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3,375,758 
FASTENER DRIVING TOOL 

Raymond F. Novak and Howard B. Ramspeck, Chicago, 
Ill., assignors to Fastener Corporation, Franklin Park, Ill., a corporation of Illinois 

Filed Sept. 13, 1966, Ser. No. 579,085 
7 Claims. (Cl. 91-356) 

ABSTRACT OF THE DISCLOSURE 
A pneumatically operated fastener driving tool is pro 

vided with suitable control mechanism to provide for 
single-cycle operation. The improved control mechanism 
may be applied to a known type of tool wherein a drive 
or power piston is slideably mounted in the cylinder of 
the tool. A control valve is provided which is actuated 
by depression of a trigger or other manual actuator to 
control the movement of the drive piston through a drive 
stroke, and thereafter automatically and sequentially to 
return the drive piston through a return stroke. The con 
trol valve is connected between the main valve control 
ling the flow of fluid to the cylinder, and receives a signal 
when the drive piston is at the end of its drive stroke 
to recondition the cylinder for the return stroke of the piston. 

an", "minim 

This invention relates to a fastener driving tool and, 
more particularly, to a fastener driving tool including 
new and improved control means, and to control means for 
a fastener driving tool. 
Commercial pneumatic fastener driving tools on the 

market today are generally of the type operated by a 
trigger actuated pilot valve that functions when the trig 
ger is depressed to move the drive piston and connected 
fastener driving blade through a power or drive stroke 
of a fastener driving operation by admission of pressurized 
fluid into the cylinder of the tool. The drive piston will 
generally remain at the end of its power stroke until the 
fluid pressure in the cylinder is released, as by exhausting 
the cylinder to the atmosphere, at which time the piston 
return means is effective to return the piston to its nor 
mal or static position. Moreover pneumatic fastener driv 
ing tools are known wherein the drive piston and driving 
blade move both down and up automatically upon de 
pression of the trigger, before the trigger is released. For 
example, one such tool is described and claimed in a co 
pending application of Howard B. Ramspeck, Ser. No. 
457,767, filed May 21, 1965, which application is as 
signed to the same assignee as the present invention. This 
snap-action or automatic single cycle piston and driving 
blade operation is desirable in many applications such as 
upholstery. stapling to prevent fraying of the material by 
the driving blade while the tool is moved along the work 
10CC. - 

p Accordingly, one object of the present invention is to 
provide a new and improved snap-acting pneumatically 
actuated fastener driving tool. 
Another object of the present invention is to provide 

a fastener driving apparatus including new and improved 
single-cycle control means for automatically and sequen 
tially returning the drive piston and driver blade after 
completion of the fastener driving operation. 
Yet another object of the present invention is to pro 

vide a new and improved pneumatically actuated fastener 
driving tool. 
Yet a further object of the present invention is the 

provision of a new and improved control valve for a 
fastener driving tool which is effective to cycle the drive 
piston and driver blade through the power and return 
strokes automatically upon depression of the trigger. 
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Yet a further object of the present invention is to pro 

vide a fastener driving apparatus having a new and im 
proved control valve which automatically and sequentially 
effects connection of the main cylinder first to a fluid 
reservoir and then to the atmosphere without the neces sity of releasing the trigger. 

In accordance with these and many other objects, there 
is provided a new and improved single-cycle control valve 
for a pneumatically operated fastener driving tool. The 
improved control valve may be applied to a known type 
of tool provided with a housing having a cavity defining a 
fluid reservoir, and having a main cylinder in the hous 
ing. A drive or power piston is slideably mounted in the 
cylinder and is actuated in its drive stroke by the com 
munication of one end of the main cylinder with the 
fluid reservoir and is thereafter automatically driven 
through a return stroke by the automatic and sequential 
exhausting of the one end of the main cylinder. The re 
turn stroke may be under the control of compressed fluid 
in a return reservoir, or fluid may be directed to the 
underside of the piston from the fluid reservoir to effect 
return of the drive piston. In a known type of fastener 
driving tool, the pressurized fluid is admitted into the 
one end of the cylinder through a main valve which may 
be a diaphragm-type poppet valve of the type described 
in detail in Patent No. 3,208,353 granted Sept. 28, 1965 
to O. A. Wandel. A trigger pilot valve is provided for 
controlling the poppet valve. 

In accordance with the present invention, the new 
and improved control valve is connected between the 
main valve and the trigger pilot valve to control the 
snap-acting motion of the fastener driving tool. The new 
and improved single-cycle control valve includes a valve 
body defining a valve cylinder having stepped diameters 
to provide at least a large diameter cylinder contiguously 
connected to a small diameter cylinder. A valve element 
is slideable in the cylinder and includes a small piston 
in the small diameter cylinder and a large piston in the 
large diameter cylinder. A first port in the end of the 
small cylinder beyond the stroke of the small piston is 
vented to the atmosphere. A second port communicating 
with the valve cylinder adjacent the step therein between 
the stroke of the large and small pistons is connected to 
the fluid reservoir. A third port, which may be in the 
form of a plurality of radial ports, is provided in the 
large diameter cylinder intermediate the stroke of the 
large piston and is connected to the poppet valve. Yet a 
fourth port extends from the end of the large cylinder 
beyond the stroke of the large piston connected to the 
trigger pilot valve. - - - - 

When the fastener driving tool is static, or at rest, pres 
surized fluid from the fluid reservoir passes through the 
trigger pilot valve, through the control valve, and to the 
main valve to maintain the main valve closed. However 
once the trigger pilot valve is depressed, the fluid from 
above the main valve is exhausted through the control 
valve and the trigger pilot valve to the atmosphere, there 
by initiating the driving stroke of the drive piston. The 
differential pressure acting on the valve element will move 
the valve element, at a rate dependent on the relative size 
of the large and Small cylinders, so as to drive the large 
piston past the ports connected to the main valve and 
thereby connecting the fluid reservoir with the main valve 
to close the main valve and to return the drive piston 
through its return stroke. Release of the trigger will re 
turn the valve element of the control valve to its static 
or at rest position so that the pressurized fluid from the 
fluid reservoir then passes through the trigger pilot valve, 
control valve and to the main valve to maintain the main 
valve in its closed position. 

In accordance with another feature of the present in 
vention, the control valve is readily adapted to a fastener 
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driving tool of the type wherein pressurized fluid from 
the fluid reservoir is directly connected to the underside 
of the piston to initiate the return stroke of the piston. To 
this end, the single-cycle control valve described above 
additionally includes an additional stepped diameter por 
tion defining an exhaust cylinder contiguous with the 
large diameter cylinder on the side thereof remote from 
the small diameter cylinder. The valve element includes 
a portion extending into the exhaust cylinder with spaced 
third and fourth pistons thereon slideably received within 
the exhaust cylinder. Port means are provided in the ex 
haust cylinder between the strokes of the pistons con 
nected directly to the fluid reservoir. Additional port 
means communicating with the lower side of the drive 
piston are provided in the exhaust cylinder intermediate 
the stroke of the fourth piston. Additional means at the 
end of the exhaust cylinder connect the exhaust cylinder 
to atmosphere. 

This latter embodiment of the single-cycle control 
valve, in addition to functioning as described above, fur 
ther vents the underneath of the drive piston to the at 
mosphere during the driving stroke, and thereafter auto 
matically and sequentially connects the fluid reservoir to 
the underside of the drive piston to return the drive piston 
to its static or at rest position. 
Many other objects and advantages of the present in 

vention will become apparent from considering the fol 
lowing detailed descriptions in conjunction with the draw 
ings in which: 

FIG. 1 is a fragmentary cross sectional view of a fas 
tener driving tool incorporating the improved single-cycle 
control valve according to the present invention and il 
lustrated with the drive piston and driver blade in its static 
or at rest position; 

FIG. 2 is a fragmentary cross sectional view of the 
fastener driving tool of FIG. 1, illustrated with the drive 
piston and driver blade completing the drive stroke; 

FIG. 3 is a fragmentary cross sectional view of the 
fastener driving tool of FIG. 1, illustrated with the drive 
piston and driver blade completing its return stroke prior 
to the release of the trigger pilot valve; 

FIG. 4 is a cross sectional detail view taken along line 
4-4 of FIG. 1; 

FIG. 5 is a fragmentary cross sectional view of the 
control valve mechanism of the fastener driving tool of 
FIG. 1, drawn to a larger scale, and illustrated in a static 
or at rest position; 

FIG. 6 is a fragmentary cross sectional view of the 
control mechanism of FIG. 5, illustrated during the driv 
ing stroke; 

FIG. 7 is a fragmentary cross sectional view of the 
control mechanism of FIG. 5, illustrated during the re 
turn stroke of the drive piston and driver blade prior to 
the release of the trigger pilot valve; 

FIG. 8 is a fragmentary cross sectional view of a modi 
fied fastener driving tool incorporating an improved sin 
gle-cycle control valve according to the present invention 
having an additional feature and illustrated with the drive 
piston and driver blade during the driving stroke thereof; 
and 

FIG. 9 is a fragmentary cross sectional view of the 
fastener driving tool of FIG. 8, illustrated with the drive 
piston and driver blade in its return stroke prior to the 
release of the trigger pilot valve. 

Referring now to the drawings, there is fragmentarily 
illustrated a fastener driving tool, generally illustrated as 
10, which embodies the present invention. The tool 10 
may be of known construction and, as illustrated, com 
prises a housing 12 including a generally vertically ex 
tending head or forward portion 12a and a rearwardly 
extending hollow handle portion 12b defining a fluid res 
ervoir 16. Pressurized fluid, such as compressed air, is 
supplied to the fluid reservoir 16 of the tool by a suitable 
flexible line. The drive system for the tool 10 includes 
a main or power cylinder 18 mounted within the head 
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4 
portion 12a and having an open upper end 18a that is 
adapted to be selectively connected to the reservoir 16. 
The open upper end of the cylinder 18 is normally in 
engagement with a diaphragm-type main or cylinder valve 
assembly 20, here shown of the poppet type, under the 
control of a safety or touch-trip valve assembly 22, a trig 
ger pilot valve assembly 24, both of known design, and 
a snap-acting or single-cycle control valve assembly 25 
according to the present invention. A fastener driving as 
sembly 27 includes a power or drive piston 26 slideably 
mounted within the cylinder 18 having connected thereto 
a depending driver blade member 28. The driving blade 
assembly 27 is normally biased to a position with the pis 
ton 26 adjacent the main valve 20. An exhaust valve as 
Sembly indicated generally as 32 is provided for control 
ling the selective connection of the upper end of the cylin 
der 18 to the atmosphere. 
When the tool 10 is to be operated, the safety valve 

assembly 22 and the trigger pilot valve assembly 24 are 
closed so that compressed fluid from the reservoir 16 
enters the upper end of the cylinder 18 and drives the 
fastener driving assembly 27 downwardly to engage and 
Set a fastener or nail supplied to a drive track 36 in a 
nosepiece or nosepiece structure 38. The flow of com 
pressed fluid into the upper end of the cylinder 18 is 
controlled by the main valve assembly 20, which includes 
a diaphragm 40, the periphery of which is clamped be 
tween a cap 42 and the head portion 12a of the housing 
12 and which seats against the upper edge 18a of the cyl 
inder 18. The diaphragm 40 is resiliently biased against 
the upper edge surface 18a by a spring 44 located be 
tween the cap 42 and the diaphragm 40. The cylinder 
side of the diaphragm 40 is continuously in communica 
tion with the fluid reservoir 16 through a suitable pas 
sageway 46 so that pressurized fluid continuously acts 
against the cylinder side of the diaphragm 40 tending to 
displace the diaphragm 40 from the edge 18a of the cyl 
inder 18. However pressurized fluid is also introduced to 
the opposite sides of the diaphragm 40 through a pas 
Sageway 48 when the fastener driving tool 10 is in a 
static or at rest position. The differential pressure acting 
on the diaphragm 40 is effective to maintain the dia. 
phragm 40 in a closed position, as illustrated in FIG. 1. 
However, if the pressurized fluid above the diaphragm 
40 is discharged, the pressurized fluid acting through pas 
Sageway 46 is effective to unseat the diaphragm 40 from 
the edge 18a of the cylinder 18 to dump pressurized fluid 
into the top of the main cylinder 18 and to drive the drive 
piston 26 through a drive stroke. 
When the fastener driving tool is at rest, or during the 

return Stroke of the drive piston, the upper open end of 
the cylinder 18 is exhausted to the atmosphere through 
the exhaust valve assembly 32. In the illustrated embodi 
ment the exhaust valve assembly comprises a hollow 
valve stem 50 secured to the diaphragm and connecting 
the upper end of the cylinder 18 to atmosphere through 
a Suitable exhaust passageway 52. However when the 
drive piston is operated through a fired or drive stroke, 
it is necessary for the upper end of the cylinder 18 to be 
closed, and to this end there is provided a valve seat 54 
disposed adjacent the end of the valve stem 50 remote 
from the cylinder 18 and adapted to be engaged by the 
valve stem 50 when the diaphragm 40 is raised at the 
initiation of a drive stroke, thereby closing off the upper 
end of the cylinder 18 to the atmosphere. 
To provide for the return drive of the fastener driving 

assembly 27, there is provided an air return chamber 60 
communicating with the lower end of the cylinder 18 
through a plurality of ports 62. Moreover the drive pis 
ton 26 is provided with suitable one way valve means to 
provide pressurized fluid to the air return chamber 60 
during the driving stroke thereof. To this end, the piston 
26 is provided with a suitable groove 64 in its side wall 
containing a suitable sealing means such as the O-ring 66. 
A Suitable recess 68, best illustrated in FIG. 4, defines a 
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fluid bypass around the O-ring 66 as the piston moves 
through its drive stroke. More specifically, when the 
pressure above the piston 26 is greater than the pressure 
in the cylinder 18 below the piston 26, the O-ring 66 will 
be driven against the bottom of the groove 64, permitting 
a blowby or bypass of pressurized fluid through the re 
cess 68. This bypass of pressurized fluid will pass through 
the port 62 into the air return chamber 60 to provide 
pressurized fluid for the return of the piston 26 to its 
static position. Once the main valve assembly 20 has 
closed to cut off the pressurized fluid from above the pis 
ton 26 and to exhaust the cylinder 18 above the piston 
26 to the atmosphere through the exahuast valve assem 
bly 32, the O-ring 66 will be driven against the top edge 
of the groove 64 to provide a positive seal. At that time 
the pressurized fluid in the air return chamber 60 will 
return the piston 26 to its static position. Subsequent 
thereto, there is sufficient leakage around the driver blade 
28 so that the pressurized fluid below the piston 26 will 
leak to atmosphere thereby preparing the tool 10 for the 
next fastener driving operation. 

Referring now to FIGS. 5, 6, and 7, there is illustrated 
the improved single cycle control valve assembly 25 shown 
in conjunction with the safety valve assembly 22 and the 
trigger pilot assembly 24. It will be understood, of course, 
that the control valve assembly 25 is equally applicable 
to a fastener driving tool which is not provided with the 
safety valve assembly 22. However, referring to the illus 
trated embodiment, it will be understood that the safety 
valve assembly 22 includes a valve stem 70 having a 
notched or recessed diameter portion 70a adjacent its 
upper end which is slidably received within a sleeve 72 
to define a valve chamber 74 closed at its ends. A first 
port 76 is provided in the valve chamber 74 in communi 
cation with the safety valve assembly 22 and which is 
normally in communication with the reservoir 16 through 
a reservoir port 78. When the tool 10 is moved into en 
gagement with the workpiece, the valve stem 70 is moved 
upwardly so that the upper end of the stem 70 closes off 
the reservoir port 78 and thereby closes off direct com 
munication between the reservoir port 78 and the port 76. 
The same movement of the valve stem 70, however, places 
the port 76 in communication with a pilot valve port 80. 
The trigger pilot valve assembly 24 is of known design 

and includes a valve chamber 84 having opposed valve 
ports 86 and 88 defining valve seats alternately engage 
able by a valve element here illustrated as a ball valve 
90. The valve port 86 communicates between the valve 
chamber 84 and the reservoir 16, while the valve port 88 
exhausts the valve chamber 84 to the atmosphere when 
the ball valve 90 is unseated therefrom. To actuate the 
ball valve 90, there is provided a suitable rod actuator 92 
operated by a suitable trigger 94 (FIGS. 1, 2, and 3) So 
that when the fastener driving tool is at rest, the ball 
valve 90 is seated against the valve port 88, and when the 
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102 defines a large piston. A first port 112 near the end 
of the small diameter cylinder 104 beyond the stroke 
of the small piston 108 defines a vent port venting the 
small diameter cylinder 104 to the atmosphere. A sec 
ond port 114 communicates between the reservoir 16 
and the portion of the valve cylinder 100 adjacent the 
step therein so as to open between the strokes of the 
pistons 108 and 110. A third port here shown as a plu 
rality of radial ports 116 in the valve cylinder 100 po 
sitioned intermediate the stroke of the large piston 110 
connects with the passageway 48. Yet an additional port 
118 beyond the travel of the large piston 110 commu 
nicates with the port 76 in the safety valve assembly 22 
to provide a connection between the safety valve assem 
bly 22 and the control valve assembly 25. 
From the above brief description of the invention the 

operation thereof is believed clear. However, briefly, it will 
be understood that the single cycle control valve 25 is op 
erated in series with the main valve 20. Fluidized pres 
sure to control the main valve 20 passes through the con 
trol valve 25; likewise air bled from the main valve 20 
also bleeds the air from under the large diameter piston 
110 of the control valve 25. More specifically, referring to 
FIGS. 1 and 5, it will be understood that when the fast 
ener driving tool 10 is static or at rest, and the valve stem 
70 is not in engagement with the workpiece, pressurized 
fluid will be directed above the diaphragm 40 of the main 
valve assembly 20 to hold the main valve assembly closed 
by passing through the port 78 into the valve chamber 74, 
through the port 76 and into the large diameter cylinder 
102 of the control valve 25, then passing through the ports 
116 and the passageway 48 to the main valve assembly 20. 
Engagement of the valve stem 70 with the workpiece 
changes the source of pressurized fluid from the port 78 
through the valve port 86 of the trigger pilot valve, but 
does not affect the pressure loading on the main valve as 
sembly 20. 
To fire the tool 10, the trigger 94 is depressed so that 

the reservoir 16 is shut off, and the pressurized fluid above 
the main valve assembly 20 is exhausted to atmosphere 
first through the passageway 48 and the ports 116, then 
through the ports 118 and the port 76 into the safety valve 
assembly, then through the port 80 of the safety valve as 
sembly and the port 96 of the trigger pilot valve assembly 
to be exhausted through the valve port 88. This exhaust 
of air from above the main valve assembly 20 is effective 
to cause the diaphragm 40 to snap upwardly, dumping the 
air from the reservoir 16 into the upper end of the cylin 

50 

55 
trigger 94 is depressed, the ball valve 90 closes the valve 
port 86. Additionally the pilot valve port 80 on the safety 
valve assembly 22 communicates with the valve chamber 
84 intermediate its length through a port 96. It will be 
understood that in the operation of the trigger pilot valve 
wnen the trigger 94 is released the port 96 is in com 
munication with the reservoir 16 through the valve port 
86; but when the trigger 94 is depressed unseating the ball 
from the valve port 88 and closing the valve port 86, the 
port 96 is exhausted to the atmosphere. : 

Referring now to the improved control valve in ac 
cordance with the present invention, the valve 25 in 
cludes a valve cylinder 100 having a stepped portion to 
provide a large diameter cylinder 102 and a small di 
ameter cylinder 104. Slidably positioned within the valve 
cylinder 100 is a valve element 106. A first O-ring 108 
on the valve element 106 defines a small piston slideably 
received within the small diameter cylinder 104 and a 
second O-ring 110 on the portion of the valve element 
106 slideably received within the large diameter cylinder 
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der 18 above the piston 26 and driving the piston 26 
through a power stroke. Simultaneously with the driving 
of the piston 26, the valve element 106 in the control valve 
25 is driven downwardly, at a rate dependent on the dif 
ferential diameters between the large and small pistons 
110 and 108, as indicated in FIGS. 2 and 6. At the same 
time it will be understood that pressurized fluid which by 
passes around the O-ring 66 of the piston 26 through the 
recess 68 will build up into a pressurized fluid in the air 
return chamber 60 so as to provide a return force for 
the piston 26. - 
To provide a snap action return of the piston 26 and 

driver blade 28 sequentially upon its reaching the bottom 
of its drive stroke, the valve element 106 of the control 
valve assembly 25 will reach the bottom of its stroke where 
the piston 110 passes over the port 116 thereby closing off 
further exhaust of pressurized fluid from above the main 
valve assembly 20, as indicated in FIGS. 3 and 7, and con 
necting the top of the main valve assembly in communi 
cation with the reservoir 16 through the passageway 48, 
port 116, valve cylinder 100, and the second port 114. This 
will close the diaphragm 40 against the upper edge 18a 
of the power cylinder and simultaneously will exhaust 
the upper end of the cylinder 18 to the atmosphere 
through the exhaust valve assembly 32, causing the pres 
surized fluid in the air return chamber 60 to return the 
piston 26 to its static or at rest position. 



3,375,758 
7 

As soon as the trigger 94 is released, the ball valve 90 
will reseat itself against the valve port 88 and the pres 
surized fluid against the top of the diaphragm 40 is main 
tained either through the port 78 when the valve stem 70 
is not depressed, or through the valve port 86 and the trig 
ger pilot valve 24 when the valve stem 70 is depressed by 
engagement with a workpiece. 
As previously indicated, the safety valve assembly 25 

may be adapted to various types of poppet valves and re 
turn mechanisms. Moreover the control valve 25 may be 
used with or without the safety valve 22. The embodiment 
of the invention illustrated in FIGS. 8 and 9 illustrates a 
modified form of snap-acting control valve 126 applied to 
a modified form of fastener driving tool 128 having a dif 
ferent type of piston return arrangement. Since the fast 
ener driving tool 128 in many respects is similar to the 
fastener driving tool 10 heretofore described, similar parts 
of both fastener driving tools will be represented by the 
same reference numerals. 

Referring now to the embodiment of FIGS. 8 and 9, 
there is illustrated a fastener driving tool 128 including a 
housing 130. The housing 130 is provided with a forward 
vertical head portion 130a and a rearward or handle por 
tion 130b defining a fluid reservoir 132. As heretofore de 
scribed, the head portion 130a contains the main cylinder 
18 having its upper end closed by the main valve assem 
bly 20. The conventional trigger pilot valve assembly 24 
is provided for initiating the power stroke of the tool 128. 
As heretofore described, the fastener driving assembly 27, 
including the drive piston 26 and the driver blade 28 are 
slideably mounted within the power cylinder 18. The ex 
haust valve assembly 32 provides for controlling the ex 
haust of the upper end of the cylinder 18 to the atmos 
phere. 
The main valve assembly 20 controls the power stroke 

of the fastener driving assembly 27 in like manner as 
heretofore described. More specifically the main valve 
assembly 20 includes the diaphragm 40 having its 
peripheral edges clamped between the cap 42 and the 
edge of the head portion 130a of the housing 130. More 
over the diaphragm 40 closes against the upper edge 18a. 
of the cylinder 18 when the tool 128 is in the static posi 
tion. The diaphragm 40 is urged to the closed position 
by the spring 44. The passageway 46 connects the un 
derside of the diaphragm 40 with the fluid reservoir 132. 
An additional passageway 48 connects the upper side 
of the diaphragm 40 with the control valve 126 accord 
ing to the present invention. Moreover it is understood 
that the exhaust valve assembly 32 includes the hollow 
valve stem 50 which communicates with the atmosphere 
through an exhaust passageway 52 in the cap 42 of the 
tool 128. As heretofore described the hollow valve stem 
50 is seatable against the valve seat 54 when the dia 
phragm 40 is raised off the edge 18a of the cylinder 18 
to close the exhause valve assembly 32. 
To provide for the return force of the fastener driving 

assembly 27, and to exhaust the air from below the drive 
piston 26 during the driving stroke, the lower end of 
the main cylinder 18 is provided with a plurality of 
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ports 134 communicating with the control valve 126. 
During the driving stroke of the fastener driving assembly 
27, fluid from below the drive piston 26 is exhausted to 
atmosphere through the exhaust ports 134 and control 
valve 126. Upon completion of the stroke of both fasten 
er driving assembly 27 and control valve assembly 126 
the exhaust ports 134 admit pressurized fluid from the 
reservoir 132 to provide for the return stroke of the 
drive piston 26. 

Referring now to the control valve assembly 126 ac 
cording to the present invention, the control valve as 
sembly 126 is similar to the control valve assembly 25 
heretofore described, but with an additional chamber 
and elongated stem to provide for exhaust and control of 
pressurized fluid below the drive piston 26. Accordingly, 
there is provided a valve cylinder 136 having the large 
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diameter cylinder 102 and the small diameter cylinder 
104 as heretofore described, and additionally provided 
with an additional stepped diameter portion defining a 
small exhaust cylinder 138 contiguous with the large 
diameter cylinder 102 and, in the illustrated embodiment, 
on the side thereof remote from the small diameter cy 
linder 104. As the control element of the controi valve 
assembly 126, there is provided a modified valve ele 
ment 140, similar in some respects to the valve element 
106 in that it is provided with an O-ring 108 defining a 
small piston slideably received within the Small diameter 
cylinder 104, and is further provided with the O-ring 
110 defining the large piston slideably received within the 
large diameter cylinder 102. Additionally the valve ele 
ment 140 has a portion extending into the exhaust cy 
linder and provided with a pair of spaced O-rings 142 
and 144 each defining a piston slideably received within 
the exhaust cylinder 138. In like manner as heretofore 
described in connection with the embodiment of FIGS. 
1 through 7, the control valve assembly 128 is provided 
with the first or vent port 112 adjacent the closed end 
of its small cylinder 102, beyond the stroke of the small 
piston 108 and is provided with an additional port 114 
communicating directly with the fluid reservoir 132 and 
intermediate the length of the strokes of the pistons 
108 and 110, and additionally the third port 116 connects 
the passageway 48 with the large diameter cylinder 102 
intermediate the length of the stroke of the piston 110, 
while the fourth port 118 connects the end of the large 
diameter cylinder 102 to the valve chamber 84 in the 
trigger pilot valve assembly 24. In addition to the ports 
heretofore described, the exhaust cylinder 138 contains 
a fifth port 146 in communication with the fluid reservoir 
132 and extending from the side wall of the exhaust 
cylinder 138 intermediate the strokes of the respective 
pistons 142 and 144. Additionally a sixth port 148 com 
municates with the lower end of the power cylinder 
18 through the exhaust ports 134 therein and extends 
through the side wall of the exhaust cylinder 138 inter 
mediate the length of the stroke of the end piston 144. 
The lower end of the exhaust cylinder 138 defines an 
additional port 150 exhausted to the atmosphere. 

For controlling the operation of the tool 128, there 
is provided the trigger pilot valve assembly 24 in like 
manner as that heretofore described in the embodiment 
of FIGS. 1 through 7 and including the valve chamber 
84 defining a valve port 86 in communication with the 
fluid reservoir 132 and an additional valve port 88 ex 
hausting to atmosphere. A ball valve is alternately seat 
able against the valve ports 86 and 88 in response to 
movement by an actuator 92 upon depression or release 
of the trigger 94. The additional port 96 extends from 
the valve chamber 84 intermediate the movement of the 
ball valve 90 and communicates with the end of the 
large diameter cylinder 102 through the port 118. 

In view of the above detailed description of the im 
proved fastener driving tool 128, its operation is believed 
clear. However, briefly, it will be understood that the 
operation of the fastener driving tool 128 is similar to 
that of the fastener driving tool 10 described in the em 
bodiments of FIGS. 1 through 7, except for the method 
of piston return and the exhaust of the cylinder 18a 
below the piston 26 during the power or driving stroke. 
Accordingly, only this aspect of the fastener driving 
tool 128 is herein further described. As is herein apparent, 
driving of the piston 26 through its power or drive stroke 
is effective to exhaust the fluid from below the piston 
26 through the exhaust ports 134 in the cylinder 18, 
through the port 148 into the exhaust cylinder 138 of 
the control valve assembly 126 and to atmosphere through 
the port 150 thereof. However, as the piston 26 reaches 
the lower end of its stroke, the piston 144 passes over 
the opening of the ports 148 in the exhaust cylinder 138, 
thereby closing the exhaust ports 148 from communica 
tion with the atmosphere and connecting the exhaust 
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ports 148 to the fluid reservoir 132 through the ports 
146. Pressurized fluid will now enter through the ports 
146, pass through the body of the exhaust cylinder 138 
and into the port 148 to be directed through the exhaust 
ports 134 in the lower end of the power cylinder 18 to 
return the piston 26 upwardly to its static or at rest position. 

Advantageously the embodiment of FIGS. 8 and 9 
eliminates the air return chamber of the drive System 
thereby permitting for a small and more compact tool. 
Moreover there is a slight increase in the drive power by 
eliminating the air cushion which necessarily builds up 
under the drive piston during the drive stroke. The rapid 
return of the driver blade permits movement of the gun 
across fabric or other work surface without the danger 
of having the driver catch and snag the material. More 
over there may be provided a greater driver blade pro 
trusion in the fired position, allowing for a fastener to 
be driven flush into a workpiece without applying pres 
sure to the gun and with a very minimum of recoil. 
Although the present invention has been described by 

reference to several embodiments thereof, it will be ap 
parent that numerous other modifications and embodi 
ments may be devised by those skilled in the art and it 
is intended by the appended claims to cover all modifica 
tions and embodiments which will fall within the true 
spirit and scope of the present invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A pneumatically operated fastener driving tool com 

prising a housing having a cavity defining a fluid reser 
voir, a cylinder in said housing, a piston slideably mounted 
in said cylinder, diaphragm valve engaging one end of 
said cylinder for controlling the admission of fluid to 
and the exhaustion of fluid from said one end of the 
cylinder, control valve means connected to said dia 
phragm valve automatically operable upon initiation 
through a single-cycle for controlling the position of said 
diaphragm valve means to automatically and sequential 
ly cycle said diaphragm valve first to open to connect 
said one end of the cylinder to the reservoir and there 
after to automatically exhaust said one end of the cylinder, 
and pilot valve means for initiating the operation of said 
cycle of said control valve means. 

2. A pneumatically operated fastener driving tool com 
prising a housing having a cavity defining a fluid reser 
voir, a main cylinder in said housing, and a drive piston 
in said cylinder, cylinder valve means for controlling the 
admission and exhaust to said one end of said cylinder, 
single-cycle control valve means connected to said cylinder 
valve means automatically controlling the position of said 
cylinder valve means to sequentially cycle said cylinder 
valve means first to open to connect said one end of 
said main cylinder to the said reservoir and thereafter 
to exhaust said one end of said main cylinder, said con 
trol valve including a valve body defining a valve cylinder 
having stepped diameters to provide a large diameter 
cylinder contiguously connected to a small diameter cyl 
inder, a valve element slideable in said valve cylinder 
and including first means defining small piston means 
in said small diameter cylinder and second means defin 
ing large piston means in said large diameter cylinder, 
first port means in the end of said small cylinder re 
mote from said large cylinder and vented to the atmos 
phere, second port means adjacent the stepped portion 
of said control valve intermediate the strokes of said 
pistons communicating with said fluid reservoir, third port 
means in said large diameter cylinder intermediate the 
stroke of said large piston means communicating with 
said cylinder valve means, and fourth port means in the 
end of said large cylinder remote from said small cyl 
inder, and pilot valve means connected to the last men 
tioned port means for initiating the operation of said 
control valve and adapted sequentially to connect said 
last mentioned port means first to the fluid reservoir 
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10 
and, upon actuation, to exhaust said last mentioned port 
to the atmosphere. 

3. A pneumatically operated fastener driving tool as 
set forth in claim 2 above wherein said cylinder valve 
means includes a diaphragm means extending across 
said one end of said main cylinder having one side there 
of engageable with said main cylinder controlling the 
flow of fluid into said one end and having the periphery 
of said one side of said diaphragm exposed to fluid from 
said fluid reservoir, and said cylinder valve means further 
including a hollow valve stem secured to said diaphragm 
and connecting said one end of said cylinder to the 
atmosphere, and a valve seat disposed adjacent the end of 
said valve stem remote from said cylinder adapted to be 
engaged by the valve stem when the diaphragm is re 
leased to close off said one end of said cylinder, and 
wherein said third port of said control valve means is 
connected to the other side of said diaphragm means 
so that upon exhaust of said one other of said diaphragm 
means, said diaphragm raises off said one end of said 
power cylinder to admit pressurized fluid from said reser 
voir into said one end of said cylinder, and subsequent 
admission of pressurized fluid to said other side of said 
diaphragm means is effective to sequentially exhaust the 
fluid from said one end of said cylinder to permit said 
power piston to return to its at rest position. 

4. A pneumatically operated fastener driving tool as set 
forth in claim 2 above wherein said main cylinder includes 
exhaust port means adjacent its other end, and wherein 
said control valve additionally includes an additional 
stepped diameter portion defining an exhaust cylinder 
contiguous with said valve cylinder, and said valve ele 
ment extends into said exhaust cylinder, and wherein 
said valve element is provided with third and fourth 
means defining third and fourth spaced piston means, 
said exhaust cylinder being provided with a fifth port 
means intermediate the length of the strokes of said 
third and fourth piston means and communicating with 
said fluid reservoir, and wherein said exhaust cylinder 
is provided with sixth port means communicating with 
said exhaust port means in said other end of said main 
cylinder and communicating with the exhaust cylinder 
intermediate the stroke of said fourth piston, and where 
in the end of said exhaust cylinder beyond the stroke 
of siad fourth piston means is provided with additional 
port means exhausting to the atmosphere. 

5. A pneumatically operated fastener driving tool com 
prising a housing having a cavity defining a fluid reser 
voir, a cylinder in said housing, a piston slideably mounted 
in said cylinder, cylinder valve means for controlling 
the admission of fluid to and the exhaustion of fluid from 
one end of the cylinder and held closed by the pressure 
of fluid from said reservoir acting against one surface 
thereof and is opened by the exhaust of fluid from said 
one surface, control valve means connected to said cyl 
inder valve means automatically controlling the posi 
tion of said cylinder valve means to sequentially cycle 
said cylinder valve means first to open to connect said 
one end of the cylinder to the reservoir and thereafter 
to exhaust said one end of the cylinder, and pilot valve 
means for initiating the operation of said control valve 
IleanS. 

6. A pneumatically operated fastener driving tool com 
prising a housing having a cavity defining a fluid reser 
voir, a cylinder in said housing, a piston slideably mounted 
in said cylinder, cylinder valve means for controlling 
the admission of fluid to and the exhaustion of fluid from 
one end of the cylinder, said cylinder valve means including 
diaphragm means extending across said one end of said 
cylinder having one side thereof engageable with said 
cylinder controlling the flow of fluid into said one end 
and having the periphery of said one side of said dia 
phragm exposed to fluid from said fluid reservoir and 
further including a hollow valve stem secured to said 
diaphragm and connecting said one end of said cylinder 
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to atmosphere, and a valve seat disposed adjacent the 
end of said valve stem remote from said cylinder adapted 
to be engaged by the valve stem when the diaphragm is 
raised to close off said one end of said cylinder, control 
valve means connected to said cylinder valve means 5 
automatically controlling the position of said cylinder 
valve means to sequentially cycle said cylinder valve 
means first to open to connect said one end of the cyl 
inder to the reservoir and thereafter to exhaust said one 
end of the cylinder, and pilot valve means for initiating 
the operation of said control valve means, said control 
valve means being connected to admit pressurized fluid 
from said reservoir to the other side of said diaphragm 
means and upon actuation of said pilot valve means to 
automatically and sequentially first exhaust the fluid from 
said other side of said diaphragm means and thereafter 
to connect said other side of said diaphragm means to 
said fluid reservoir to cycle said power piston through a 
driving and return stroke. 

7. A pneumatically operated fastener driving tool com 
prising a housing having a cavity defining a fluid reser 
voir, a cylinder in said housing, a piston slideably mounted 
in said cylinder, cylinder valve means for controlling 
the admission of fluid to and the exhaustion of fluid from 
one end of the cylinder, control valve means connected 
to said cylinder valve means automatically controlling 
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12 
the position of said cylinder valve means to sequential 
ly cycle said cylinder valve means first to open to con 
nect said one end of the cylinder to the reservoir and 
thereafter to exhaust said one end of the cylinder, and 
pilot valve means for initiating the operation of said 
control valve means, said control valve being further 
connected sequentially to exhaust said cylinder below 
Said piston to the atmosphere, and thereafter automatical 
ly and sequentially to connect said lower end of said cyl 
inder to the fluid reservoir to provide the power for the 
return stroke of the piston. 
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