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This invention’ relatesto a fastener driving tool and,

more. particularly, to:a fastener driving: tool ‘including
new and improved pneuma’uc pxston return means.

The use: of a compression spring to return the:piston
in: a pneumatic fastener driving tool to its normal at the
end of a power stroke has:largely. been supplanted by
pneumatic piston: return means, . These piston pneumatic
return systems; which can avoid the failures-of prior tools
due to the fatigue of the return ‘spring and also permit a
reduction in the height or size of the tool, commonly use
such techniques as continuously supply the pressure fluid
to a differential piston or selectively applying compressed
air below the piston following the termination of the
power stroke.: -Some of these types of return systems suf-
fer from. the disadvantage that they reduce the drive
power of the tool, and others of the system consume an
excessive amount of the pressurized-fluid or require some-
what complicated valve arrangements for controlling the
flow of the piston return fiuid. :
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Accordingly, one object of the present invention is to |

provide' a° new and 1mproved pneumaﬂcally actuated
fastener driving tool. :

Another object is to provide a fastener driving appara-
tus including new and improved means for pneumatlcally
returning a piston.

30

Another object is:to provide a pneumanc piston’ return -

system including means for selectively supplying a pres-
surized fluid that returns a piston in dependence on the
pressure - within--the cylinder. .

Another object. is to provide a pneumatic return 5ys~
tem in which a valve is pneumatically operated in depend-
ence on the position -of the drive piston to control the
flow of a pressunzed fiuid to the cylinder.

Another object is to provide a fastensr driving tool of
the type including a movable cylinder in which a fluid
operated valve carried on the cylinder controls the appli-
cation of a pressurized ﬂmd .to the cylinder for returning
the. piston..

A further object is to provxde a fastener ‘driving tool in

‘which the. connection of the interior:of one end of the
cylinder to the atmosphere at the end of .a.drive stroke
of a piston controls a piston return’ means to supply pres-
surized fluid to another portion of the cylinder to return
the piston.

A further object is to provide a' fastener dnvmg tool
including new and improved means for selectively dis-
charging finid from the interior of the cylinder.

Another object is:to provide a‘fastener driving tool
including both a cylinder movable into and out of engage-
ment with a fixed position main valve means and a piston
actuated valve for selectively connecting the interior of
the cylinder to the atmosphere., -

- In accordance with these and ‘many. other objects, an
embodiment ‘of the invention comprises-a fastener driv-
ing tool having a housing defining a reservoir continuously
supplied with compressed air in which is slidably mounted
a cylinder. - A main valve means-carried on the housing
immediately above an-open-end of the cylinder is selec-

tively ‘engaged by moving the cylinder relative to the.

housing to control the admission of fluid from the Teser-
voir into the interior of the cylinder to drive a fastener
driving means including a piston. slidably mounted within
the cylinder. The upper.'end of the interior .of the cyl-
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inder is selectively placed in communicaiion with the

‘atmosphere through an exhaust system including a pas- -

sageway formed in the housing, a part of which is an
axial passage formed in a piston slidably mounted on the

. housing. - In the normal condition of the tool, compressed

air is supplied to the lower surface of the cylinder to hold
it in engagement with the main valve means, and the com-
pressed air is also applied to the piston structure: form-
ing a'part of the exhaust valve system to displace this
valve to a condition in which the interior of the upper -
end of the cylmder is connected to.the atmosphere.

When' the tool is to be operated, the lower surface: of
the cylinder and the piston means in the exhaust valve
assembly are comnected to the atmosphere so that the
cylinder moves downwardly away from the main valve to
supply. compressed .air to the cylinder to drive the piston
downwardly in.a power stroke. The compressed " air,
when: admitted to the cylinder, also acts on the piston
structure in the exhaust valve to move this piston against
a transversely extending valve surface to:close off the
exhaustfor the cylinder. When the control valve as-
sembly is released to readmit compressed air to the lower
surface of the cylinder and to the plStO]:l means' in. the
exhaust valve assembly, the cylinder is shifted upwardly
to engage the main valve and the. piston is:shifted out of
engagement with the valve surface in the exhaust valve
assembly to place the upper end of the interior of the
cylinder at atmospheric pressure.-

To provide means for pneumatically returning the p1s~
ton toits normal condition, the cylinder structure is pro-
vided: with a passageway connecting the lower end of the
cylinder below the piston means with the fluid provided
in the reservoir. Communication through this passage-
way is controlled by a .pneumatically -actuated:piston re-
turn valve including a piston slidably mounted in-a cham--
ber-formed on the cylinder structure. This.chamber is
continuously supplied with compressed air from"the re-
‘servoir through a bleeder port, and this chamber -is also
placed in communication with the upper end of the in-
terior of the cylinder through a passageway terminating
in a'port on the inner wall of the cylinder adjacent its
upper end.. When the cylinder is in its normal ‘position,
the compressed -air supplied by the bleeder port acts on
the pneumatically “actuated - control. valve to close off
commimication between the reservoir and the lower end
of the cylinder. Similarly, when the. cylinder is moved
downwardly out of engagement with the main valve, the
compressed air admitted to the upper end of the cylinder
supplements the - fluid - pressure - provided. through the
bleeder port to maintain the piston return control valve
in a closed condition. .

- 'When the cylmder has been returned to a position en-
gaging the main valve and the exhaust valve assembly has
been opened to connect the interior of the cylinder to the
atmosphere, the piston means remains adjacent the lower
end of the cylinder in the position occupied at the.end
of the power stroke. However; the chamber in the con-
trol valve assembly is connected directly to the atmosphere
through' the exhaust valve assembly, and the compressed
air in the fluid reservoir acts on the piston return’control
valve to shift this valve to its open condition.. This opens
the ‘passageway in the cylinder so compressed air from -
the reservoir is supplied below the piston fo pneumatically
return it -to a .position adjacent .the upper ‘end of the
cylinder.- At this time, one or a pair of resilient O-rings
carried on the piston seal the port or passageway extend-
ing to the chamber. in: the piston return..control valve
so that the finid supplied through the bleeder port builds
up in the chamber and is effective to close the piston re-
turn control valve.: This terminates the application:of
compressed ‘air from the reservior to-the portion of the
cylinder disposed below the piston means. . The light
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frictional engagement of the inner walls of th= cyhnderi

by the sealing O-ring- generally  will: prevent the -piston

the cylinder 18 is moved upwardly to engage the main -

- valve assembly 30 $o0 as to close off communication be-

from dropping from its normal posmon However,if the

piston- does drop, the chamber.in the piston return con-
- trol valve is:again vented- to the‘atrn’osphere, and this
valve is momentarrly opened to supply air: for returning’
~ the piston. -

-Many other.objects and advantages of the: present in=-

ventlon will become apparent from considering.the follow-
mg detalled description in comunctron Wlth the drawmgs,
in which:

" . FIG. 1'is a secticnal view of.a pneumalrcally actuated,

fastener driving tocl which embodies the present inven-
.. tion and which is shown in nornial position;

FIG. 2 is an enlarged sectional view of a pistcn rvtum,

control valve carried on-a cylinder-structure included in’
the tool that illustrates. the co‘lfrol valve in 1ts normal
condition;

FIG. 3 is a sectional view ‘similar to FIu 1 showmg

.- the fastener driving tool in an operaxed condmon at the -
. termmatlon of a power stroke;

- FIG.:4.is an exploded perspective view of the plston' ’

return control valve shown in FIG. 2;
FIG. 5 is-a sectional :view similar to FIGS 1 and 3

illustrating the. tool ‘in-its condition-after a power. stroke : 2
and prior to the return ‘of the plston to 1ts ‘normal con-

tion; and
- FIG. 6is an enlarfred sectional view sxmllar to FIG 2
illustrating. the piston return control valve i in an operated
condition.

Referring now mote spec1ﬁca11y to FIG. 1 of the draw-
ings, therein is illustrated a fasténer driviiig tool indicated
generally as 10 which embodies the present invention and
which is of the same general type as.those shown and de-~
scribed in United States Patent Nos, 2;944,522; 2,979,725

~and 3,043,272, The tool 12 includes a housing. 12 com-
prising a rearwardly extending hollow handle portion 12a

and a generally vertical head or forward portion 125, The
cavity-in thé hollow handle poriion 12« and a chamber 14

formed in the head portion 125 provide-a reservoir 18

that is'continuously supplied ‘with a pressurized fiuid, such
© as compressed air. '
chamber 14-slidably receives a piston 26 to the lower-end
of ‘which is secured a driver blade 22.” A noseplece struc-
ture 24 is:secured to the lower end of the forward portion
12b of the -housing 12 and defines a drive track 26 to
" ‘which suitable fasteners to be driven, such as staples, are

supplied by a' conventional - magazine 'assembly (not..
Compressed air from the reservoir 16-is mor-

shown).
mally supplied by a manually actuated control valve as-
sembly 28 to hold the open upper end of the cylinder i3
seated in engagement  with. a main valve assembly 30 sé-

cured in a fixed position ‘on the housing 12. ~The com-’

) pressed -air supplied by the control valve assembly 28 is
.also’ forwarded ‘to.an exhaiist valve assembly, indicated

A cylinder 18 movably mounted in the”

tween the interior of the cylinder 18 and the reservoir 16,
and the compressed air supplied to the exhaust valve as- '

. sembly ‘32 ‘operates-this assembly to its open condition so..-

that the fluid trapped in thé upper end. of the interior of: ¢
the cylinder 18 above-the piston’ 20 is dlscharved to the: ;
atmosphere.

To control the return of the plston 20, :a-piston return :
control valve assembly 34 responsive to ‘the pressure with-
in the upper-end of the cylinder 18-is now operated to-an:
open condition to supply compressed-air from the reser- -

‘voir 16 to the cylinder 18 below the piston 20.! This com- :

pressed- air returns -the piston20 to its normal position
adjacent the upper end .of the cylinder 18.~ The control
valve 34 is automatically operated to a closed condition -
by the return of the. piston 26 to prevent the supply of :
any additional compressed air from the reservoir 16:to the
lower end .of the cylinder:18. - Therefore; the pneuifiati-
cally actuated -fastener. driving tool ‘10 embodying :the :
present ‘invention includés means for selectively. supp]y-g
ing compressed air for returning the piston 20 to its nor-

- mal condition only - when. communication ‘between the: .
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reservoir 16-and the interior of the cylinder 18 has been

‘terminated and the cylinder has been comnected to the

atmosphere under the control of the.improved exhaust

Vvalve assembly 32.

Referring now. more specxﬁcally to the constructlon of :
the housing 12, ‘this housing can’be formed in any of the. -
manneis well knows in the art-and comprises either an
integral ‘or multiple part .structure. In’ the. illustrated
construction, the top of the head portion 12b and the .
upper end of the chamber 14 is provided with an: openmo .
closed by a removable cover 35 on which the main valve .
assembly “30 and the ‘exhaust valve assembly 32 are -
mounted.” The chamber ‘14 .is providéd with a larger‘ -
‘diameter portion 14a and’a smaller diamefer portion 14b
for slidably receiving the’cylinder 18. * "An upper portion .
of the cylinder'18 is provxded with an upper of first piston

portion slidably mounted in the larger diameter portion . -

14q and sealed by an O-ring 36. A second-or smaller:
diameter. portion at"the lower end of the cylinder 18 ‘s
slidably mourted in the smaller- diameter portron 14b of

the chaimber and is sealed by an O-rmg 38.

To provide means for sele ctrvely connectmg the lower
end of the inferior of ‘the cylinder 18 to the atmosphere,: .
a lower cylinder exhaust valve assembly- 39 ‘is provided.
The assembly 39 includes a generally cylindrical - valve

member 40 slidably ‘mounted in an enlarged. portion- 14c-

of the smaller diameter portion 14b. of -the chamber 14..

-A’ compression spring: 41 normally urges the element 40

upwardly to seat ‘a resilient, circular valve element 42 -

- carried on the upper end of the member 48 on an inclined : -

[
[543

: generally as. 32, to hold this valve assembly in-a position -

in-which the interior of the upper end of the cyhnﬂer 18
is ‘connected to the atmosphere

‘When the tool 16 is to be operated, the manually ac-~
tuated valve assembly 28 is operated to connect a portion
of the:¢hamber 14 to the. dtmosphere so that the cylinder
18is moved downwardly away from the main valve as-
sembly 38 by the compressed air in the reservoir 16 to

permit the cc_)mpressed air ‘to -enter the cylinder 18 and .

drive- the ‘piston 29 and ‘driver blade .22 downwardly to
engage and set a fastener supplied to the drive track 26.
"The control valve 28 also connects-the exhaust valve as-
sembly 32 to the atmosphere-so- that it is operated fo a

closed  position by the compressed air admitted to “the-

cylmder 18 thereby ‘preventing the loss of -fiuid -pressure

in the Teservoir. 16.. The piston 28 remains in its position -

at the lower end of the cylinder 18 at'the end of the power
stroke until the -control valve assembly 28 is released to

valvé surface 43 on the housing to close communication.
_between .the. lower ‘end of the. interior of the cylinder 18
-and a_plurality of -exhaust-poris. 44 in. the head portion .

125 of the housing 12:". A resilient O-ring 45 carried on
the . valve member- 40. seals’ the interface ‘between : the.

" wall ‘of the enlarged portlon 14c ‘and the outer surface

60
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of the member 40. .The spring 41-4lso biases the cylin-
der 18 to its normal position when air is not supplied to
the tool 10 to insure that this tool does not fire 1nadvert-
enﬂy when air is connected to it.

In the normal position of the fool 10 ithe " resilient
valve element 42 is held against the valve:seat 43 by the
spring 41 to close the; lower end of the: cylinder 18, and:.
the lower -end of the cylinder; ‘which is provided with a
plurality of- notches’ or recesses. 184, is- spaced shghtly’
‘above the upper end of the-valve ‘niember 40.° When
the cylinder. 18 .is moved -downwardly to open ‘its top,
its lower end engages the valve 'member 40 and moves it

" downwardly against- the-action .of the spring 41 to move

- . again supply compressed air to a portion-of the chamber

14 and to the exhaust valve assembly 32. ‘At this time,

-7

the resilient valve -element 42 out .of engagement with
the seat 43." Thisplaces the lower intefior of the cylmder
18 in communication. w1th the atmosphere through the,
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tecesses 18a and the ports 44 at least as soon as the top of
the cylinder 18 is opened to the compressed air in the res-
ervoir 16. - When the cylinder 18-is restored to its normal
position at the end of a cycle of operation, the spring 41
biases the valve element 42 into engagement with the seat
43 to close the lower inferior of the cylinder 18. Since
the valve assembly 39-includes the resilient elements 42
and 45 for sealing the lower interior of the cylinder 18,
the loss of air sometimes encountered in prior tools sealed
by metal-to-metal interfaces 'is ~ avoided. Further,' the
element 42 provides a. tight seal without requiring -the
elongated metal-to-metal seal previously used and per-
mits the connection to the atmosphere to be opened with
less downward movement. of the-cylinder 18 with the
result that the lower end of this cylinder is connected to
the atmosphere at least as soon as compressed air is ad-
‘mitted to the top of the cylinder 18. In some prior
tools, the exhaust for the lower end of the tool was not
opened until: after the top bad been opened with a re-

sultant ‘decrease in the power: available for driving the ¢

blade 22.

The piston 29 includes an upper flanged portion 284
having a recess in which are disposed two resilient O-rings
46. A lower depending portion of the piston .29 is se-
cured to the upper end of the driver blade 22 by a pin:48.
The downward movement of the piston 20 is arrested by
a resilient buffer assembly comprising an annular’ body
50 -of resilient material encircled by a metal sleeve 52
biased against the bottom wall of the chamber 40 by the
spring 41. The body 50 includes an axial opening
through which the driver blade 22 extends.

The ‘main valve assembly 3¢ which is secured in a fixed
position on the closure cap 35 comprises a circular sheet
54 .of resilient meaterial having an outer  diameter ap-
proximately equal o the outer diameter of the upper por-
tion of the cylinder 18.  The center of the. sheet 54 is
provided with an opening for receiving a-depending cy-
lindrical portion 354 on the closure cap '35 which also
extends through a central ‘opening. in a rigid retaining
plate ‘56 having an outer diameter slightly less than the
inner diameter of the upper portion of the cylinder 18.
The resilient valve element 54 and the plate 56 are
secured ‘to' the closure .35 by one or-more. machine
screws 58.

The exhaust valve assembly 32 which is controlled by
the control valve assembly 28 includes a piston 66-slid-
ably mounted in a chamber or cylinder 62 in the closure
cap 35 which communicates with an exhaust passage 64
that passes through the depending portion 35z on the

closure cap 35 to the interior of the cylinder 18. The-

lower end of the piston 60 is slidably mounted in a re-
duced diameter portion of the chamber 62, and the upper
end of the pxston 69 is slidably mounted within a centrally
disposed opening in an annular guide member 66 that is
disposed within the upper end of the chamber 62.

resilient sleeve 68 is mounted in an enlarged upper end of
an exhaust passage 70 passing through ‘the piston 60.and
includes an upper end portion projecting above the upper

A
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28 controls-the selective operation. of the exhaust valve
assembly 32 and the movement of the cylinder 18 into and
out of engagement with the main valve assembly 30. The
valve assembly 28, which can be of the type disclosed and

described in-detail in the above-identified patents, includes

a valve operator stem 80 that is biased into engagement
with a trigger 82 pivotally mounted on the housing 12 by
a shaft or a'pivot pin 84. In the normal or released con-
dition of the control valve assembiy 28, compressed air
from the reservoir 16 is supplied through: a passageway

86 to-the patt of the larger diameter portion 14a of the

chamber 14 that is disposed between-the sealing O-rings
36 and 38. Since the lower effective area on the cylin-
der:18 is greater than the upper effective area on the cy1m~
der 18 exposed to the pressurized fluid in the reservoir
16, an upwardly directed component of force is applied
to the cylinder 18 to normally force its upper edge into
engagement with the resilient valve element’ 54.: This
rormally closes off communication between the upper end
of the interior of the cylinder #8 and the pressurized
fiuid in the reservoir 16. The compressed air supplied to

- the lower end of the greater diameter portion14q of the

40
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surface of the piston 69 adapted to be moved-into-and - ‘

out of engagement with a transverse wall element-or valve
seat 72 seciired to the closure cap 35.

In the normal condition of-the tool 10 the exhaust
valve 32 is in an open condition connecting the upper
interior ‘of the cylinder 18 with the atmosphere through
the passageways 64 and 70 and a plurality of transverse
passageways 74 formed by the plate 72 and the closure
cap 35. The exhaust valve assembly 32 is normally held
in this open condition by compressed air supplied to the
¢hamber 62 through- a passageway. 76 in’ the forward
portion 125 of the housing and a passageway 78 in the
closure cap 35. T] ]
effective area of the piston 69 disposed wthin the cham-

ber. 62 to force the piston downwardly against a stop.

formed by the shoulder in the wall of the chamber 62.
As indicated above, the manually actuated control valve

“This compressed air ‘acts on the upper’

60
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chamber 14 is also supplied through the passageways 76
and 78 to act on the upper area of the piston 69 disposed
within the chamber 62 to hold the exhaust valve assem-
bly 32 in its normal condition in which the upper end of
the interior of the cylinder 18 is vented to the atmosphere
through the passageways 64, 78, and 74.

Wihen the contro} valve asvembly 28 is actuated by pivot-
ing the trigger element 82 'in a counter-clockwise direction
about the pivot pin ‘84, the valve assembly 28 closes off
communication between the passageway 86 and the pres-
surized fluid in-the reservoir 16 and connects the pas-
sageway 86 to the atmosphere so that the compressed air
in the chamber 62 and the portion of the chamber 14 dis-
posed between the O-rings 36 and 38 is exhausted to the
atmosphere. - The compressed air acting on'the upper
effective surfaces of the cylinder 18 exposed to the pres-
surized - finid  within the reservoir 16 now produces a
downwardly directed component of force that ‘shifts the
cylinder. 18 downwardly from the normal position jllus-
trated in FIG. 1 to-the displaced position illustrated in
FIG. 3. In moving downwardly, the cylinder 18 moves
the valve member 40 downwardly to move the valve
element 42 out of engagement with the seat 43 to connect
the lower interior of the cylinder 18 to the atmosp.iere )
This permits the air trapped below the piston 20 to' be
discharged to the atmosphere during the power stroke of
the fastener driving means.: As the upper end of the
cylinder 18 moves out of engagement with the resilient
valve element 54, the pressurized fluid or compressed air
in the reservoir 16 flows into the open upper end of the
cylinder 18 and drives'thé piston 28 and the connected
driver blade 22 downwardly to engage and drive a fas-
tener or staple supplied to the drive track®26.. -At the
lower ‘end of the power stroke illustrated in FIG. 3 of
the drawings, the lower end of the reduced diameter por-
tion of the piston 29 engages the uppetr edge of the resil-
ient bumper or buffer element 50 to resiliently cushion the
termination of the power stroke.

When the upper end of the cylinder 18 moves- out of
engagement . with the resilient valve element 54 in the
main Valve assembly 38, compressed air is admitted to the
lower end of the passageway 64. Since the compressed
air in-the chamber 62 acting on the upper-effective sur-
face of the piston 60 has been discharged to the atmos-
phere by the actuation of the control valve assemb]y 28,
and since the area of the passageways 64 and 70 is small
relative to the voliume of compressed air now supplied to
the cylinder 18, this compressed air is effective through
the passageway 64 to act on the reduced diameter lower
effective surface of the piston 68 to' move this piston up-
wardly to the position illustrated in FIG. 3 in which the
upper end of the resilient sleeve 68 is held in sealing en-
gagement with ‘the transversely extending valve seat 72.
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-This closes communication between: the passageway 70

and the passageways 74 to close the exhaust valve assem- -
bly 32 and prevent the loss of compressed air from the

reservoir 16. - The fastener driving tool. 18 remains i the
" condition shown in FIG. 3 of the drawings with the ex-

haust valve assembly 32 in a closed condition and with the -

- cylinder 18 and the piston 29 moved downwardly to their

displaced ‘positions until the control valve assembly 28 1s'-
- released.

At:this time, the passaoeway 86 is closed off from cont-

L

o
8

‘main valve assembly 3@, are dlsposed on oppoute sides:

of the port terminating the passageway 119. - The bleeder -
passageway 188 continuously supplies pressurized: fluid

from the reservoir 16 to:the: chamber 98 which acts on. ©

the ‘upper surface of the:piston_portion: 96b to force the:

" member-$6:downwardly ‘to the posmorx shown-in FIGS.

" .1-and 2 in which the valve portion 86a seats against the -
~ resilient valve element 162 to prevent communication be-.

10.

munication with the -atmosphere -and is'again.connected:

to the -pressurized fluid «in ‘the resérvoir 16.  This fluid .
flows into the -portion 14a of the chamber 14 bonded by

- the' C-rings 36 and 38 and, because of the greater effective
Jower surface on the cylinder 18, moves this cylinder up-
~wardly so that-its upper edge again engages the resilient

tween the port ‘94 and the passageway 88.. The com-:
pressed air ‘acting on the upper: surface of the piston por-
tion 94b holds the valve assembly 34 in a closed condi-
tion-even though-the- compressed ‘air from the reservoir.

16 -acts on'the lower surfaces ‘of -this piston portion: be-. .

valve element 54 in the main valve -assembly 38 to'close.

- off communication between the reservoir 16 and the in-

terior of the cylinder 18 (FIG. 5). When the cylinder 18
moves upwardly, the valve member 48 is moved up-

wardly by the spring 41 to seat the valve clement 42 on
the surface 43 to-close off communication between. the

atmosphere and the lower end of the interior of the ¢ vlin-
der-18. The compressed  air supplied to the ‘chamber
portion 14a also flows through the passageways 76 and 78
into the chamber 62.  This compressed air acts on the
greater upper effective area of the piston 60 to move this

piston downwardly from the position shown in FIG. 3’

to the position shown in FIG. 5. When the piston 68

~moves to this'position, the upper end of the resilient sleeve - 3

. 68 moves out of engagement with the element 72 so that
the upper end of ‘the interior of the cylinder 18 is again

placed ‘in communication with. the. atmosphere through

cause: the “upper surfaces of the piston portion have a -
ereater. effective area:than:the lower surfaces:

When the control valve -assembly 28 is actuated - to -
operate the tool 19 to-the posmon illustrated.in FIG. 3 of
the drawings, the cylinder 18-is moved downwardly out

S of encagement with the main valve assembly 3; and. the

piston 2@ is driven- through: a power stroke.: When the
piston 28 moves downwardly, the O-rings 46 move away
from the port terminating the .passage 11 :so that the
chamber 99 is also supplied with pressurized fluid from

" the upper end of the cylindér.18 through the passageway

the passageways 64,70, and 74 to exhaust the pressurized ..

fluid trapped in the upper end of the cylinder 18 when this
cylinder-was moved into engagement with the main valve
assembly 39. The reduction in the pressure in the upper

end .of the cylinder 18 automatically controls the opera-

tion of the piston return valve assembly 34 to.supply com-

pressed air to the lower end of the interior -of the-cylin- 4

der ‘18 ‘to return the piston 24 to its normal position.

The piston ‘Teturn . valve assembly 34 is mounted on -

the cylinder 18 and, mere specifically, is mounted on a
projecting portion 184 (FIGS. 2, 4 and 6) adjacent the

upper end of -the cylmder 18 to control-communication . 4:

‘substantlally at atmospheric - préessure.

119, - This provides an additional source of pressurized

fivid for maintaining the valve portion 96a of the mem-:
ber 96 in engagement with the valve element 162.: :

When the control valve 28 is released and.the cylcinder

18 moves upwardly into engagement with the main-valve

assembly 39, the exhaust valve assembly 32 is also ac:
tuated to-its:normal or open position: shown -in FIGS..1
and 5 so that the interior of the cylinder 18 disposed above
the  piston 29 ‘is -connected to: the .atmosphére. . Since
the passage 119 is in communication with the interior of:
the uppér end of.the cylinder 18, the pressurized fluid sup-
iplied-through the. bleeder. passage 168 is.exhausted to the
atmosphere, and-the portion of the chamber 69 dlspoced
between. the.piston portion $6b and the plug 184 is placed
In one tool 10
constructed  in accordance with the present invention, the

. diameter of the larger passageway 116 is twice that of -
- the smaller passageway 188. . The compressed air supplied-

through the port 24 acts on the lower effective surface, of

" -the piston portion 96 below the sealing. O-ring 160 to."

between - the. reservoir-16 and ' the lower.end: of the-in-. .-

- terior of the cylinder 18 through a passageway 88 formed
in the wall of the- cylinder 18. : The piston-return valve
assembly 34 includes a pair of -aligned’ and- cylindrical
chambers 98¢ and 92 formed-in the prolectmg portion.18a:

"' The-lower:end of the chamber $2is placed in communica- -

tion- with the reservoir 16 through a port or passageway
94." A member 95 includes a conical .or tapered- valve

portion 964 disposed in the chamber 22 and a riston por-.
tion 26a slidably mounted in the chambers 8¢ and-92. “A-

pair.of O-rings 98 and 160 seal the interfaces between the
member 96 and the chambers $0 and 92 in two spaced
positions.

resilient O-ring or valve element 162 to.selectively con-
trol communication: between the port 94 and the passage-
way 88.. The upper end of ‘the chamber 98 is'closed by a
plug 104 which is received within the upper end of the
chamber 90 and carries a sealing O-ring-196. . A bleeder
passage 198 in the plug 164 contl'luously supplies pres-
- surized  fluid ‘from the reservoir 16 to the chamber 9%

in the area disposed-between the lower or inner end of the .

plug 104 and the upper surface of the piston portion $&b.
A passageway 119 in the wall of ‘the cylinder 1§ also
places this portion of the chamber 96 in communication
with the upper end of the interior of the cylinder 18..

In the normal condition of the tool 18, the passageway
1190 is closed off from communication with the' interior
of the cylinder ‘18 by the O-rings-46 which, when the
piston 20 is disposed in its normal position adjacent the

The ‘lower end of the-valve portion 26a is
adapted to be moved into and out of engagement with a
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provide an upwardly directed force that moves-the mem--
ber 96 until the upper surface of the piston portion 965
engages a bossed portion 184a on.the plug 184. . This -
moves the valve portion 9%a out of engagement with the
sealing O-ring 102, and the compressed air contmuously

supplied to: the passage or port 94 from the reservoir 16

flows. throngh_ the ‘passageway 88 to the interior .of the
cylinder 18 below the piston-29 as: illustrated. i m FIGS.'5
and 6 of the drawmcs R

Since-the inferconnection: between the atmosphere and
lower end of the interior of the cylinder 18 has previous- -
ly been closed by moving the ¢ylinder 18 unwardly to:the
position illustrated in FIG. 5, the compressed air supplied

-by the passageway -88.acts on the lower surface of  the

. piston 28:to move -the piston upwardly to the: posmon

-shown in FIG. 1 of the drawings.”
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When the piston 20 is
restored to its normal position, the O-rings 46-are again

7 disposed -on opposite sides of the port terminating the

passage 110 so that the connectlon between the atmos- -
phere and. the chamber $0provided by the open “ex-

. haust valve assembly 32 is terminated. = Thus, the pres-:

surized fluid supplied through the bleeder passage 108

“from the reservoir 16 accumulates within the: chamber-90: -

Since the upper effective area of the piston portion 965
of the member 96 is greater than_the lower effective sur-
‘face. thereof, the compressed. air in the chamber 99 pro-:

“-vides a downwardly directed force that shifts the member

96 until the valve portion 96a again-engages the valve-

- -element 102 to close communication between the port 94
- and the passageway 88. .Thus, the supply of pressurized

fiuid to the lower end-of the cylinder 18:is terminated as -
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soon as the piston 28 is restored to its normal condition.

- 'The piston return valve assembly 34 is now.restored
to the normal condition illustrated in FIGS. 1=3 of the
drawings. In the event that the compressed air trapped
in the lower end of the cylinder 18 becomes dissipated by.
leakage prior to the initiation: of the next cycle .of op-
eration of the tool 18, the piston 28 usually will not drop
below its normal position because the light frictional en-
gagement of the inner wall of the cylinder 18 by the O-
rings 46 retains the piston 29 in its retracted or normal
position. ‘In the event that the piston 28 doss drop, the
O-rings :46 'again open theé passageway 119 “so that the
chamber 96 is vented to the atmosphere through the open
exhaust. valve assembly 32.  This operates the valve as-
sembly 34 to supply compressed air below the piston 28
for returning it.to ifs normal- position. = The piston 29
causes the reclosure of the valve assembly 34 as soon as
the piston is-teturned to its normal position.

Although the present invention has been described w1th
reference to a smﬂe illustrative embodiment thereof,. it
should be understood that numerous other modifications
and embodiments can be devissd by those ‘skilled in the
art that will fall within. the spirit-and scope of this inven-
tion.

What is claimed and desired to be secured by Letters
Patent of the United States is: -

1. A fastener driving apparatus compnsmg a ‘housing
supplied with a pressurized finid and including a cylinder,
fastener -driving meéans including piston means slidably
mounted in the cylinder, :control means for alternately
connecting the upper-end of the cylinder ‘means. to the
atmosphere and to the fluid to drive the piston means, and
means responsive to the pressure in the upper ‘end of the
cylinder and controlled by the connection -of the upper
end of the cylinder to the atmosphere for selectively sup-
plying fluid to the cylinder below the top .of the piston
means when the upper end of the cylinder disposed above
the piston means is placed at atmospherlc pressure.

2. A fastener driving. apparatus comprising a housmg
supplied with a pressurized fluid and including a cylinder,
fastener driving means including piston meéans slidably
mounted in the cylinder; control means for. alternately
connecting the upper end of the cylinder means to the
atmosphere and to the fluid to. drive’ the piston means,
valve means for supplying fluid to the cylinder means
below the piston means, and pressure responsive means
communicating with the “upper end of the cylinder for
selectively operating the -valve means to ‘supply pres-
surized fluid below the piston means when the pressure
within the-upper end of the cylinder means approaches
atmospheric pressure.

3. A fastener drlvmg apparatus comprising a housmg
including a reservoir. continuously supplied with a‘pres-
surized fluid and cylinder means having an open end ex-
posed to the fluid, fastener driving means including piston
means slidably mounted in the cylinder means, main valve
means  normally closing the open-end of the -cylinder
means, means for producing -a separation between the
main valve means and the end of the cylinder means to
admit fiuid to the cyhnder for driving the piston means,
exhaust-means for dxschargmg pressurized: fluid from the
cylinder means above the piston means, and piston return
means controlled ‘by - the - pressure within - the -cylinder
means above the piston means for selectively supplying
fluid to the cylinder means below the top of the piston
means to return the piston means to a position adjacent
the open end of the cylinder means when the exhaust
means discharges the pressurized fluid from the cylinder
means above the piston means. :

4. A fastener driving apparatus comprising a housing
including a reservoir continuously supplied with a pres-
surized fluid and cylinder means having. an open end ex-
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posed to the fluid, fastener driving means including piston -

means slidably mounted in the cylinder means, main valve
means normally closing the open end of the cylinder

75
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means, means for producing a separation between the
main valve means and the end of the cylinder ‘means to
admit floid to the cyhnder for driving the piston means,
and a‘préssure responsive valve means, for controllmg the
flow of pressurized fluid between the reservoir and a point
in the cylinder disposed below the top of the piston means,
said pressure responsive valve means being-controlled by
the pressure in the cylinder means above the piston means
and communicating with the ¢ylinder means adjacent the
open-end for selectively supplying fluid from'the: reservoir
to the cylinder means below the top of the piston means
when the pressure in‘the cylinder means-above the plston
means approaches atmospheric pressure. -

5. A fastener dnvmg apparatus .comprising a housing
including’ a.reservoir continuously ‘sapplied with ‘a pres-
surized fluid and cylinder means having an open end ex-
posed to the fluid, fastener driving means mcludmg piston
means slidably mounted in the cylinder means, main valve
means  normally closing the open end of the cylinder
means, ‘means for producing a separation between- the
main valve means and the end of the cylinder means to ad-
mit fluid to the cylinder for driving the piston means, ex-
haust means for connecting the portion of the: cylinder
means above the piston means to the atmosphere when
the open end of the cylinder means is closed by the main
valve means, return -means for supplying fluid to the
cylinder means below the top of the piston means fo re-
turn the piston means to a position adjacent the end of
the cylinder means, and means controlled by the pressure
within the cylinder above the piston means and responsive
to the connection of the cylinder means above the piston
means to the atmosphere by the exhaust means for selec-
tively operating the return means to supply ﬂuld to the
cylinder means below the piston means.

6. A fastener drlvmg apparatus comprising a housing
including’ a ‘reservoir continuously supplied with ‘a pres-
surized fluid and ¢ylinder means having an open end ex-
posed to the fluid, fastener driving means mcludmg piston
means slidably mounted in the cylinder means, main valve
means normally closing the open end of the cyhnder
means, means for producing a’ separation between the
main valve means and the end of the cylinder means. to

_admit fluid to the cylinder for driving the piston means,

exhaust means for connecting the portion of the cylinder
means above the piston means to the atmosphere when

_the open end of the cylinder means is closed by the main

valve means, control valve means for supplying fluid from
the reservoir to the cylinder means below the top of the
piston means, and pressure responsive means for operating
the control valve means and communicating with the

.cylinder means above the piston means.

7. A fastener driving apparatus comprising a housing
supplied with a pressurized fluid and including a cylinder,
fastener driving means including piston means slidably
mounted ‘in the cylinder, control means for alternately
connecting the upper .end of the cylinder. means to the
atmosphere and to the fluid to drive the piston _means,
valve means for supplying fluid to the cylinder means be-
low the. piston means, control piston means for moving
the valve means between opened and closed positions,
means for applying fluid to the control piston means, and
means including a passage communicating with the upper
end of the cylinder means for connecting the control pis-
ton-means: o the atmosphere )

8. A fastener driving apparatus compnsmg a housing
including a.reservoir continiously supplied with a pres-
surized fluid and cylinder means having an open end
exposed to the fluid, fastener driving means including pis-.
ton means slidably mounted in the cylinder means, main
valve means normally closing the open end of the cylinder
means, means for moving the main valve means and c¢ylin-

der means into and out of engagement to selectively admit -

the fluid to the end of the cylinder means, exhaust means
for connecting the portion of the cylinder means above the
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piston means to the atmosphere when ‘the main valve -

means closes the end of the cylinder means, and control
means responsive to closing the cylinder.end and connect:

ing. the closed cylinder’ to the atmosphere for supplying

fluid to the cylinder means below the top of the pxston

. means.
9. A driving devxce compnsmg a housmo mcludmo a-

- reservoir of pressurized fluid, a cylinder movably mounted
on the housmg and having an end exposed to the fluid-in
the reservoir, driving means including a- piston-slidably

for movmg the cylmder into and out of engagement with
thé main valve means to open and close the cylinder, and
control valve means carried on the cylinder and selectively
operable to supply fluid to the cyhnder below the -piston.

i

tween positions in whlch the opening is opened and closed,:

-and mesans for connecting the cylindrical portion to the

10
mounted in the cylinder, main valve ‘means; control means -

fluid ‘and ‘the atmosphere .to move -the piston means-to
selectively open and close the exhaust means..

-14. A fastener dnvmg apparatus.comprising a housmo‘
including a. reservoir continuously supplied with a-pres--.
surized fluid and a cylinder-having an_end exposed to.the
fluid; fastener driving means including piston ‘means slid-
ably mounted in the cylinder; main valve means normally
closing the open end of the: cylinder; control means for
separating the-cylinder and main valve means to admit .

--fluid. for driving the piston means; fluid conveying means
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10. The driving: ‘device set forth in .claim -9 ‘including *

means Tesponsive to movement of the cylinder for selec--
tively ‘ connecting . the portlon of the cylmder below ths -

. piston -to- the .atmosphere.
11 A driving device comprising ‘a housmg mcludmg

a reservoir of pressurized fluid, a cylinder movably mount-

ed on the housmg and having an end exposed to the fluid

on the housing extending ‘between the atmosphere -and:
the cylinder. at a point below the piston .means; and an-
exhaust-valve arrangement for: selectively opening -and

closing the fluid conveying-means; said exhaust valve ar-

rangement. including -a valve seat carried on the héusing,

" a movable valve member-movable-into and_ out of abutting’
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- in the reservoir, driving means including a piston slidably -

mounted in the cylinder, main valve means, control means.

. for moving the cylinder. into and out of engagement with

the main valve means to open-and close the cylinder, fluid . -

conveying means on the cylinder connectmg a portion ;of .

the cylinder below the end to the reservoir, .control valve
means carried on the cylinder for controlling the flow of
fluid through the fluid conveying means, and means for
selectively operatmg the control valve-means.

engagement with the valve seat to open and close the ex-

‘haust valve arrangement, and resilient sealing means: in-

terposed between the valve. seat and the valve member.

15.- The fastener driving apparatus set forth in claim 14 .-
in which said cylinder is. movably mounted in the housing
and in which the valve. member includes means engaged -
by the cylinder to move the valve member to a posmon

‘opening - the exhaust valve arrangement. -

16. A fastener driving apparatus,comprlsm'g a housmg

- having both a cylinder and a reservoir supplied with a

12.. A fastener driving apparatus comprising a housmg ; '

includmg a cylinder, fastener’ driving means including-a

piston slidably mounted in the cylinder, control means

for selectively supplying a pressurized fluid to the cylinder
" to drive the piston. through a single power. stroke from a
- normal position to a-displaced position, said control-means
also -including means for connecting the cy]mder to.the
atmosphere to permit the piston:to be returned from the

displaced ‘position ‘to the normal position, piston return-

_means’including a control valve.for supplying fluid to the
cyhnder to. return the piston-to-its: normal posmon and
_fluid responsive means for controlling the. operation -of

the control valve .and including a port in‘the wall of the’

cylinder adjacent the normal position:.of the pxston, the
port.being located in-the:wall of .the cyhnder to be.closed
by the piston when the piston is disposed-in the normal
position to .close -the. control valve, -the :port - being-un-

covered when the piston is moved to the displaced posi-:

tion to connect the fluid responsive means fo-the atmos-

pressurized fluid, fastener:driving means-including «drive .
piston means slidably mounted"in :the: cylinder, -control
means -for alternately connecting the upper-end of-the:
cylinder means to the atmosphere and to the fluid in the
reservoir to-drive the piston means, valve means for sup-
plying fluid to the cylinder means: below: the -drive piston
means, control piston means for moving the valve means

. between ropened -and - closed -positions, means: for: con-’
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- ‘phere to open the control valve to supply fluid to the cyhn-: :

der to return the. piston. to the normal posmon
13. A fastener d.rlvmg apparatus comprising a housing
includmg -a reservoir. supplied with a pressunzed fluid,
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main valve means secured to the housing in a fixed posi-

tion therein, a cylinder slidably mounted on the housing
and having an ‘open end exposed to the fluid i in the reser-

voir, fastener driving means including a' piston slidably:

mounted in the-cylinder, control means. for moving the
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cylinder into and out of engagement with the main valve |

means to selectively admit fluid to the cylinder; exhaust

means . including ‘an - opening communicating ~with the .

_ cylinder below the main valve means; said opening includ-

ing a cylindrical portion, piston means slidably mounted-

in the cylindrical portion of the opening and movable be-
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“tinuously applymg fluid to-the control piston means from‘
the reservoir, and means including a passage communicat-

ing with the upper end of ‘the cylinder means for"selec-

-tively connecting the ‘control piston:means: to the atmos- i

phere to control the operation-of the valve means..

-17. The: apparatus set: forth in claim 16:in whlch the‘
passage-includes a-port se]ectlvely opened and closed by
the -drive piston means:

- 18.-The fastener. driving: apparatus set forth in clalm 12,

'in, which-the fluid -responsive means -includes- a. slidably
-mounted . control - piston normally biased -to- a: position

closing the .control valve'by ‘the fluid and in :which the;
connection. of the- port tothe:atmosphere' exhausts the
fluid. acting -on - the control piston rthrough 'the - port: to
permit the control piston to open the control-valve and

“admit fluid to the- cylmder for returmng the: plston to the :

normal position.
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