© B. N. ASHTON | . 2,444,550

 HYDRAULIC POWER PACK UNIT

July 6, 1948,

2 Sheets—Sheet 1‘

a

nw\/dmm:ﬂrm‘\ NN TR . . e
um“”WWMm\\\\\Vﬁﬂmwfﬂ/ybﬂr 9E (¥ 0F ET gr A o7 |
P \\V ?gé?vazrffé - AR Z.
| -,\L.N | S | / 49 o \ 9

Y/
i

FiledIMay 20, 1944

. “_ﬁ@ 20 96 N N AT A D " i _

% “ ﬁ//«.. TS SIHIIEITTRRTITTTIERTTRIRIITIRC TS N —?////

N N7% \\\%\\\.\\ﬁ\\\\\\\\\\\\\\\\\\\&\\\\\\%\\\%ﬁy - N |
km\”WM\ IS\ || [ - B ..,\._\\\ S _ - | l
B> NI 2722772727277 227 777 T )

._ _ ... mw.. .._.,.. ., -
- S5 2,0 s o
L2\ (95552, A /s

re—s i

N
¥
\q

INVENTOR.

[ DTENTAMP A ASKH 7ON

' By, ,

|

K o AN ﬁ%\\k\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ\\\\\\\\\\\\\\\\\\\\\\ =)

- ACATTORNE VS

A
_____.__.__...___....._ . h 7y %‘“J i .
XSSTINRI RN AW OV ANNRNV NN S

77,

/

7

‘ . )
.WE Yl... — == SN 3§ AR A l |
Rl e = N
. - L . | . 4 | . - 3 ' .
...m 7 Y -4 24 ) 4 __/}_7 > R -
Y A . /7

N

T T e et N\ ¥
- MG 7 e SN NN
AN . =4 KRR .
TS A EeE (P o o BB I N |

izar A R R E
Iilmm S ar Ml EERAR 2
NEERErr® e SINE N SN &t
s D NN S SSNSNSNNEZ2
A1 w&«. \RZIL7RYR% ,...” |
_ ume&NmﬁmmmmMWMWW¢s_ ww"
= NN all ¢

AT

L

v \ »fr VS <}
_ 7. 1@




July 6, 1948. - B N. ASHTON - 2,444,550 B
' HYDRAULIC POWER PACK UNIT R

Filed May 20, 1944 I . . 2 Sheets-Sheet 2

m
2 P 7

N
NN N N N N N NN N S e )

— ey N e LLLE TN EY :
I~ ) ’llf-:"///ﬁ!? -
N 7 DSOS e ®d, 2
il Lobdinbinbandirtododel L L bk r.rlJlJ byl ﬂ bl IIIIIIIIIIIAE%& %‘:; ' 4
227/ 4277 430 4| 72 e= *“//// .
(24 4 /36 SN g{{({l’/ 7Y,
() NS

94 | 4
AT

' - 95 B
- ER9Z o VAL, W '
| | INVENTOR.

. - Bewaasmw N Ask 7o

Vo ATTORNE VS

r
]




by a minimum amount of conduit to
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 HYDRAULIC POWER PACK UNIT

Benjamin' N. Ashton, Kingston, N. Y., assignor to o
- Electrol Incorporated, Kingston, N, Y., a cor-
~ poration of Delaware | |

~ Application May 20, 1944, Serial No. 536,492

B | |
This invention relates

- units and relates particularly to liquid pump and
accumulator units for use in supplying liquid
under pressure to hydraulic systems,

The hydraulic systems now commonly in use

for actuating the landing gear, wing flaps, cow!l
flaps and the like of airplanes are complex con-

to hydraulic power pack

.8 Claims. (Cl. 103—-223)

's0 arranged that the motor can be disposed whony

within the accumulator,  except for the drive

- shaft, together with relief valve and pressure

=t

structions requiring large amounts of conduit

for delivering the liquid under pressure to the
hydraulic cylinders or motors that are used for
actuating the flaps and landing gear. Usually,
the pressure liquid is supplied by a pump con-

10

nected directly to the airplane engine and this

pump is connected in turn by a long conduit to
an accumulator for recelving the liquid under
pressure and maintaining g head of liquid in

the system. The conduits lead back from the ac-

cumulator, which is usually remote from the
- pump, to the various selector valves in or adja-
cent, to the cockpit and thence to the various

hydraulic motors or cylinders which are likewise
~ disposed at
the airplane. |

points remote from the cockpit of

~ having one end closed by a plate {2 which may be
_fﬂrmEd integrally therewith or We]_ded tO the en d o

A great deal of weight would be saved; installa- |

tion costs decreased, and danger of damage to

25

the system by gun fire or cther causes would be

reduced if the pump, accumulator and other op-
erating elements of the system were combined
- in a relatively compact unit. - .

Accordingly, an object of the present invention

30

~is to provide a small and compact power unit

including a pump and an accumulator for sup-

 plying lquid under pressure within a predeter-

- mined operating range. -
- Another object of the invention is to provide
& compact hydraulic power supply unit including
a pump and an accumulator that are connected

- easlly installed and replaced construction.

‘Other objects of the invention will become ap-

parent from the following description of a typi-
‘cal form of device embodying the present inven-
tion. o

In a.écordanée' 'wi"th the ,preseﬁt“" invention, I

B have provided an hydraulic power supply unit _

- Including an accumulator in which is telescopi-

35

form an

_ 3—3 of Figure 2.

‘The form of power unit chosen to illustrate the“ -
- present invention includes an .accumulator 10

40 With an annular groove 22 encircling

regulating mechanisms whereby the power unit B
Includes substantially all of the elements required
to supply liquid to the hydraulic system. |
For a better understanding of the present in-
vention, reference may be had to the accompany-
ing drawings in which:- R
Figure 1 is a view in longitudinal section of
a typical form of power unit embodying the pres-
ent invention; . S
~ Figure 2 is a view in cross-section taken on line.
2—2 of Figure 1; and = . .
Figure 3 is a view in cross-section taken on line

of the type disclosed in my Patent No. 2,365,994
which includes a generally cylindrical casing 1

of the casing 11, as illustrated. Within the cas-
ing Il is disposed a cylindrical sleeve 13 having
an enlarged externally threaded end portion 4 .
that is screwed into the end of the casing 11 and
secured thereto. The end of the sleeve 13 is pro-
vided with a disc-like closure 5 having a cen-
trally located port 18 therein and is provided:
with a threaded flange {7 that is screwed into

‘the left-hand end of the sleeve 13. Adjacent por-
tions of the sleeve 13 and the closure member

IS are provided with opposed grooves forming a
cavity 18 for receiving a rubbery sealing ring 9.
The end closure member 15 is also provided with

& raised portion 20 having a substantially flat sur-

face 21 forming the seat for a valve member later
to be described. The flat surface is provided

| the port 16
for reception of a rubbery ring 23. |

-~ Between the sleeve 13 and the casing 14 ls_-'di's-_ -

- bosed & flexible corrugated metallic bellows 24
~ having a cylindrical end portion 25 and a flared

45

cally recetved & pump for supplying liquid under

-~ bressure to the accumulator and also to the con-
- duits for actuating the various hydraulic motors

© .of an airplane, - = . -

.- More particularly, I have utilized an accumula-

- tor of the type disclosed in my Patent No. 2,365,-
- 994, December 26, 1944, in conjunction with a pis-

50

 ton type pump of the type disclosed in my Patent

~ No. 2,405,006, July 30, 1946, these elements being

bb

portion 26. The cylindrical portion 25 and the

flared portion 26 are clamped between comple-

mentally shaped surface portions 27 on the sleeve
member 13 and a complementally shaped portion
28 on a ring member 29 that is interposed be-

tween a portion of the sleeve 13 and the casing 1.

The ring member 29 is retained against axial
movement to the left by means of a-shoulder 30
formed in the interior of the casing 11 and is

connected to the sleeve 13 by suitable threaded
‘portions 3l. By screwing the ‘sleeve tightly
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3
against the ring member 38, the right-hand end
- of the hellows is firmly retained.

In order to prevent leakage between the sleeve
i3, the ring 29 and the casing i1, the sleeve 3
may be provided with a peripheral groove 32 for
receiving a sealing ring 33 and the ring may be
provided with an internal groove 34 and an ex-
ternal groove 3% for receiving sealing rings 35 and

31, respectively.
The left-hand end of the hellows 24 is provided

with a rigid disc-like end plate 38 which upon

contraction of the bellows 24 engages the sealing
ring 23 and the valve seat 21 to trap liquid be-
tween the bellows and the sieeve I3 and thereby

prevent collapse of the bellows 24 hy air pressure

 between the bellows and the casing {1{.
Air may be introduced into the casing {{
| through an air check valve 39.

The internal sleeve {3 receives telescopically
a piston type of pump 48 of the type disclosed
generally in my Patent No. 2,405,005. The pump
40 is provided with a generally cylindrical body
portion 41 (Figure 2) having three enlargements
42 43 and 44 extending longitudinally thereof.
The enlargement 42 is bored axially to form an
intake conduit 45 and is provided with an inter-
secting laterally extending bore 46 which is in-
ternally threaded to receive a fitting on a con-
duit (not shown). The outer end of the bore 46
may be. closed by a suitable threaded plug 41
sealed thereto by a sealing ring 48.

The bore &4 is similarly provided with a longi-

tudinally extending bore 49 and an intersecting

lateral bore 50 which is internally threaded to re-
celve a coupling on the end of a discharge con-
duit (not shown). The cylindrical pump body &1
is retained in position by means of & cylindrical
flange 52 on an annular base plate 33 that is se-
cured to the pump body and to the sleeve 13 of the
accumulator by means of a plurality of bolts 54
disposed around its periphery.

The cylinder block 51 is provided with a plu-
" rality of cylinders 55 extending parallel to the
axis of the block and arranged in a circle around
the axis of the block. The block is provided with
a peripheral groove 56 which intersects the cyl-

inders 55 at a point about midway of their length

and communicates through an opening 5§71 with

4 |
discharged dlrectly to the hydraulic system con-
nected with the bores 48 and 50. -

The end member 68 of the pump housing 41 is

" provided with an ‘annular flange 710 which fits

10

18

‘within a cylindrical recess 11 extending axially

of the cylinder block 80. The cylinder block is
provided with an annular projecting flange 712
which maintains the cylinder block 51 in proper
spaced relationship to the end 68 of the casing.

The flange 18 terminates short of the bottom
of the recess T{, thereby leaving space for & pis-
ton 13 which has & piston rod 14 slidably re-
ceived in another inner . concentric flange 6
fixed to the end 68 of the casing. A spring 135a
is recelved in the annular space between the
flanges 10 and 15 and bears agsainst the piston 13,
urging it to the right. The piston is provided
with a peripheral groove 18 for recelving a seal-

. ing ring 171 for cooperation with the wall of the

20

cavity 7. The piston rod 14 is also provided with
g sealing ring 18 cooperating with the inner sur-
face of the flange 15 and is further provided

 with a bore 19 that opens to the recess 11 at the

25

- ¢ylinder block B0.

right-hand side of the piston 73. Another plston
rod 80 is secured to the right-hand side of the
piston 73 and extends through a bore 81 in the
The piston rod 80 may he

sealéd to the bore by means of a sealing ring 82.

30

3D

A ball member 83 is secured to the right-hand
end of the piston rod 80 and acts as a support for
8 ‘wobble plate 84 for driving the pistons. The
wobble plate 84 may consist of a two-element
construction, one of which is a flanged disc 85
having g semi-spherical inner surface 86 and in-
ternal threads 871 for receiving an eXxternally
threaded collar 83 having a semi-spherical inner
surface 89. The wobble plate 84 is provided with

- radially extending pins 80 having ball-like outer

40

ends 91 that are received in transverse bores 92
in the reduced end portions 93 of the pistons §8.
. The wobble plate 84 is driven by means of a
driveshaft 94 that may be connected to a motor
or an airplane engine and is rotatably mounfed

| “in an anti-friction bearing 85 that is secured in

45

the inlet bore 45 so that liquid can be drawn into

the cylinders 55 by the cylindrical pistons 58 that_

are slidably received in the cylinders §8.

&0

At the inner end of each cylinder 55 is mounted

a check valve 59 which includes an annular seat

sleeve 60 that is threaded into the end of the cyl-
inder and sealed thereto by means of & sealing
ring 61. The end face 62 of the sleeve 60 is some-
what enlarged and is provided with an annular

- groove 63 for receiving a sealing ring. 64 formed

of rubbery material. The seat cooperates with a

valve plug in the form of a plate member 635 hav-

ing reversely turned flanges or lugs 66 thereon
which retain and guide a coil spring 61 that bears
against the end closure 68 of the cylindrical body
portion 41,

~ As the pistons 58 are ret.racted in the cylinders
55, a reduced pressure is created that draws liquid
into the cylinder through the port 57 and the
groove 56. Upon forward movement of the pis-
ton, the liquid is forced through the valve seat
sleeve 60, thereby displacing the valve plug 635
and forcing the liquid into a generally -annular
chamber 69 between the end member 68 of the
valve housing and the cylinder block 5f. This
chamber 69 communicates directly with the dis-
charge bore 49 so that the liquld pumped can be

the annular plate §3. The shaft 94 is provided
with a disc-like counter-balancing member 96
having an inclined annular flange 971 disposed

in a cut-away portion 88 of the counter-balance

member 96. The flange 97 is disposed eccen-
trically to the axis of the shaft 94 and is so In-
clined that its axis intersects the center of the
ball 83 in the position shown in Figure 1. . The

- flange 971 carries a roller thrust bearing 98, the

outer race of which bears against the flange on
the wobble plate 84 and upon rotation causes a

nutating movement of the wobble plate 84 with

- consequent successive reciprocation of the pis-

tons. . The bearing 98 may be retained on the
flange 97 by mesans of a flanged, cup-shaped
member {00 secured within the flange 97 and

~ overlying the inner race of the bearing §89.

10

76

As described above, the pump 40 delivers lig-
uid through the discharge part §80. The chamber
68 in which the pressure fluid is received {rom

‘the cylinders is so connected to the interior of

the sleeve I3 and the interior of the bellows 24
through the port 16 by means of a port 101,
Upon operation of the pump, pressure will be
built up in the conduits of the hydraulic system
and also in the sccumulator bellows 24, thereby
expanding it and storing liquid and liquid pres-
sure for utilization in the system. In order to
limit the pressure developed in the system, the
pump is provided with a pressure unloading sys-
tem now to be described. The pressure unload-
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 ing device includes a 'transverse bore (02 in the

left-hand end of the pump housing which com- -

municates with the chamber 69 by means of the
passageways 103 and 104. Adjacent the inner

end of the bore 102 is mounted an annular valve

-seat 105 having a central passage 108 defining
a seat for the ball valve 101,

Encircling the mid-portion of the ball is an
~annular spacer ring 108 which is provided with
a transverse port (09 communicating with a
peripheral groove |10 that communicates through
a passage |{{ with the interior of the sleeve 75.
Supported on the spacer ring (08 is a sleeve 112
having a seat 113 therein for the ball 107, the
- seat 113 being somewhat larger in diameter than
the seat in the lower member 105. The member
106 and the sleeve 112 have their peripheries
sealed to the walls of the bore {02 by suitable
sealing rings. | |

The elements 108§, 108 and 112 are maintained
in fixed relationship by means of g sleeve 1§14
threaded into the bore 102 and further en-
gaged by an outer lock sleeve
outer lock sleeve 156 is provided with a
ring seal 146 and a central aperture for receiv-
ing a plunger (1T that bears against the ball
107 and forces it toward the ring 105. The up-
per end of a spring (I8 encircling the rod {7
bears against a washer I19 that engages a seal-
ing ring 120 and prevents leakage around the
plunger. The opposite end of the spring ({8
engages a flange {21 on the rod. |

The sleeve 1 14 is provided with a port (22 which

communicates with another port {23 communi-

cating with the intake side of the cylinders at -

the groove 56. | . ..

The above-defined unloader construction oper-
ates in the following manner. As the pistons of
the pump deliver fluid into the chamber 88 and
the pressure increases, the pressure on the ball
valve 10T increases correspondingly. . At a pre-
determined maximum pressure, determined by
the strength of the spring {18 and the diameter
of the port 106, the ball is displaced upwardly,
. thereby permitting liquid to flow through . the
passages 103, 104 and the port {06, the passages

(09, 111, through the bore 19 in the piston rod 74

to the right-hand side of the piston 13. The pres-
sure of the liquid on the piston displaces it to
- the left, thereby carrying with it the wobble plate
84 and displacing all of the pistons 58 to the left.
'This disconnects the wobble plate 84 from the
driveshaft 94 and pumping is discontinued until
operation of an element connected with the pump
or leakage in the system reduces the pressure to
@ predetermined minimum, The accumulator {0,
of course, tends to maintain the pressure constant

 over extended periods of time and supplies addi-

tional fluid when the pump is not working.
The pressure at which the pump again goes

~ into operation is determined by the area of the

2,444,550
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above, the system may be provided with a relief

- valve construction,.best shown in Figure 3. The
- rellef valve is mounted in a bore 24 extending

aXlally of the enlargement 43 and has its outer
end sealed by means of a suitable sealing plug
128. The bore 124 communicates with g trans-
verse bore 126 which is connected to a suitable re- -

- lef conduit, not shown. .The inner end of the

10

16

bore 124 communicates with the chamber 69. The

bore 124 is provided with a shoulder 127 against
which bears a ring valve seat 128 sealed to the
bore wall by means of a sealing ring 129. A valve
plug 130 cooperates with the seat ring 128 and
has a conical valve element 1381 thereon and a

cylindrical body portion (32 for guiding the valve
In a sleeve 133 threaded into the bore 124.

The valve (30 is urged toward the seat 128 by

: means of a compression spring i34 that engages

20

{16, The

26

tered thereon,

a sleeve 136 threaded into the outer end of the

sleeve (33. The valve 130 may also be provided

with a stem 136 for maintaining the spring cen-.
If, through any failure of the
elements of controlling the pressures delivered
by the pump to. the system and the accumulator,
excessive pressure should develop. the valve plug

- 131 will be displaced from the seat ring 128 and

30
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allow the liquid to be discharged through suitable
passages 1371 in the cylindrical portion 132
The above-described construction can be made
of any size suitable for the requirements of the
hydraulic system and because of 1ts telescopic
relationship can be made much more compact
than prior pump ‘and accumulator devices. |
The device has many advantages, including
ease of installation, compactness and reduction
of the number and length of conduits in the sys-

‘tem. Thus, the whole unit may be positioned

- closely adjacent to the selector valves of the hy- "
~ draulic system which then need only be connected -

40

by conduits of suitable length to the hydraulic
motors for actuating the elements of an aircraft.

It will be understood that the device is sus-
ceptible to considerable modification in the de-

~ talls of the accumulator bellows, the arrangement

45

50

55

a0

ball valve {07 in contact with seat 113. Inas-

. Imuch as the seat 113 is larger than the port 106,

the pressure must drop below the maximum pres-
sure before the spring (18 can displace the ball
- downwardly. When this occurs, the spring 184

- urges the piston 13 to the right and the liquid
- Hows through the bore 79 in the piston rod 14,
the passage 11l, the passage 109 through the
now open seat 113 and out through the ports 122

and tye of pump used therein and, therefore, the

- form of the invention described above should be

considered illustrative and not as limiting the
scope of the following claims. ’
Iclaim:

1. A hydraulic power supply unit, comprising
& pair cf telescopically related cylindrical casings -
Joined at one end and otherwise spaced apart to
provide a pressure chamber, an expansible me-

tallic bellows interposed between sald casings
forming with the inner casing an accumulator

chamber for receiving liquid under pressure, g

pump mounted within sald inner casing and hav- -

ing an inlet and a discharge outlet for high pres-

sure liquid, and by-pass means connecting said
outlet to said accumulator chamber to supply
liquid to the latter to expand sald bellows and
accumulate a reserve supply of liquid under pres-

65

an accumulator having an outer sealed casing,

- an inner hollow casing and an expansible metallic

70

~and (23 to the intake side of the pump. . Thig

movement of the piston to the right re-engages

the wobble plate 84 with the drive mechanism o

and sets the pump into operation.

-In addition to the construction descrlbed'

75

‘bellows interposed between sald casings and -

dividing the space therebetween into an outer

gas-recelving chamber and an inner liquid-

recelving chamber, g pump movnted within said

Inner hollow casing and having an inlet for liquid

and an outlet for supplying liquid under pres-
sure to a hydraulic system, by-pass means for
delivering liquid under pressure to said liquid-
recelving chamber, and means within sald inner

2. A hydraulic poﬁrer' supply unjt,' comprising
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casing responsive to liquid pressure in said outlet
for renderng said pump inoperative to supply
liquid when the liquid pressure atfains a pre-
determined. maximum and for rendering said
pump operative when the liquid pressure drops
to a predetermined lower presstire.

3. A hydraulic power supply unit, compﬂsing
an outer cylindrical casing, a shorter hollow

inner cylindrical casing telescoped within said

outer casing, joined thereto at one end and other-

2,444,560
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wise spaced therefrom to form a chamber between -

the ends of said casings and an annular space
hetween the sides of said casings, an expansible
metallic bellows disposed in said chamber and

~ space and enclosing said inner casing, a piston-

type pump mounted inside said inner casing and.

having a liquid inlet, a discharge outlet, & plurality
of pistons for drawing liquid through said inlet

| - - 8

ber, a rellef port in said pump, and valve means
in said rellef port for discharging liquid from
said lHquid-receiving chamber when the liquid
pressure exceeds a predetermined maximum.

7. A hydraulic pressure supply unit, compris-
ing a piston-type pump having a casing, inlet
and discharge passages In sald casing, piston-
type pumping elements mounted in said casing
for drawing Hquid through sald inlet passage
and discharging it through sald discharge pas-
sage, & hollow, substantially cylindrical inner
casing enclosing and secured to said pump casing .
at one end and having a closure provided with =

port at its other end, a substantially cylindrical
15

outer casing enclosing sald inner casing, sealed

; thereto at one end and otherwise spaced from

and discharging it under pressure through sald

outlet, disconnectible drive means for actuating

said pistons, means for by-passing lHquid from

said pump to the interior of said bellows, and
means responsive to liquid pressure at said cutlet
for connecting and disconnecting said drive

means at predetermined minimum a.nd maximum -

pressures, respectively

4. A hydraulic power supply unit, compris-
ing an accumulator having an outer casing, an
inner casing telescoped within said outer casing,
an expansible partition between said casings and

outer casing and said partition and a liquid-
receiving chamber between said partition and
“said inner casing, a pump mounted within said
inner casing having an inlet and an outlet, dis-
connectible drive means for said pump, means
connecting said outlet to said liquid-receiving
chamber, and means responsive to liquid pres-
sure in said outlet for connecting and disconnect-
. ing said drive means at predetermined minimum
and maximum liquid pressures, respectively.-
5. A hydrsulic power supply unit, comprising
an accumulstor having an outer casing, an inner
casing telescoped within said outer casing, an
expansible partition between said casings and

outer casing and said pertition and a liquid-
receiving chamber between said partition and
sad inner casing, a pump mounted within said
inner casing having an inlet and an outlet, and

means connecting said outlet to sald liquid-

receiving chamber., -

6. A hydraulic power supply unit, comprising
an accumulator having an outer casing, an inner
casing telescoped within sald outer casing,
expansible partition between sald casings and
having a gas-receiving chamber between said
- outer casing and sald. partition and a liquid-
receiving chamber between said partition and said
inner casing, a pump mounted within said inner
casing having an inlet and an outlet, discon-

said inner casing, the opposite end of said outer
casing being closed, a cup-shaped expansible

" metallic bellows interposed between sald outer

and inner casings, enclosing the latter and seal-
ing said inner casing from said outer casing, and
bypass means connecting said outlet passage to
said port to allow liquid to flow into and out of

sald bellows.

8. A hydraulic pressure supply unit, compris-
ing a piston-type pump having a casing, inlet and
discharge passages in sald casing, pumping ele-
ments mounted in said casing for drawing liquid
through sald inlet passage and discharging it

qg9 through said discharge passage, a hollow, sub-
‘forming a gas-receiving chamber between said

30

stantially cylindrical inner casing enclosing and
secured to sald pump casing at one end and
having a closure provided with a port at its

other end, a substantially eylindrical outer cas-

ing enclosing said inner casing, sealed thereto
at one end and otherwise spaced from said inner
casing, the opposite end of sald outer casing being
closed, a cup-shaped expansible metallic bellows

~ interposed between sald outer and inner casings,

40 '

45
forming a gas-receiving chamber between said -

an 55

HE

nectible drive means for said pump, means con-

necting said outlet to said liqul.d«_-réceiving cham-

enclosing the latter and sealing said inner casing
from said outer casing, means responsive to
liquid pressure in sald discharge passage for
meaintaining the pressure therein within a pre-
determined pressure range, and by-pass means
connecting said outlet passage to said port to
allow liquid to flow into and out of said bellows.

- - BENJAMIN N. ASHTON.
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