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This invention relates to vacuum pumps
and has for its object the production of a
rotary pump of this character which will
be simple and inexpensive to construet and
very effectual in operation.

This object is attained by the mechanism
llustrated in the accompanying drawings.

For the purpose of illustrating the inven-
tion, one preferred form thereof is illus-
trated in the drawings, this form having
been found to give satisfactory and reliable
results, although it is to be understood that
the various instrumentalities of which the
invention consists can be variously arranged
and organized, and the invention is not
limited to the precise arrangement and or-
ganization of these instrumentalities as
herein shown and described except as re-
quired by the scope of the appended claims.

Ot the drawings:

Iligure 1 represents a vertical section of
a pump embodying the principles of the
present invention, the cutting plane being
on line 1, 1, on Fig. 2.

Iigure 2 represents a transverse vertical
section of same on line 2, 2, on Fig. 1.

Figure 3 represents a section on line 3, 3,
on Ifig. 2.

Figure 4 represents a section on line 4, 4,
on Iig. 1.

Figure 5 represents a plan of a portion
of the casing showing the discharge open-
ings. '

Figure 6 represents a diagram showing
the position of the piston and blade when gas
is about to be admitted to the piston cham-
ber, and ‘

Kigure 7 represents a similar diagram
showing the same elements when admission
of gas has just been completed.

Similar characters indicate like parts
throughout the several figures of the draw-
ings.

In the drawings, 10 is a casing having ex-
tending laterally therethrough a cylindrical
chamber 11 and a compartment 12 located
above the chamber 11 and communicating
therewith by means of a semi-cylindrical
passage 13.

The casing 10 has secuved to its opposite
endds closing plates 14, 15 each of which is
provided with anti-friction beavings 16 in
which is disposed a rotatable shaft 17, one
end of which bears against an inner wall
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of the closing plate 14, while the opposite
end extends through a stuffing box 18 on the
closing plate 15, :

An inlet pipe 19 communicates with the
upper end ot the compartment 12.

The shaft 17 extends through the center
of the chamber 11 and has keyed thereto
a cam member 20 which is smrounded by an
annular piston 21 having a laterally extend-
ing blade 22 which extends through a slot
formed in an oscillating pin 238 disposed in
and fitting the passage 13.

The shaft 17 extends through the cam
member 20 at one side of its center forming
an eccentric, thereby causing the piston 21
to contact at one point with the cylindrical
wall of the chamber 11 during the entire
rotation of the shaft 17.

The blade 22 has two pockets 24 extending
inwardly from is outer end, one wall 25 of
which is provided with the oppositely in-
clined ports 26 through which gas is ad-
mitted to the chamber 11 from compartment
12 at stated times during the rotation of the
shaft 17.

The lower ends of the ports 26 are con-
siderably removed from the periphery of the
piston so that during a part of the revolution
of the piston 21 the s2id ports 26 are closed
and no gas can pass through the same.

The slotted blade-receiving pin 23 extends
beyond the ends of the casing 10 with cylin-
drical ends 27 disposed in cylindrical recesses
28 formed in the end closing plates 14, 15.

This pin 23 is made in two parts abutting
at 29, said parts being connected together
by the headed rods 30 extending from end
to end thereof.

The lower side of the pin 23 has a flat
Tace as indicated at 31.

The cam member 20 is preferably cored
out with openings at the ends in which are
disposed closing plugs 32.

Closely adjacent one side of the passage
13 on the discharge side of the pump, the
casing 10 is provided with a plurality of
discharge ports 83 extending into a pocket
34, the opposite ends of which have narrow
extensions 35 in which are positioned the
opposite ends of the valve 36 of thin spring
metal.

This valve 36 normally closes the ports
33 and has superimposed thereon a follower
37 forced downwardly by a spring 88, the
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curved upper portions of which hear against
a rib 39 forming a part of the discharge
nozzle 40,

As will be noted in Fig. 1 this rib 39 is
narrower than the passage 41 extending
from the bottom of said nozzle.

The lower face of the follower 37 has a
plurality of cross ribs 42 which bear on the
valve 36 leaving space between these ribs
through which the gas may freely pass.

The shaft 17 is lubricated by oil admitted
through a pipe 43 communicating with a
passage 44 in the hub 45 of the end plate
15, the inner end of said passage cominuni-
cating with an annular recess 46 surround-
ing the shaft 17.

From the passage 44 extends a branch
passage 47 to one of the anti-friction bear-
ings 16 and the flow of oil through this
branch passage 47 is regulated by a needic
valve 48,

The outer ends of the piston 21 have re-
cesses 49 therein which communicate with
oil passages 50 extending along the ends of
the blade 22 and these recesses zre connected
by a groove 51 in the inner cylindrical wall
of the piston 21. :

The oil admitted through the branch pas-
sage 47 enters all these recesses and grooves
and not only thoroughly lubricates the mov-
ing parts of the pump but also makes a
perfect seal preventing the escape of gas.

The slotted pin 23 has oil grooves 52 upon
opposite sides and extending Iengthiwise
thereof to assist in lubricating the contact-
ing surfaces of said pin and the passage 13
in which said pin is positioned.

During the operation of the pump the
shaft 17 rotates in the direction of arrow «
on Fig. 1 and when the piston 21 is in the
position shown in said Fig. 1 both the inlet
26 and outlet 33 from the chamber il ave
closed,

As the piston 21 commences to revolve in
dirvection of arrow « all gas in advance of
said_piston will be forced toward the outlet
ports 33 and through said ports into the
discharge nozzle 40.

During this forward movement the blade
92 will commence to tilt, moving the slotted

U

. pin 28 about its axis and as the piston con-
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* piston reaches the position shown in Fig.

tinues to move forward said biade 22 wiil
commence to move downwardly until the
6
in which position the lower end of the ports
26 will register with the flat face 31 of the
slotted pin 23. :

Further rotation of the piston will un-
eover the ports 26 and permit gos to be
drawn from the pockets 24 into the chamber
11 ‘where it will be forced ahead -of the
piston to the discharge outlet ports 33, in
the next cyele of the piston.

The ports 26 will remain open until the
piston 21 reaches the position indicated in
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Tig. 7 when the ports 26 will be closed and
remain closed until the piston again reaches
the position indicated in Fig. 6. ‘
~ While the contacting point of the piston
21 is travelling from & (Lig. 7) to ¢ (Fig. 6)

" the supply of gas to the chamber 11 is en-

tively cut off and as the piston continues to
rotate in the direction of arrow g the gas
in advance of said piston 21 will be com-
pressed, this increased pressure forcing the
valve plate 36 from its seat and permitting
the gzs to be discharged through the open-
ings 33 into the pocket 34 and then through
the outlet 40.

When the last of the gas in advance of
the piston is about to be forced through the
openings 33, the ports 26 will be closed and
no new supply of gas will be admitted until
the piston attaing the position indicated in
Fig. 6.

The ports 26 are made inclined in order
to provide a better bearing surface on the
port side wall of the blade 22 as it recipro-
cates in the slot in the oscillating pin 23.

The piston 21 is chambered ount at 54 as
indicated in Fig. 2 and has bearing portions
53 at irs opposite ends and the grooves 51
extend transversely of these bearing por-
tions 55.

The cam 20 is slightly shorter than the
space between the inner faces of the end
plates 14, 15 and consequently the Iubricant
admitted through the passage 47 forms a
film at each end of the cam 20, said lubri-
cant passing from) one end to. the other
through the grooves 51.

This film of lubricant also enters the
recesses 49 in the ends of the piston 21 and
flows into the oil grooves 50 at the opposite
ends of the blade 22.

The grooves 50 do not extend to the outer
end of the blade 22 and therefore the oil
in these grooves cannot escape therefrom.

It is chvious, therefore, that all the mov-
ing parts of the pump will be thoroughly
Iubricated by the lubricant adinitted through
the passage 47 and the amount of oil or
Iubricant can be regulated by means of the
needle valve 48, S

To the outlet side of the casing 10 is
secured a housing 56 having a chamber 57
therein communicating with the main cham-
ber 11 by a cone-ghaped opening 58 to which
the valve 59 is fitted. - ,

The valve 59 has a stem 60, the end of
which extends into a cylindrical pocket 61
which cerves as a guide for said stem 60
when the valve 59 is forced from its seat.

A spring 62 normally retains the valve
on its-seat and may be compressed when the
pressure of gas within the main chamber 11
reaches a predetermined lmit.

At any lower pressure the opening 58 is
closed and there is no escape for the gas
therethrough.
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From the housing 56 extends a pipe 63,
the other end of which communicates with
the compartment 12.

The object of this by-pass 63 is to make
the pump run more easily when it is first
operated thereby greatly reducing the
power required of the motor which actuates
the driving shaft 17.

When the pump is first actuated the
chamber 11 is filled with gas under atmos-
pheric pressure and this pressure offers con-
siderable resistance to the rotation of the
piston 21.

By providing the by-pass 63 this gas in
advance of the rotating piston will pass
through the by-pass into the compartment
12 until the contacting point on the piston
passes the opening 58 froimn which point the
gas in advance of the piston will be forced
from the chamber 11 through the openings
33, the spring 38 yielding sufficiently to per-
mit free discharge of the gas.

As only a portion of the gas in the cham-
ber passes through the pipe 63 and the re-
mainder passes through the discharge open-
ings 33 and escapes, the pressure in the
chamber 11 will be gradually decreased to
a point where it will be insufficient to move
the valve 59 from its seat.

When this limit has been reached the gas
remaining in the chamber will all be dis-
charged through the openings 33 until a
perfect vacunm is created in the chamber
11, and at this time very little power is re-
quired to rotate the piston 21, as there re-
mains in the chamber no gas to retard its
movement.

When the gas escapes through the open-
ings 83 with some little pressure the valve
36 may be lifted from its seat above the
openings 83, but when this pressure de-
creases so that it is insufficient to offset the
tension of spring 38, the pressure will cause
the thin flexible valve 36 to curve slightly
between the ribs 42 and pass noiselessly
into the pocket 84 and thence through the
outlet 40, 41.

This makes a most effective vacuum pump
which will be noiseless in operation and
which requires very little power to actuate
it.

It is believed that the operation and many
advantages of the invention will be under-
stood without further description.

Having thus deseribed my invention, I
claim:

1. In a device of the class described, a
piston rotatable in a cylindrical chamber
with one point thereof always in contact with
the wall of said chamber, said chamber hav-
ing an outlet therefrom open to atmosphere
at its outer end and said piston having a
radial blade extending therefrom with an in-
let passage therein terminating in a port in a
side wall of said blade farthest from said

2

outlet and spaced from the periphery of
sald piston; and an oscillating pin having
a transverse slot through which said blade
extends, one wall of said slot closing said
port until the contacting point of said pis-
ton in its rotation has advanced considerably
beyond said slotted pin and said oscillaf-
ing pin being at one side of and slightly
removed from said outlet. :

2. In a device of the class described, a
piston rotatable in a cylindrical chamber
with one point thereot always in contact
with the wall of said chamber, said chambey
having an outlet therefrom open to atmos-
phere at its outer end and said piston having
a radial blade extending therefrom with an
inlet passage therein terminating in a port
in a side wall of said blade farthest from
said outlet and spaced from the periphery
of said piston; an oscillating pin having a
transverse slot through which said blade ex-
tends, one wall of said slot closing said port
until the centacting point of said piston in
its rotation has advanced considerably be-
yond said slotted pin and said cscillating
pin being at one side of and slightly removed
from said outlet; and an automatic valve
for closing said outlet.,

3. In a device of the class deseribed, a
piston rotatable in a cylindrical chamber
with one point thereot always in contact
with the wall of said chamber, said chamber
having an outlet therefrom open to atmos-
phere at its outer end and said piston hav-
mg a radial blade extending therefrom with
an inlet passage therein terminating in a
port in a side wall of said blade farthest
trom said outlet and spaced from the periph-
ery of said piston; an oscillating pin having
a transverse slot through which said blade
extends, one wall of said slot closing said
port until the contacting point of said pis-
ton in its rotation has advanced considerably
beyond said slotted pin and said oscllating
pin being at one side of and slightly ve-
moved from said outlet; and a spring-
pressed valve for closing said outlet.

4. In a device of the class described, a
piston rotatable in a cylindvical chamber
with one point thereof always in contact
with the wall of said chiamber, said chamber
having an outlet therefrom open to atmos-
phere at its outer end and consisting in part
of a plurality of alined discharge openings
and said piston having a radial blade ex-
tending therefrom with an inlet passage
therein terminating in a port in a side wall
of said blade farthest from said outlet and
spaced from the periphery of said piston; an
oscillating pin having a transverse slot
through which said blade extends, one wall
of said slot closing said port wmtil the con-
tacting point of said piston in its rotation
has advanced considerably beyond said
slotted pin; a thin plate normally covering
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caid openings; a follower thereon provided
with transverse ribs resting on said plate;
and a spring forcing said follower against
said plate causing the latter to close said
openings.

5. In a device of the class described, a
casing having a closed cylindrical chamber,
an inlet compartiment, and a communicating
passage between the chamber and compart-
ment, said passage having cylindrical walls;
a pin adapted to escillate in said passage
and having a trausverse slot therein; a rota
able shaft centrally disposed in said cham-
ber; an eccentric cam theveon; an annular
piston mounted on the periphery of said cam
with one peripheral point always in con-
tact with the wall of said chamber and pro-
vided with a radial biade extending through
the transverse slot of said pin, said blade
having an inlet passage communicating with
said compartment and terminating in poits
in one wall of said blade and spaced from
the periphery of said piston; outlet openings
from.said chamber adjacent but siightly ve-
moved from the closed wall of said blade;
and a thin flexible plate normally closing
gaid openings. :

6. In a device of the class described, a
casing having a closed cylindrical chamber,
an inlet compartment, and a communicating
passage between the chamber and compart-
ment, said passage having cylindrical walls;
a pin adapted to oscillate in sald passage
and having a transverse slot therein; a vo-
tatable shaft centrally disposed in said
chamber; an cccentric cam thereon; an an-
nular piston mounted on the periphery of
said camn with one peripheral point always
in contact with the wall of said chamber
and provided with a radial blade extending
through the transverse slot of said pin, said
blade having an inlet passage communicating
with said compartment and terminating in
inclined ports in one wall of said blade
spaced from the periphery of said piston;
openings from said chamber adjacent but
slightly removed from the closed wall of
eaid blade and communicating at their op-
posite ends with an outlet open to atmos-
phere; and means within said outlet for
closing said openings.

7. In a device of the class described, a
casing having a closed cylindrical chamber,
an inlet compartment, and a communicating
passage between the chamber and compert-
ment, said passage having cylindrical walls;
v pin adapted te oscillate in said passage
and having a transverse slot therein; a vo-
tatable shaft centrally disposed in said
chamber; an eccentric cam thereon; an an-
nular. piston mounted on the periphery ok
gald cam with one peripheral point always
in contact with the wall of said chamber and
provided with a radial blade extending
through the transverse slot of said pin, said
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blade having an inlet passage communicating
with said compartment and terminating in

ports in one wall of said blade, the lower.
ends of which are considerably removed -

from the periphery of said piston; and
valved openings from said chamber adjacent
but slightly removed from the closed wall
of said blade communicating with an outlet
open to atmosphere.

8. In a device of the class described, a
casing having a closed cylindvical chamber,
an inlet compartment, and a communicating
passage between the chamber and compart-
ment, szid passage having cylindrical walls;
a pin adapted to oscillate in said passage
and having a transverse slot therein and a
flat lower side perpendicular to the side
walls of said slot; a rotatable shaft centrally
disposed in said chamber; an eccentric cam
thereon; an annular piston mounted on the
perviphery of said cam with one peripheral
point always in contact with the wall of
said chamber and provided with a radial
blade extending through the transverse slot
of said pin, said blade having an inlet pas-
sage communicating with said compartment
and terminating in ports in one wall of said
blade spaced from the periphery of said
piston; and vaived outlet openings from said
chamber adjacent but slightly removed from
the closed wall of said blade communicat-
ing with an outlet open to atmosphere.

9. In a device of the class described, a
piston ring having a radial blade provided
with pockets extending from the outer end
thereof with ports from the inner end of
said pockets through one wall of the blade.

10. In a device of the class described, a
piston ring having a radial blade provided
with pockets extending from the outer end
thereof with inclined ports from the inner
end of said pockets through one wall of the
blade.

11. In 2 device of the class described, a
casing having a cylindrical chamber therein
provided with an inlet thereto and an out-
let therefrom open to atmosphere; a piston
revoluble therein and contacting at one point
with the cylindrical wail of said chamber;
and means coacting with said piston for cut-
ting off the supply of gas to said chamber
while the contacting part of said piston is
travelling from a point at one side of said
outlet to a point a considerable distance be-
yond said inlet.

12. In a device of the class described, a
casing having a cylindrical chamber therein
provided with an inlet thereto and an outlet
therefrem open to atmosphere; a piston rev-
oluble therein and contacting at one point
with the cylindrical wall of caid chamber;
neans coacting with said piston for cutting
off the supply cof gas to said chamber while
the contacting part of said piston is trav-
elling from a point at one side of said out-
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let to a point a considerable distance beyond
said inlet; and an automatic valve for clos-
ing said outlet under normal conditions and
adapted to be opened by increased pressure
created in said chanber by the votation of
said piston,

13. In a device of the class described, a
casing having a cylindrical chamber there-
i provided with an inlet passage and a
closely adjacent outlet open to atmosphere;
an oscillating pin in the inlet passage; a
piston revoluble in said chamber with one
point always contacting with the cylindrical
wall of said chamber and having a hollow
radial blade extending through said slot,
said blade having a port in one wall thereof
for the admission of gas to said chamber
and said port being spaced from the pe-
riphery of said piston; and means for clos-
ing said inlet port while the contact point
of the piston is travelling from a point a
considerable distance at one side of the out-
let to a point beyond the inlet passage.

14. In a device of the class described, a
revoluble piston having a radial blade; and
an oscillating pin provided with a slot
through which said blade extends, said pin
being made in two abutting parts retained
together by headed rods extending through
both parts.

15. In a device of the class described, a
casing having a cylindrical chamber; and
an eccentric revoluble piston therein pro-
vided with means cutting off the supply of
gas to said chamber during a portion of the
cycle of rotation of said piston.

16. In a device of the class described, a
casing having a cylindrical chamber and an
outlet therefrom open to atmosphere; a
valve closing said outlet under normal con-
ditions; and an eccentric revoluble piston
therein adapted during only the latter part
of its rotation to compress the gas in ad-
vance thereof and eject it through said out-
let.

17. In a device of the class described, a
casing having a cylindrical chamber and
an outlet therefrom open to atmosphere;
and an eccentric revoluble piston therein
provided with means operable during a part
of the cycle of said piston to create an in-
creased pressure of the gas in said chamber
in advance of said piston; and an outlet
valve normally closed but adapted to be
opened by the increased pressure created
in said cylinder.

18. In a device of the clags deseribed, a
casing having a cylindrical chamber pro-
vided with an outlet open to atmosphere
and a plurality of alined discharge open-
ings communicating with said outlet; a flat
vielding plate covering said openings; a
follower therefor having transverse ribs
resting thereon; and a spring bearing on
said follower,

53

19. In a device of the class described, a
casing having a cylindrical chamber pro-
vided with an outlet open to atmosphere
and a plurality of alined discharge openings
communicating with a wide pocket in said
casing having narrow recesses at the ends
thereof; a flat yielding plate covering said
openings with 1ts ends in said recesses; a
follower therefor having transverse ribs
resting thereon, the ends of said follower

70

75

being disposed in said recesses; and a spring

bearing on said follower.

20. In a device of the class described, a
casing having a cylindrical chamber pro-
vided with 2 member having an outlet open
to atmosphere and a plurality of alined dis-
charge openings communicating with a wide
pocket in said casing having narrow recesses
at the ends thereof; a flat yielding plate
covering said openings with its ends in said
recesses; a follower therefor having trans-
verse ribs resting thereon, the ends of said
follower being disposed in said recesses; a
spring bearing on said follower; and a
longitudinal bar on the outlet member form-
ing a bearing surface for said spring.

21. In a device of the class described, a
casing having a cylindrical chamber; an
eccentric piston therein provided with a
radial blade having oil grooves at its op-
posite ends, an oscillating pin having a slot
through which said blade extends; and
means for admitting a Iubricant to said
grooves.

22. In a device of the class described, a
casing having a cylindrical chamber; an
eccentric piston therein provided with a
radial blade having oil grooves at its op-
posite ends; an oscillating pin having a
slot through which said blade extends; and
adjustable means for admitting a lubricant
to said grooves.

23. In a device of the class described, a
casing having a cylindrical chamber; an
eccentric piston therein provided with a
raciial blade having oil grooves at its op-
posite ends; an oscillating pin having a
slot through which said blade extends, said
pin being positioned in a semi-cylindrical
passage and having peripheral oil grooves
extending lengthwise thereof opposite the
walls of said passage; and means for ad-
mitting a lubricant to said oil grooves.

24. In a device of the class described, a
casing having a cylindrical chamber; an
eccentric cam revoluble therein; an annular
pisten surrounding said cam and having
bearing portions at opposite ends thereof
contacting with the periphery of said cam,
each bearing portion having an oil groove
extending transversely thereof; and means
for admittine a lubricant to said oil grooves,

25. In a device of the class described, a
casing having a cylindrical chamber; an an-
nular piston provided with a radial blade;
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an oscillating pin having a slot through
which said blade extends; an eccentric cam
on which said annular piston is mounted
and which is revoluble in said chamber; end
plates at the opposite ends of said casing one
of which is provided with an oil passage to
admit a lubricant to said chamber and to
grooves formed in the moving parts therein;
and means for regulating the admission of
lubricant through said passage.

96. In a device of the class described, a
casing having a cylindrical piston chamber
therein provided with an iniet thereto and
an outlet therefrom open to atmosphere; a
piston revoluble therein and contacting at
one point with the cylindrical wall of said
chamber; a by-pass in the outer wall of
said chamber adjacent the outlet and ex-
tending to the inlet side thereof; a valve
closing said by-pass and adapted to De
opened when the pressure within said cham-
ber exceeds a predetermined limit; and
valve mechanism for closing said outlet
under normal conditions.

97. In a device of the class described; a
casing having a cylindrical piston chamber
therein provided with an inlet thereto and
an outlet therefrom open to atmosphere; a
piston revoluble therein and contacting at
one point with the cylindrical wall of said
chamber; a housing secured to the outer
wall of saild casing adjacent the outlet
and having a chamber therein communicat-
ing with the piston chamber of said casing
by an opening ; a valve for closing said open-
ing and adapted to be opened under a pre-
determined pressure; a pipe leading from
said housing to the inlet side of said piston
chamber; and valve mechanism for closing
said outlet under normal conditions and
adapted to be opened only when the contact-
ing portion of the piston has passed said
by-pass.

98. In a device of the class described, a
casing having a cylindrical piston chamber
therein provided with an inlet thereto and
an outlet therefrom open to atmosphere; a
piston revoluble therein and contacting at
one point with the cylindrical wall of said
chamber ; a housing secured to the outer wall
of said casing adjacent the outlet and hav-
ing a chamber therein coramunicating with
the piston chamber of said casing by a cone-
shaped opening; a spring-pressed valve for
closing said opening and adapted to be
opened under a predetermined pressure; a
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pipe leading from said housing to the inlet
side of said piston chamber; and a valve con-
trolling the escape of gas through said out-
let adapted to be opened only when the con-
tacting portion of the piston has passed
said by-pass.

29. In a device of the class described, a
casing having a cylindrical piston chamber
therein provided with an inlet thereto and
an outlet therefrom open to atmosphere and
a compartment communicating with said
piston chamber by a cylindrical passage; an
oscillating pin 1n said passage having a
transverse slot therein; a piston revoluble in
said piston chamber and contacting at one
point with the cylindrical wall thereof; a
blade extending from said- piston through
said slot and having an inlet passage there-
through; a by-pass through the outer wall
of the casing adjacent the outlet from said
chamber and extending to said compart-
ment; a valve closing said by-pass and
adapted to be opened when the pressure
within the piston chamber exceeds a pre-
determined limit; and a valve in said out-
let normally closed but adapted to be opened
when the contacting portion of the piston
has passed said by-pass. '

30. In a device of the class described, a
casing having a cylindrical piston chamber
therein provided with an inlet thereto and an
outlet therefrom open to atmosphere and a
compartment communicating with said pis-
ton chamber by a cylindrical passage; an
oscillating pin in said passage having a
transverse slot thercin; a piston revoluble
in said piston chamber and contacting at
one point with the cylindrical wall thereof;
a blade extending from said piston through
said slot and having an inlet passage there-
through ; a housing secured to the outer side
of said casing adjacent the outlet and hav-
ing a chamber therein communicating with
the piston chamber of said casing by an
opening; a valve for closing said opening
and adapted to be opened under a prede-
termined pressure; a pipe leading from said
housing to the inlet side of said piston cham-
ber; and a valve in said outlet normally
cosed but adapted to be opened when the
contacting portion of the piston has passed
said by-pass. 4

Signed by me at 746 Old South Bldg.,
Boston, Mass., this 9th day of April, 1926,

JUSTUS R. KINNEY.
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