EP 0 705 664 A1

Europédisches Patentamt
European Patent Office

Office européen des brevets

(19) _o)

(11) EP 0705664 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
10.04.1996 Bulletin 1996/15

(21) Application number: 95306808.7

(22) Date of filing: 27.09.1995

(51) Intcl1.6: B25C 1/04

(84) Designated Contracting States:
DE FR GB IT SE

(30) Priority: 06.10.1994 US 319187

(71) Applicant: ILLINOIS TOOL WORKS INC.
Glenview, lllinois 60025-5811 (US)

(72) Inventors:
* McGreal, Timothy R.
Chicago, lllinois (US)

®* Ronn, John C.
Norridge, lllinois (US)
* Wolfberg, Robert L.
Buffalo Grove, lllinois (US)
* Tacke, Horst
D-61118 Bod-Vilbel (DE)

(74) Representative: Rackham, Stephen Neil
GILL JENNINGS & EVERY,
Broadgate House,
7 Eldon Street
London EC2M 7LH (GB)

(54) Pneumatically powered fastener driving tool

(57) A pneumatically driven, fastener-driving tool

(10), has a housing structure (12) with an upper chamber
(16), and a tubular cylinder (30) mounted within it. A driv-
ing piston (40) is movable axially within the cylinder (30),
between an upper position and a lower position, and a
valve member (50) is movable axially within the housing
structure (12), above the cylinder (30), between an upper
position and a lower position. The valve member (50) has
an upper surface facing the upper chamber (16). A seal-
ing member (80) is arranged to provide a seal between
the sealing member (80) and the valve member (50) un-
der certain conditions and to provide seal between the
sealing member (80) and the cylinder (30) under other
conditions. An annular, elastomeric member (100) locat-
ed within the upper chamber (16) of the housing structure
(12) is engaged with the lower surface (18) of the upper
portion (14) of the housing structure (12) and with the
upper surface of the valve member (50) for biasing the
valve member (50) downwards to its lower position, for
permitting the valve member to be upwardly moved to
its upper position, and for functioning as a bumper be-
tween the valve member (50) and the upper portion (14)
of the housing structure (12) when the valve member

(50) moves upwards.
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Description

This invention pertains generally to an improved,
pneumatically powered, fastener-driving tool, such as a
nail-driving tool or a staple-driving tool, of a type having
a valve member for controlling a driving piston.

Pneumatically powered, fastener-driving tools of the
type noted above are available commercially from ITW
Paslode (a unit of lllinois Tool Works Inc.) of Lincolnshire,
lllinois, under the PASLODE trademark. PASLODE
5300C Series Nailers exemplify those tools.

Typically, as illustrated and described in a Service
Manual published by ITW Paslode, copyright 1989, for
PASLODE 5300C Series Nailers, a coil spring is used to
bias a valve piston in one axial direction and to permit
the valve piston to be axially moved in an opposite direc-
tion. Moreover, as illustrated and described therein,
O-rings are used to provide seals between the valve pis-
ton and the housing structure.

Typically, the coil spring is made from steel, the valve
piston is made from a polymeric material, such as nylon
6/6, and the housing structure and other co-acting ele-
ments including an upper cap, against which the coil
spring bears, are made from another metal, such as an
aluminum or magnesium alloy. Therefore, galvanic cor-
rosion tends to occur between the coil spring and the
housing structure, particularly atthe upper cap. Galvanic
corrosion tends to produce oxide particles, which tend to
abrade the O-rings. Moreover, high acceleration is im-
parted to the coil spring, which tends to be readily broken
so as to damage the upper cap. Consequently, the coll
spring, the upper cap, and the O-rings must be frequently
replaced to maintain such a tool in prime operating con-
dition.

According to this invention, a pneumatically driven,
fastener-driving tool comprises:

(a) ahousing structure defining a downwardly open-
ing, upper chamber, the housing structure having an
upper portion with a lower surface facing the upper
chamber;

(b) a tubular cylinder mounted fixedly within the
housing structure;

(¢) a driving piston movable axially within the cylin-
der, between an upper position and a lower position;
and

(d) a valve member movable axially within the hous-
ing structure, above the cylinder, between an upper
position and a lower position, the valve member hav-
ing an upper surface facing the upper chamber; and
(e) means including an annular, elastomeric mem-
ber located within the upper chamber of the housing
structure and engaged with the lower surface of the
upper portion of the housing structure and with the
upper surface of the valve member for biasing the
valve member downwards to its lower position, for
permitting the valve member to be upwardly moved
to its upper position, and for functioning as a bumper
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between the valve member and the upper portion of
the housing structure when the valve member is
moved upwards.

An improved tool according to this invention does
not employ a coil spring to bias a valve member, such as
a valve piston, in one axial direction and to permit the
valve member to be axially moved in an opposite direc-
tion, as discussed above. Rather, it uses an elastomeric
member, which does not engender galvanic corrosion
and which also functions as a bumper between the valve
member and the housing structure. Functioning as a
bumper between the valve member and the upper por-
tion of the housing structure when the valve member is
moved upwardly, the elastomeric member performs an
additional function that the coil spring discussed above
does not perform adequately.

Preferably, the upper portion of the housing struc-
ture has an radially inwardly facing, cylindrical wall facing
the upper chamber. Thus, an O-ring is seated in an an-
nular groove and engages the valve member so as to
provide an annular seal as the valve member is moved
between the upper and lower positions of the valve mem-
ber. Preferably, moreover, the downwardly opening, up-
per chamber is annular, and the valve member has an
annular portion, which has an outer, cylindrical wall en-
gaged by the O-ring noted in the preceding sentence and
which has an inner, cylindrical wall.

Preferably, furthermore, the upper portion of the
housing structure has a radially outwardly facing, cylin-
drical wall facing the upper chamber. Thus, an O-ring is
seated in an annular groove in the outwardly facing, cy-
lindrical wall and engages the inner wall of the annular
portion of the valve member so as to provide an inner
seal as the valve member is moved between the upper
and lower positions of the valve member.

The valve member may be advantageously made
from a polymeric material, such as an acetyl polymer,
and the co-acting elements of the housing structure may
be advantageously made from an aluminum or magne-
sium alloy. Thus, the valve member has an inherent lu-
bricity, which reduces and minimizes wear and tear on
each O-ring engaging the valve member.

In one contemplated embodiment of the improved
tool, the valve member has an upper, annular portion
with an outer, cylindrical wall and with an inner, cylindrical
wall and having a lower, tubular portion. The upper por-
tion of the valve member has an upper surface facing the
upper chamber and a lower surface facing the annular
chamber. The lower portion of the valve member has an
upper, tubular wall and a lower, annular flange, which has
an upper surface.

In the foregoing embodiment of the improved tool, a
sealing member having an upper, tubular wall and a low-
er, annular flange is movable between a lower position
and an upper position. The upper wall of the sealing
member surrounds the upper wall of the lower portion of
the valve member. The lower flange of the sealing mem-
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ber surrounds the lower flange of the lower portion of the
valve member and is provided with a lower, annular, seal-
ing lip conforming to an upper, annular, sealing lip of the
cylinder. In the lower position, the sealing lip of the seal-
ing member and the sealing lip of the cylinder respec-
tively are engaged with each other so as to provide an
annular seal. In the upper position, the sealing lips are
disengaged from each other.

The lower flange of the sealing member has an up-
per surface with an effective surface area, as viewed
downwardly along the axis, which is smaller than the ef-
fective surface area of the lower surface of the upper por-
tion of the valve member, as viewed upwardly along the
axis. The lower flange of the sealing member has a lower
surface conforming to the upper surface of the lower
flange of the lower portion of the valve member so as to
provide an annular seal if the conforming surfaces of the
sealing member and the valve member respectively are
engaged with each other.

A preferred embodiment of this invention will now be
described with reference to the accompanying drawings,
in which:-

Figure 1 is a partly broken away, elevational view of
an improved, pneumatically powered, fastener-driv-
ing tool constituting a preferred embodiment of this
invention;

Figures 2, 3, and 4, on a slightly larger scale, are
fragmentary views, which are similar to Figure 1 but
which show certain elements of the improved tool in
successively changed positions; and

Figure 5 is a fragmentary, cross-sectional view of
certain elements of the improved tool.

As shown in Figure 1 and other views, an improved,
pneumatically powered, fastener-driving tool 10 consti-
tutes a preferred embodiment of this invention. In many
respects, the improved tool 10 is similar to known tools,
as exemplified by PASLODE 5300C Series Nailers dis-
cussed above. However, in addition to numerous other
improvements, the improved tool 10 differs markedly
from known tools in that the improved tool 10 employs
an elastomeric member for biasing a valve member in
one axial direction, permitting the valve member to be
axially moved in an opposite direction, and for function-
ing as a bumper between the valve member and a hous-
ing structure of the improved tool 10.

As employed herein and in the claims, directional
terms such as "upwardly", "downwardly’, "upper", and
"lower" refer to the improved tool in a convenient orien-
tation and are not intended to restrict this invention to
any particular orientation of the improved tool 10.

Generally, the improved tool comprises a housing
structure 12, which includes various assembled ele-
ments including an upper, removable cap 14 defining an
annular, downwardly opening, upper chamber 16. Pref-
erably, the housing structure 12 is made from an alumi-
num alloy. Preferably, dissimilar metals are not used to
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assemble the housing structure 12. The upper cap 14 is
fastened suitably and removably to other elements of the
housing structure 12 and has a lower surface 18 facing
the upper chamber 16. As shown in Figure 1, the upper
chamber 16 has a port 20, via which the upper chamber
16 is pressurized with compressed air in a known man-
ner and via which compressed air in the upper chamber
16 is exhausted to ambient air when a trigger 22 of the
improved tool 10 is actuated in a known manner.

Moreover, the improved tool 10 comprises a tubular
cylinder 30 defining an axis. The cylinder 30 is mounted
fixedly within the housing structure 12. A separate, up-
per, annular, sealing lip 32 is mounted fixedly to the cyl-
inder 30. The cylinder 30 co-acts with surrounding ele-
ments of the housing structure 12 to define an annular
chamber 34 around an upper portion 36 of the cylinder
30.

Moreover, the improved tool 10 comprises a driving
piston 40 movable axially within the cylinder 30 between
an upper position and a lower position and a driving
blade 42 mounted to the driving piston 40 so as to be
conjointly movable with the driving piston 40. The driving
piston 40 has a radially outwardly opening, annular
groove 44, in which a nitrile O-ring 46 engaging the cyl-
inder 30 is seated. In Figures 1, 2, and 3, the driving pis-
ton 40 and the driving blade 42 are shown in the upper
position. In Figure 4, the driving piston 40 and the driving
blade 42 are shown as having been moved downwardly
from the upper position, toward the lower position, so as
to drive a fastener (not shown) from the improved tool
10 in a known manner.

Furthermore, the improved tool 10 comprises a
valve member 50 movable axially within the housing
structure 12, above the upper sealing lip 32 of the cylin-
der 30, between an upper position and a lower position.
In connection with this embodiment, it is convenient to
refer to the valve member 50 as a valve piston. In Figures
1 and 2, the valve piston 50 is shown in the lower posi-
tion. In Figure 3, the valve piston 50 is shown in an in-
termediate position. In Figure 4, the valve piston 50 is
shown in the upper position. Preferably, the valve piston
50 is made from a polymeric material, such as an acetyl
polymer or nylon 6/6. An acetyl polymer is preferred.

The valve piston 50 has an annular portion 52, which
has an outer, cylindrical wall 54, an inner, cylindrical wall
56, an upper, annular surface 58 facing the upper cham-
ber 16, and a lower, annular surface 60 facing the annu-
lar chamber 34. The valve piston 50 has a downwardly
extending portion 62, which has a tubular wall 64 extend-
ing below the annular portion 52 and a lower, annular
flange 66. The lower flange 66 flares outwardly and
downwardly, so as to have an upper, flared surface 68.
Also, the downwardly extending portion has an upper
surface 70, which faces the upper chamber 16 and which
is co-planar with the upper surface 58 of the annular por-
tion 52 of the valve piston 50.

Furthermore, the improved tool 10 comprises a seal-
ing member 80, which has an upper, tubular wall 82 and
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a lower, annular flange 84 provided with an integral, low-
er, annular, sealing lip 86 conforming to the sealing lip
32 of the cylinder 30. The sealingmember 80 is movable
between a lower position and an upper position. In the
lower position, as shown in Figures 1, 2, and 3, the seal-
ing lip 32 of the cylinder and the sealing lip 86 of the seal-
ing member 80 are engaged with each other so as to
provide an annular seal. Inthe upper position, the sealing
lip 32 of the cylinder and the sealing lip 86 of the sealing
member 80 are disengaged from each other.

The upper wall 82 of the sealing member 80 sur-
rounds the upper wall 64 of the lower portion 62 of the
valve piston 60. The lower flange 84 of the sealing mem-
ber 80 flares outwardly and downwardly and surrounds
the lower flange 66 of the lower portion 62 of the valve
piston 60. The lower flange 84 of the sealing member 80
has an upper, flared surface 90 with an effective surface
area, as viewed downwardly along the axis, which is
smaller than the effective surface area of the lower sur-
face 60 of the annular portion 52 of the valve piston 50,
as viewed upwardly along the axis. The lower flange 84
of the sealing member 80 has a lower, flared surface 92
conforming to the upper, flared surface 68 of the lower
flange 66 of the lower portion 62 of the valve piston 60,
s0 as to provide an annular seal if the flared surface 92
and the flared surface 68 are engaged with each other.

In accordance with this invention, an annular, elas-
tomeric member 100 is located within the upper chamber
of the housing structure 12. Preferably, the elastomeric
member 100 is made from polyurethane (80 durometer).
The elastomeric element 100 is frusto-conical when un-
stressed but is arranged to be axially stressed within the
upper chamber 16 even when the valve piston 50 is in
its lower position. Thus, at any position of the valve piston
50, the elastomeric element 100 is engaged with the low-
er surface 18 of the upper cap 14 of the housing structure
12 and with the upper surface 70 of the downwardly de-
pending portion 62 of the valve piston 50.

Therefore, the elastomeric member 100 biases the
valve piston 50 downwardly to its lower position and per-
mits the valve piston 50 to be upwardly moved to its up-
per position. Moreover, the elastomeric member 100
functions as a bumper between the upper surface 58 of
the annular portion 52 of the valve piston 50 and the low-
er surface 18 of the upper cap 14 of the housing structure
12 when the valve piston 50 is moved upwardly.

The upper cap 14 has a radially inwardly facing, cy-
lindrical wall 102 facing the upper chamber 16 and hav-
ing an annular groove 104 opening radially inwardly. A
nitrile O-ring 106 is seated in the annular groove 104.
The upper, annular portion 52 of the valve piston 50 has
an outer, cylindrical wall 112, which is engaged by the
O-ring 106 as the valve piston 50 is moved between its
upper and lower positions, and an outer, cylindrical wall
114. Because the valve piston 50 is made from a poly-
meric material having an inherent lubricity, wear and tear
on the O-ring 106 engaging the valve piston 50 is mini-
mized.
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The upper cap 14 has a radially outwardly facing,
cylindrical wall 122, which has an annular groove 124
opening radially inwardly. A nitrile O-ring 126 is seated
in the annular groove 124 and engages the inner wall
114 of the upper, annular portion 52 of the valve piston
52 as the valve piston 50 is moved between its upper
and lower positions. Because the valve piston 50 is made
from a polymeric material having an inherent lubricity,
wear and tear on the O-ring 126 engaging the valve pis-
ton 50 is minimized.

The annular portion 52 of the valve piston 50 and
the lower portion 62 of the valve piston 50 are assembled
via a retaining clip 130. A nitrile O-ring 132 is interposed
between the assembled portions 52, 62, which are con-
figured to accommodate the O-ring 132 there-between.
Moreover, a nitrile O-ring 142 is seated in a radially out-
wardly opening, annular groove 144 in the lower, tubular
portion 62 of the valve piston 50 and engages the upper,
tubular wall 82 of the sealing member 80.

The housing structure 12 comprises a central ele-
ment 150, which is fastened to the upper cap 14 via a
machine screw 152 and which has a downwardly de-
pending, flared flange 154 with a lower, annular lip 156.
Anitrile O-ring 162 is seated in a radially outwardly open-
ing annular groove 164 in the lower lip 156 and engages
the lower, tubular portion 62 of the valve piston 50.

The upper cap 14 of the housing structure 12 has a
central, annular portion 160, which has axially oriented,
exhaust ports 162. The lower, tubular portion 62 of the
valve piston 50 has radially oriented, exhaust ports 164.

When the tool 10 is charged with compressed air in
a known manner, the upper chamber 16 and the annular
chamber 34 are charged with compressed air. Also, the
elastomeric member 100 biases the valve piston 50
downwardly such that the sealing lip 86 of the sealing
member 80 is engaged with the sealing lip 32 of the cyl-
inder so as to provide an annular seal between the an-
nularchamber 34 and the exhaust ports 164 in the lower,
tubular portion 62 of the valve piston 50.

Except as illustrated in the drawings and described
herein, the improved tool 10 may be structurally and
functionally similar to known tools, as exemplified by
PASLODE 5300C Series Nailers discussed above.

When the trigger 22 is actuated in a known manner,
compressed air in the upper chamber 16 is exhausted to
ambient air, via the port 20, in a known manner. Because
the upper, flared surface 90 of the lower flange 84 of the
sealing member 80 has an effective surface area, as
viewed downwardly along the axis, which is smaller than
the effective surface area of the lower, annular surface
60 of the annular portion 52 of the valve piston 50, as
viewed upwardly along the axis, compressed air in the
annular chamber 34 moves the valve piston 50 upwardly
and presses the sealing member 80 downwardly such
the sealing lip 86 and the sealing lip 32 remain engaged.

Once the upper surface 68 of the lower flange 66 of
the lower portion 62 of the valve piston 50 engages the
lower surface 92 of the lower flange 84 of the sealing
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member 80, an annular seal is provided at the engaged
surfaces 68, 92, and the sealing member 80 is moved
upwardly with the valve piston 50. Once the sealing
member 80 has been moved upwardly, compressed air
from the annular chamber 34 enters between the flared
flange 154 of the central element 150 and the driving pis-
ton 40 so as to drive the driving piston 40 and the driving
blade 42 downwardly.

When the valve piston 50 is moved upwardly, the
elastomeric member 100 functions as a bumper between
the upper surface 58 of the annular portion 52 of the
valve piston 50 and the lower surface 18 of the upper
cap 14 of the housing structure 12.

Claims

1. A pneumatically driven, fastener-driving tool (10)
comprising:

(a) a housing structure (12) defining a down-
wardly opening, upper chamber (16), the hous-
ing structure (12) having an upper portion (14)
with a lower surface (18) facing the upper cham-
ber (16);

(b) atubular cylinder (30) mounted fixedly within
the housing structure (12);

(¢) a driving piston (40) movable axially within
the cylinder (30), between an upper position and
a lower position; and

(d) a valve member (50) movable axially within
the housing structure (12), above the cylinder
(30), between an upper position and a lower
position, the valve member (50) having an
upper surface (70) facing the upper chamber
(16); and

(e) means including an annular, elastomeric
member (100) located within the upper chamber
(16) of the housing structure (12) and engaged
with the lower surface (18) of the upper portion
(14) of the housing structure (12) and with the
upper surface (70) of the valve member (50) for
biasing the valve member (50) downwards to its
lower position, for permitting the valve member
to be upwardly moved to its upper position, and
for functioning as a bumper between the valve
member (50) and the upper portion (14) of the
housing structure (12) when the valve member
(50) is moved upwards.

2. Atool according to claim 1, wherein the upper por-
tion (14) of the housing structure (12) has a radially
inwardly facing, cylindrical wall (102) facing the
upper chamber (16) and having an annular groove
(104) and wherein an O-ring (106) is seated in the
annular groove (104) and engages the valve mem-
ber (50) so as to provide a seal as the valve member
(50) is moved between its upper and lower positions.
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3.

Atool according to claim 2, wherein the downwardly
opening, upper chamber (16) is annular, wherein the
valve member (50) has an annular portion, which
has an outer, cylindrical wall (52) engaged by the
O-ring (106) seated in the annular groove (104) in
the radially inwardly facing, cylindrical wall of the
upper portion (14) of the housing structure (12) so
asto provide an outer seal as the valve member (50)
is moved between its upper and lower positions.

The tool of claim 3, wherein the annular portion of
the valve member (50) has an inner, cylindrical wall
(56), wherein the upper portion (14) of the housing
structure (12) has an radially outwardly facing, cylin-
drical wall (122) facing the upper chamber (16) and
having an annular groove (124), and wherein an
O-ring (126)is seated in the annular groove (124) in
the outwardly facing, cylindrical wall (122) and
engages the inner wall (56) of the annular portion of
the valve member (50) so as to provide an inner seal
as the valve member (50) is moved between its
upper and lower positions.

Atool according to any one of the preceding claims,
wherein the upper portion (14) of the housing struc-
ture (12) is made from an aluminum or magnesium
alloy and has a cylindrical wall with an annular
groove (104), wherein an O-ring (106) is seated in
the annular groove (104) and engages the valve
member (50) so as to provide a seal as the valve
member (50) is moved between its upper and lower
positions, and wherein the valve member (50) is
made from a polymeric material having an inherent
lubricity, which minimizes wear and tear on the
O-ring (106) engaging the valve member (50).
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