward position, cylinder port 85 is uncovered
and port 92 is simultaneously covered by the
piston head, thereby allowing air in the main air
chamber 81 to flow through port 85 into passage-
way §i, to the reduced diameter mid-portion 83
of the automatic valve 86, and into hole arrange-
ment §0 within said automatic valve. The air
which exists from the hole arrangement $8, builds

“up- pressure behind the right end of automatic

valve 8§ within the cap 8%, and forces the auto-
matic valve to the left, i. e. the end being forced
into abutment with the bottom of the cavity in
the-other cap 87. Upon movement to the left the
valve 88 displaces ‘the air in left cap 87 which
escapes -to atmosphere around the: periphery- of
valve 86 and through the small port 189 (Fig.9).
The shifi of valve 86 to the left places the »as-
sageway 96 (Figs. 9 and 12) in communication

- with the ports 88 by way of the reduced disgmeter

portion 88 of the automatic valve 86, thereby ex-
hausting the air in the main air echamber 8{ to
the atmosphere. As soon as the pressure in the
main air chamber is released, the spring {57 acts
to force the piston 82 rearward to its initial posi-
tion within the cylinder 24. It is to be noted that
the port 95 is uncovered only for that instant
during which the piston 82 is in maximum for-
ward position, and that some of the air in pas-
sageway 12 is bled to the atmosphere during the
return stroke of the piston via the hole arrange-
ment 88, passageway 91, ports 92 and 98, and also
restricted vent 94.

During the refurn stroke of the piston, the pres-

" surizing chamber {37 expands in size to reduce

the pressure on the oil therein, while the air.in
bassageway £4 is still acting upon the oil bag 103,
thereby forcing a slug of oil past the inlet check
valve 138 and into the pressurizing chamber. 131,
in preparation for the next pressurizing stroke of
plston ram 153.

As the piston 82 repeatedly. reciprocates, the
oil pressure gradually rises in the discharge hose
28, causing a corresponding rise in the resistance
of discharge valve 141 to opening movement and
in the resistance offered by the oil in pressurizing
chamber {37 to forward movement of the piston
ram 153. Against this increased opposition the
forward motion of the piston 82 becomes less
rapid as compared with preceding strokes. Under
ordinary operating conditions, however, the op-
bosition is still small enough, and the forward
travel of the piston still fast enough, to prevent
the air in cylinder chamber 81 from approaching
line pressure (say 90 P. 8. 1) as the chamber ex-
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pands on the power stroke. Accordingly the
pressure regulator valve €4 and distributor valve
52 remain in the non-operated position of Fig. 9
under normal operation.

Qil pressure release’

It has been pointed out that the piston 82 starts
to reciprocate when the throttle lever 38 is de-
pressed and continues in a succession of pumping
strokes until the throttle lever is released. When
this occurs, the oil pressure in hose 28 may not
be automatically released, depending upon the
setting of the manipulative secrew 117. If the
screw (Fig. 4) is forced down on pressure release
valve piston 14, the pressure in hose 23 will be
maintained because the oil in that hose has no
means of escape back to the oil reservoir bag 103.

If, on the other hand, the operator desires to
have the oil released from hose 23 automatically
upon closing of the throttle, he first conditions
the machine for automatic pressure release by
withdrawing the screw {17 out of the path of the
pressure release piston 1{4. When operating with
such a setting the valve piston {14 is held down
by the pressure of oil admitted through passage
{16, which is maintained only so long as live air
js delivered through the throttle valve and pas-
sage 44. When such pressure is released the
pressure release valve 121 rises under the in-
fluence of spring 119 to open a path from the oil
hose 23 direct to the reservoir bag 103, inde-
pendently of the check valves, as above deseribed.

Manual pressure release

In the modification of Fig. 16 the automatic
pressure release valve piston ({4, and its associ~
ated housing, spring, etc., are omitted to simplify
the structure and reduce the manufacturing cost.
Instead of the automatic valve 12{, the modifica-
tion comprises a manual valve i21a (Figs. 16, 17)
having a threaded portion 121b engageable with
the screw threads 123 in the oil valve block 105.
Seating and unseating of the modified pressure
release valve (2la is effected by turning the
handle (2ic. In other respects the valve (2ia
is comparable to the automatic valve (21. In the
modification of Fig. 16, the threaded opening (12
is directly engaged by a pipe plug for closing its
upper end.

Pressure regulator

In the foregoing discussion it was assumed
that the operator would release the throttle lever
and stop the pumping operation before the pres-
sure in oil hose 23 attainzd a dangerous value.
If he fails to release in time, however, the pressure
regulator automatically comes into operation and
stops the reciprocations of the piston, without
however, releasing the pressure of the oil already
pumped into the hose.

PFigs. 13 and 14 illustrate the relative position
of the various parts of the pump just at the time
that maximum pump pressure is reached.
Assuming that the maximum oil pressure of the
pump under discussion is 8,000 pounds per square
inch, then the effective air pressure in the main
air chamber 81 will not realize a maximum value
until the maximum oil pressure is realized in the
pressurizing chamber §37. When this occurs, the
piston 82 is short stroked and the air in the main
air chamber 84 has time to build up and approach
line pressure, and by way of passageway 101, to
force the regulator valve 64 toward the left in the
valve bushing 47, which results in the simultane-
ous shifting to the left of the distributor valve 52,

_ so that the end of said valve 52 abuts the distribu-
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tor valve stop 50, as shown in Fig. 15. In such &
position, the distributor valve 52 allows exit to the
atmosphere of the air in the main air chamber
8t, by way of passageway $6, about the portion
88 of the automatic valve 86, through passageway
72 and onward about the reduced diameter mid-
portion of the distributor valve 52, and finally
through ports 13 in the bushing 4T.

When the distributor valve 52 is in its shifted
position (Fig. 15), the ports 69 are covered by the
distributor valve, while the ports 14 are un-
covered. This allows the live air from passage-
way 45 to act upon the end of the distributor
valve 52 which is in abutment with the regulator
valve 64, and to hold the distributor valve in
shifted position independently -of the pressure
exerted upon the distributor valve by fhe regula-
tor valve 64. Under these conditions the distribu~
tor valve 52 may be released from shifted posi-
tion, only upon release of the throttle lever 38,
which results in the cutting off of air flow to pas~
sageway 45, and allows escape of air from pas-
sageway 45 to the atmosphere by means of port
42, thus permitting the regulator valve spring 59
to §hift the distributor valve 52 to its first or
normal position. The strength of the regulator
valve spring 59 is a factor which determines the
point of cut-off for the hydraulic delivery pres-
sure, it being obvious that a spring with a lower
compression factor will allow the distributor
valve 52 to be shifted at a lower value of hy-
draulic delivery pressure, which is directly re-
flected in the pressure of air in the main air
chamber 81. It will be seen that the zig-zag hole
arrangement 68 of the regulator valve 64, pre-
vents the trapping of air within the chamber
formed in the valve bushing 47 at the end of
the distributor valve 52, and thus allows the un-
restricted seating of said distributor valve.

Auxiliory reservoir

While it is apparent that the oil capacity of any
given pump of the present type is constant once
the dimensions of the parts are established, extra
oil capacity can be obtained by means of an
auxiliary oil reservoir, which is readily connected
to the pump, for use of the pump with hydraulic
tools requiring more oil capacity for operation
than that normally afforded by the pump. Figs.
18, 19 and 20 illustrate an auxiliary reservoir
system, which when connected to the pump, in-
creases the oil capacity by approximately three
times. - In identifying parts of the auxiliary reser-
voir system, numerals which have been previously
used in the detailed description of the pump will
be reused, with the letter “a” following, to identify
identical or corresponding parts.

The auxiliary reservoir system is simple in
structure and basically consists of three main
parts, a connection block 164 and two reservoir
portions 1862¢, each containing an oil reservoir
bag 103a. The reservoir portions 102¢ are con-
nected to the block 164 on opposite sides thereof
by means of four bolts 105. A tapered pilot 107a
is located on opposite sides of the block 164, the
purpose of said pilots being for centering the res-
ervoirs 102¢ with respect to the block 164, and also
for fixing the reservoir bags 193¢ in liquid tight
manner. Extending into the block 164 from one
face are two bores 165 and 166, each having a
threaded portion at the entrance thereof. Pas-
sageways 161, leading from the bore 165 at two
points, exit on each side of said block 164 in a
region near the base of each pilot 107a, each of
said passageways 167 being located in line with
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the opening of passageway 44c in the reservoir
portion (02¢. The bore {656 has passageways 168
leading therefrom at two points, and opening on
the surface of each pilot {§7a in the region of
the open end of the oil bag 182¢. A transverse
passageway {88 having a diameter approximately
equal to the diameter of the bore 186, extends
through the block 164 and connects the bore 166
to the surface of each pilot {87a, the ends of said
passageway (63 also being in the region of the
open end of the oil bag {83a.

The auxiliary reservoir system is connected to
the pump by means of two pipes, not shown, but
represented diagrammatically by the broken
lines O and A respectively. The first end of pipe
O is threadably connected by means of standard
pipe connecticns to the bore {68 in block 164
(Fig. 20), the second end of said pipe O being
threadably connected to the oil filler hole 40
in the oil valve block {5 (Fig. 10); or alterna-
tively to threaded opening {i2 in Fig. 16. In
similar manner the first end of the other pipe A
is connected to the bore 165 in the block 54 (Fig.
20), the second end of said pipe A being con-
nected to a threaded bore 170 (Fig. 10), which
is formed in the oil valve block {85; or alterna-
tively to a threaded bore {70a (Fig. 16). 'The
bore {76 (or 170a) is connected to the oil pas-
sageway 84 by means of a passageway 71 (or
{Tig). When the pump is not connected to an
auxiliary reservoir system, as set forth above,
the oil filler hole [18 and the bore 10 are
plugged by means of standard pipe plugs iii.

The operation of the auxiliary reservoir sys-
tem and the manner in which it functions to
supplement the oil capacity of the pump is as
follows: Some of the air in passageway 44
enters passageway 171 and bore (70 in the oil
valve hlock (65, then passes through the in-
terconnecting pipe A to the bore 165 and through
passageways (67 in the block 164, and exits into
each oil reservoir 102a to exert pressure upon
the oil in the oil bag (03¢, contained therein.
As a result of the pressure on the oil bag 103a,
oil is forced out of each oil bag 103¢ into pas-
sageways 168, and bore (66 in the block 164,
through the interconnecting pipe O and into
the hole filler hole {0 in the oil valve block (05,
the oil thus becoming part of the oil system of
the pump.

A divisional application, Serial No. 252,762,
filed October 16, 1951, contains claims relating
to an auxiliary reservoir system, and to an air
motor per se, all as shown and described herein.

What is claimed is:

1. A pump comprising in combination a pneu-
matic portion, a hydraulic portich coupled to
the pneumatic portion, and a reciprocable pis-
ton contained in part within each of said por-
tions, said pneumatic portion being arranged to
receive a pneumatic medium and having a pas-
sageway arrangement which directs an amount
of said medium for motivation of said piston and
another amount to the hydraulic portion, said
hydraulic portion having an oil reservoir the
volume of which can be decreased by action of
said pneumatic medium, a check valve system
inecluding a liquid pressurization chamber, an
oil delivery outlet located at the exterior of the
pump, and connecting said outlet with said res-
ervoir means forming a liquid return flow pas-
sageway, sald check valve system being inter-
posed between the reservoir and the outlet and
further positioned so that g portion of the piston
extends -into the pressurization chamber, all
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arranged so that liquid is forced from said res-
ervoir by action of the pneumatic medium, passes
through the check valve system while being
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pressurization chamber, is delivered to the out~
let under increased pressure, and is returned to
the reservoir by the return flow passageway after
pressurization ceases.

2. A pump comprising in combination a pneu-
matic portion, a hydraulic portion coupled to
the pneumatic portion, and a reciprocable pis-
ton centained in part within each of said por-
tions and being movable in one direction by
pneumatic pressure and in the opposite direc-
tion by mechanical means, said pneumatic por-
tion being arranged to receive a pneumatic me-
dium and having a pressure responsive valve sys-
tem which automatically directs a given quan-
tity of said medium for motivation of said piston,
said hydraulic portion having an oil reservoir
which is collapsible under action of pneumatic
medium received from the pneumatic portion, a
check valve system including a liquid pressuriza~
tion chamber, an oil delivery outlet located at
the exterior of the pump, and connecting said
cutlet with said reservoir means forming an oil
return flow passageway, said check valve system
being interposed between the reservoir and the
cutlet and further positioned so that a portion
cof the piston extends into the pressurization
chamber, said hydraulic portion being arranged
so that oil is forced from the reservoir by pneu-
magtic pressure through a first part of said check
valve system, thereafter through said pressuriza-
tion chamber where the oil is pressurized by
reciprocable action of said piston, and through
a second part of said check valve system to the
cil delivery outlet, and is returned to the reser-
voir by the return flow passageway after the cil
pressurization is stopped.

3. A pump according to claim 2, wherein said
piston movement mechanical means comprises a
pre-compressed spring.

4. A pump according to claim 3 wherein said
pheumatic portion has a throttie means operable
to initiate the operating cycle of said pump.

5. A pump according to claim 4 wherein an
oil delivery pressure release means is included in
the oil return flow passageway.

6. A pump according to claim 5 wherein said
pneumatic portion has a valve which automati-
cally releases to the atmosphere the pressure
medium acting upon the piston when the oil in
the pressurization chamber has been pressurized
a predetermined amount. ’

7. A pump according to claim 6 having means
adapted for the reception of an auxiliary reser-
voir system which automatically operates to sup-
plement the oil delivery capacity of the pump,
said auxiliary reservoir system including one or
more oil reservoirs which are collapsible under
action of pneumatic medium delivered by hose
means from the pump to thereby force oil from
the reservoirs through hose means to the hy-
draulic portion of the pump.

8. In a pump of the character described, a hy-
draulic portion comprising a reservoir having a
bag containing a liquid medium, said reservoir
being arranged for the coilapse of said bag by
pbneumatic pressure; a valve block connected to
said reservoir and containing in part a recip-
rocable piston means, a first chamber having a
first check valve, a first passageway connecting
said first chamber to an open end of said bag, a
pressurizing chamber being arranged for the
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pressurization of liquid therein by action of said
piston means, a second passageway connecting
said pressurizing chamber to said first chamber,
a second chamber having a second check valve, &
third passageway connecting said second cham-
ber to said pressurizing chamber, a liquid outlet
means, a fourth passageway at one point connect-
ing said lquid outlet means to said second cham-
ber, a third chamber having a bressure release

valve reciprocably arranged therein, and a fifth :

passageway connecting said third chamber to an
open end of said bag, said third chamber being
also connected to another point of said fourth
passageway, said first check valve being resiliently
maintainable in a first position to prevent passage
of liquid from said first passageway into said sec-
ond passageway and being hydraulically main-
tainable in a second position to allow passage of
liquid from said first passageway into said second
passageway, said second check valve being resil-
iently maintainakble in a first position to prevent
passage of liquid from said third passageway into
said fourth passageway and being hydraulically
maintainable in a second position to allow passage
of liquid from said third passageway into said
fourth passageway, said pressure release valve be-
ing maintainable in a first position to prevent
passage of liquid from said fourth passageway
into said fifth passageway and being maintain-
able in a second position to allow passage of liquid
from said fourth passageway into said fifth pas-
sageway.

9. In s pump hydraulic portion according to
claim 8, automatic means for positioning said
pressure release valve in said first and second
positions comprising a piston having a top surface
forming a wall of a chamber which is connected
to the first passageway in said valve block and
a bottom surface which abuts one end of said
pressure release valve, and a resilient means in
abutment with the bottom surface of said piston,
all so arranged that a liquid under pressure flow-
ing from said first passageway into said chamber
urges said piston in a direction to force said pres-
sure release valve into said first position, while
when said liquid is eaused to flow from said cham-
ber into said first passageway said resilient means
urges said piston in a direction to allow move-
ment of said pressure release valve into said sec-

“ond position.

© 10. In a pump hydraulic portion automatic
means according to claim 9, a piston control
means comprising a member arranged to project
into said chamber and to contact the top surface

of said piston, said member being manually ad-

justable to restrict movement of said piston to
an extent that said pressure release valve is main-
tained in said first position.

11. In a fluid pressure operated hydraulic pump
including a motor end and a pump end, a cylinder
in the motor end providing a piston chamber, a
piston reciprocating therein, means in the motor
end including a throttle valve for supplying live
air to the piston chamber to effect such reciproca~
tions, a valve block attached to the eylinder for
closing an open end of the piston chamber, an
oil reservoir attached to the opposite side of the
valve block, a high pressure outlet on said block,
a piston extension of reduced diameter projecting
forwardly into the valve block, said block having
a pressurizing chamber receiving the piston ex-
tension, said valve block having two separate pas-~
sageways between the reservoir and the outlet,
one passageway leading from the reservoir
through an inlet check valve to the pressurizing
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‘chamber thence through a discharge check valve

to the outlet, the other passageway extending
from the outlet through a pressure relief valve
back to the reservoir.

12. In a fluid pressure operated pump according
to claim 11 an arrangement whereby the pressure
relief valve is adapted to be closed when the
throttle valve is open and to be opened when the
throttle valve is closed, whereby the operator may
discontinue the pumping operation and release
the oil pressure at the same time.

13. In a fluid pressure operated pump accord-
ing to claim 11, an arrangement whereby the
throttle valve supplies live air to close the pres-
sure relief valve only as long as the throttle valve
is open and also supplies air to the reservoir for
foreing the oil into the pressurizing chamber dur-
ing the rearward stroke of the piston.

14. Tn a fluid pressure operated hydraulic pump
according to claim 11 an arrangement whereby a
pressure regulator valve is adapted to cut off the
flow of live air from the throttle valve to the
piston chamber upon development of a prede-
termined opposition to the forward stroke of the
piston.

15. A pump pneumatically operable to pres-
surize a hydraulic medium within the pump for
delivery to a device served by the pump, the pump
being arranged for the return of said medium for
storage when in non-operative condition com-
prising, a pheumatic portion including valve
means and a piston chamber, a hydraulic portion
connected to the pneumatic portion, and a piston
contained in part within each of said portions and
pneumatically movable to pressurize hydraulic
medium entrapped in a pressurizing chamber
formed in the hydraulic portion and movable in
the opposite direction by resilient means, said
pneumatic portion having a pneumatic inlet
means and passageways leading therefrom to con-
duct pneumatic medium to the exterior of a col~
lapsible reservoir located within the hydraulic
portion and containing hydraulic medium and to
the valve means, said valve means arranged to
admit pneumatic medium to the piston chamber
containing part of the piston whereby the piston
is moved to pressurize the hydraulic medium and
further arranged to release pneumatic medium
from the piston chamber so that the piston can
be moved by the resilient means, said valve means
including a pressure regulating valve which cuts
off delivery of pneumatic medium to the piston
chamber when a predetermined hydraulic pres-
surization is realized, said hydraulic portion in-
cluding a hydraulic medium delivery means and
valves to maintain pressurized hydraulic medium
within the delivery means and further to allow
return of the hydraulic medium to the reservoir
when the pump is in non-operative condition.

16. A pump comprising a pneumatic portion in-
cluding a main chamber and pneumatic valve
means, & hydraulic portion coupled to the pneu~
matic portion and including an oil reservoir, an
oil pressurizing chamber, an oil outlet, and check
valve means, piston means slidably arranged in
the main chamber and including a ram which ex~
tends into the pressurizing chamber, a passage-
way arrangement for conducting pnreumatic
medium to the pneumatic valve means and to the
oil reservoir, said hydraulic portion having a pas-
sageway connecting the reservoir to the pressur-
izing chamber via a check valve and a passageway
connecting the pressurizing chamber to the oil
outlet via a check valve, said check valves ar-
ranged for the one way flow of oil from the reser-
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voir, through the pressurizing chamber and to
the oil outlet, oil hose delivery means connected
to the oil outlet for attachment to a device served
by the pump, said pneumatic valve means
adapted to automatically admit pneumatic medi-
um to the main chamber to move the piston
means whereby oil is forced from the pressurizing
chamber under increased pressure, and further
adapted to cut off flow of pneumatic medium to
the main chamber when the pressurization of oil
attains a predetermined value, and oil pressure
valve means in the hydraulic portion arranged to
maintain oil pressure in the oil hose delivery
means after cessation of piston movement and
further arranged to release the oil pressure and
allow return of oil to the reservoir when the pump
is in non-operative condition.
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