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ABSTRACT OF THE DISCLOSURE

The pneumatic fastener driver embodying the inven-
tion comprises a body formed with a cylinder, A work-
ing piston in the cylinder carries a fastener drive ram
and is’ movable in said cylinder away from retracted
position in a fastener drive direction to a predetermined
fully driven position and back to said retracted position.
A trigger is mounted on the body for movement from a
normal position to an operating position and back to
normal position. Compressed air operated means con-
trolled by movement of said trigger away from its oper-
ating position automatically causes the working piston
to repeatedly move in a- fastener driving direction away
from retracted position to fully driven position and back
to retracted position, a number of successive times continu-
ously while said trigger remains in operating position, and
to terminate said repeated back and forth movement of
said working piston upon said trigger moving back from
its operating position to its normal position.

e —————

The invention relates to a compressed air-operated
drive-in apparatus to drive in fasteners, for instance nails,
staples or the like, in particular, a controlling organ to
control the drive-in apparatus, said controlling organ being
designed in such a manner that it is possible on the one
hand to release the drive-in step singly for each fastener
by the actuation of a releasing means and, on the other
hand, to drive in fasteners in g sequence with only once
actuating the releasing means.

Compressed air-operated drive-in apparatuses to drive
in fasteners are pre-known in many embodiments. With
these known apparatuses, each drive-in step must be re-
leased singly by actualing a releasing means effective on
the control valve. This necessitates a limitation of the
working speed with such apparatuses which, in many
fields of application, is considered disadvantageous.
Practical requirements thus are directed to drive-in appa-
ratuses adapted to be used with both single operation
and sequential drive-in operation,

Pneumatically operated tools continuously completing
the normal working cycle after the releasing means has
been actuated only once, until the actuation of the re-
leasing ‘means is interrupted, are already known, Pneu-
matically operated drive-in apparatuses, for instance, are
working in the above manner. With these pre-known appa-
ratuses, however, it is not the point to make the working
piston reach two end positions in each drive-in operation
which is a requirement with pneumatically operated drive-
in apparatuses for fasteners because, on the one hand,
the fasteners must be driven in completely because of
which it is necessary that the working piston reach the
one end position and, on the other hand, it is possible
to seize a fastener to be taken along during the next
drive-in stroke only when the piston is completely re-
turned between two drive-in operations.

Besides, a pneumatically actuated drive-in apparatus
has already become known by means of which fasteners
may be driven in selectively in an uninterrupted sequence
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with only one actuation of the releasing means or singly
in a conventional operation. The difficulty of the com-
plete return of the piston having to be effected before
the next drive-stroke is performed, in this apparatus is
solved by means of a time delay caused in the renewed
compressed air bias on the control slide of the control
valve by means of a throttle which is known also in con-
nection with other preumatically operated devices, where-
in the compressed air bias to be effective on the working
piston and required for the following drive-in stroke is
effected by said piston when in the completely retracted
position striking against an actuation member of the con-
trol valve and displacing it. This known arrangement must
be - considered as being highly ‘unsatisfactory inasmuch
as to solve the problem which is simple in itself, an
extremely complicated control valve mechanism is em-
ployed which, in addition, is actuated by the working
piston in its end position. This complicated contro] valve
arrangement. is not only expensive in manufacture but
is in addition extremely susceptive to trouble. What has
to be looked upon as being a particular disadvantage with
this known apparatus, however, is that the working piston
returns to its upper end position and may perform a new
drive-in stroke regardless of whether the drive-in step
was performed properly or not. As with improper per-
formance of the drive-in stroke the upper end of the
fastener still is present in the guide passage of the appa-
ratus, the apparatus cannot be moved onward, and the
fastener which is ejected during the mext drive-in stroke
strikes against the backside of the preceding fastener,
Consequently, the guide passage may be clogged and the
apparatus may possibly be damaged.

As opposed to the known arrangement, it is the object
of the present invention to provide a pneumatically
operated drive-in apparatus to drive-in fasteners, in par-
ticnlar to provide a control organ to actuate such a drive-
in apparatus, said control organ selectively allowing for
fasteners to be driven in sequentially in an uninterrupted
succession of drive-in strokes after having once actuated
the releasing means or in single operation, while compris-
ing no mechanical control means cooperating with the
working piston, respectively, and being simple in con-
struction and thus inexpensive to manufacture,

Starting from a compressed air-operated drive-in ap-
paratus to drive in fasteners such as nails, staples or the
like, comprising a working piston guided for reciprocat-
ing movement in a working cylinder and a control valve
controlling the compressed air bias of the working piston
which may be influenced by the releasing means of the
apparatus and comprises a poeumatically actuated valve
member connecting the working cylinder with the com-
pressed air line for operation when vented to the rear,
and when biased with compressed air from the rear, con-
necting the working cylinder with an outlet line while
closing the compressed air line for operation, and in case
of actuation of the releasing means for permanent opera-
tion, automatically establishing the connection of the
working cylinder with the compressed air line for opera-
tion whenever the piston has completed its return stroke,
by discharging the rear side compressed air bias, the
solution to the problem posed consists in that the rear side
of the valve member is directly connected with the com-
pressed air line for operation via a passage, and the com-
pressed air bias or venting thereof, respectively, is con-
trolled by means of a control piston which, when the
release means is actuated, reaches a first end position in
which the rear side biasing space of the valve member is
shut-off from the compressed air line for operation, and
vented; which furthermore at the end of the drive-in stroke
of the working piston is connected with the compressed
air line for operation and thereby is biased to a position
connecting the rear side biasing space of the valve mem-
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ber with the compressed air line for operation while at the
same time closing the venting thereof, against a force re-
leased by the releasing means, and upon completion of the
working piston return movement automatically returns to
its first position releasing another drive-in stroke, under
the influence of the force released by the releasing means.

Because of this arrangement, it is secured that reversal
of the valve member which is formed as a differential pis-
ton, on the one hand, to a position closing the working
cylinder from the compressed air line for operation and
connecting it to the drain line, and on the other hand,
to the position releasing the renewed compressed air bias
of the working piston always is effected only after the
working piston has reached its lower or upper end posi-
tion, respectively. It must be considered as being espe-
cially advantageous that the control valve arrangement
according to the proposal of the invention may be ar-
ranged completely separate from the working cylinder
and at a location of the apparatus remote from said cyl-
inder.

In a suitable further development of the invention the
control piston forms a pressure chamber together with
the cylinder bore receiving it, said pressure cham-
ber being in direct communication with the chamber for
the working piston return air via a channel. This pressure
chamber of the control piston which may be biased
with return air from the return air chamber for the
working piston suitably may be provided with a venting
passage provided in turn with an adjustable outlet throttle.
In this arrangement, in accordance with another feature
of the invention, the outlet throttle consists of a threaded
sleeve concentrically surrounding the housing of the con-
trol piston and comprising a portion provided with a
conical inner bore, said portion covering the outlet open-
ing of the venting passage terminating in a conical outer
surface of the control piston housing with adjustable
radial space, so that compressed air in a more or less
throttled condition may flow out of the control piston
pressure space via the annular gap formed between the
conical inner bore of the threaded sleeve and the conical
outer surface of the control piston housing. As a result
of this measure, a pressure effective on the control piston
is building up in the control piston pressure space with
an adjustable delay in time when the pressure space is
biased with return air from the return air storage.

1t is the function of the control piston on the one
hand to shut off the compressed air bias for operation
on the rear side of the valve member and, on the other
hand, to vent the rear side bias chamber of the valve
member. For this purpose, there is a valve plate provided
between the head of the control piston and a sealing
surface which, with the control piston axially displaced,
will shut off the compressed air supply to the rear side
biasing chamber of the valve member. In addition, there
is a sealing ring arranged on the control piston which
shuts off the venting passage of the above mentioned
pressure space when the compressed air chamber is con-
nected with the compressed air conduit for operation,
however, with compressed air conduit for operation being
shut off will release the venting channel with no delay.

In a further and suitable embodiment, the control pis-
ton may be connected with a releasing bushing of the
apparatus via a preloaded spring, said releasing bushing
with the releasing means being actuated transferring the
displacement force onto the control piston, however, with
the control piston being biased which is effected directly
from the compressed air line when the working piston
is in its lower end position, being compressed with piston
return air from the return air chamber, thus making pos-
sible displacement of the control piston in such a man-
ner that said control piston releases the connection of the
compressed air line for operation with the rear side pres-
sure chamber of the valve member for biasing same. The
control piston spring preferably is formed as a coil spring
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concentrically encompassing a tie rod rigidly connected
with the control piston and adjustably preloaded between
an end face of the control piston and a pressure ring.
The pressure ring is located on the tie rod by means of
a nut to accommodate the preload of the spring, but when
the spring is compressed in a direction towards the con-
trol piston is supported axially displaceably with respect
to the tie rod and has the outer edge thereof engaging in
a flange of the release bushing such that the control pis-
ton with the tie rod may be axially displaced with respect
to the release bushing under compression of the return
spring.

The control piston may also be formed as a differential
piston with the rear side thereof being adapted to be
biased with compressed air, said rear side compressed air
bias being controlled from a release pin and the two
biasing surfaces of the control piston being designed in
such a manner that the displacing force stemming from
the working piston bias via the return air chamber out-
weighs the rear side bias. For this purpose a passage
communicating with the compressed air conduit for
operation may extend through the control piston in an
especially simple manner, with a valve arranged in said
passage which is kept in a closed position by the com-
pressed air present in the passage and may be lifted from
its seat by means of the releaser. The valve may also be
kept in its closed position by an additional pressure spring.
The rearward pressure chamber of the control piston
may be provided with a venting channel, which, when the
release pin is actuated is blocked by means of a sealing
ring connected with the release pin and when the release
pin is not actuated is opened.

It has been found to be especially advantageous if the
working piston is guided within the working cylinder with
a slight radial play in such a manner that at the end of
the working stroke compressed air may pass by the work-
ing piston and flow into the return air reservoir connected
with the lower end of the working piston. The working
piston may also be provided with an axial groove through
which, with the piston upper side biased by compressed
air, compressed air may flow to bias the return air cham-
ber when the piston is in its lower end position. In a
further development of the invention, the working pis-
ton may also be guided sealingly in the working cyl-
inder, for instance, with the aid of an O-ring seal, and
there may be at least one radial passage bore provided
in the cylinder wall which, with the piston in its lower
end position connects the cylinder innerspace with the
return air chamber but immediately the piston commences
its return stroke is closed by the piston jacket. The open-
ing cross sectional area of this passage bore radially ex-
tending through the cylinder wall may be adjustable,
for instance, by the passage bore conically widening in-
side the cylinder wall and an adjusting screw received
by a threaded bore in the cylindrical housing having a
cone-shaped peak engaging in said passage bore. In a
modified embodiment, this adjusting facility may also have
the form of an annular groove arranged near the pas-
sage bore on the outer surface of the cylinder wall with
an annular seal placed in said annular groove in a pre-
loaded condition. This annular seal is effective as a check
valve which releases the overflow of compressed air into
the return air chamber only after a certain pressure has
been reached in the cylinder inner space.

The compressed air overflow from the cylinder inner
space into the return air chamber through the passage
bore may be adjusted ad libitum by means of an adjust-
ing screw, the end face thereof is disposed at the annu-
lar seal more or less subjected to pressure in the region
of the passage bore extending through the cylinder wall,
said adjusting screw being accommodated by 2 threaded
bore in the cylinder housing in the manner as described
above.

According to another feature of the invention, the work-
ing cylinder underside is provided with a valve compris-
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ing a closing member held in the open position under
an elastic bias with the underside of the working piston
striking against said closing member at the end of the
drive-in stroke, whereby the closing member is brought
into its closed position and due to the return air bias
becoming immediately effective on the working piston un-
derside from the return air chamber, remains in the
closed position until after completion of the piston re-
turn movement owing to partial venting of the cylinder
inner space below the working piston through the guid-
ing slot for the drive-in slide, the elastic return forces
of the closing member overcome the return air bias
thereof and the working cylinder below the working pis-
ton is completely vented. In order to secure a quick vent-
ing of the cylinder space below the working piston and
of the return air space after the return of the working
piston, that portion of the drive-in piston which with
the working piston disposed in the upper position, lies
in the region of the guiding slot of the closing mem-
ber, may be provided with a longitudinal groove extend-
ing on both sides beyond the ends of the guiding slot.

In the following, the invention will be described with
the aid of the examples of embodiments shown in the
accompanying drawings wtihout, however, being restrict-
ed to these embodiments.

In the drawings,

FIG. 1 shows a longitudinal sectional view of the drive-

in apparatus with the working piston in its position of
rest;
FIG. 2 shows likewise a longitudinal sectional view
the drive-in piston but at the end of the drive-in stroke;
FIG. 3 shows the drive-in apparatus with the valve
member reversed immediately before the beginning of the
piston return movement;

FIG. 4 shows a modification for the piston return air
overflow from the working cylinder into the return air
space; and

FIG. 5 shows a modified embodiment of the control
valve arrangement.

The drive-in apparatus 1 essentially consists of the
housing 2 with the working cylinders 3 (FIG. 1, 3
(FIG. 2), 3" (FIG. 4) and the handle 29, rigidly con-
nected therewith and accommodating the control valve
arrangement 32. The working cylinder is pushed into the
Teception bore of the housing 2 from below and is closed
at the upper end thereof by means of a cylinder head
4 threadedly connected with the thread 5. Tn this arrange-
ment, the flange 6 engages over the housing of the ap-
paratus. A permanent magnet 7 is inserted in the cyl-
inder head 4 on that side facing towards the cylinder
inner space. The lower end of the working cylinder is
closed by means of a guiding member 8 which is re-
tained by means of a screw threaded closure member 12,

Cylinder 3, at its lower end, has an enlarged skirted
portion 3a, formed with internal screw threads 3p and
is provided with an outer shoulder 3¢ carrying a gasket
3d contacted by the lower edge of annular portion 2a
of housing 2.

Guiding member 8 may be made of plastic, rubber
or rubber-like resilient material. Said member 8 is formed
with a transverse slit 84 below the upper end of said
member, extending to the upper end of an axial open-
ing 9 in said member. Said opening 9 extends to the lower
end of said member 8. The transverse slit 84 extends to
just beyond opening 9 thereby providing an integral
closure member or lip 10 at the upper end of guiding
member 8. Closure member or lip 10 is formed with a
diametric through guide slot 11 for the plunger blade or
driving ram 15. Said piston 14 comprises a top metal
cup 14a carrying a lower piston member 13 made of
plastic, rubber or rubber-like resilient material, to which
the plunger blade 15 is fixed by means of a cross-pin 15a.

Said screw threaded member 42 has a central bore 124
receiving member 8, and an outer screw threaded portion
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12) engaging the internally screw threaded portion 3b
of cylinder portion 3a.

Said member 12 has a bottom wall 125 formed with
a lower outwardly extending flange 126% carrying a gasket
12¢ contacted by the lower annular edge of portion 3a
of the cylinder. The bottom wall 125 of member 12 has
a central reduced hole 124 receiving a reduced portion
8b of member 8 and forming a shoulder 8¢ contacting the
top of wall 125.

Extending down from the bottom wall 125 of member
12 is a lng 12¢ extending down to the top of magazine 23
and formed with a hole 12f into which projects a lug 84
extending downwardly from member 8, to prevent said
member from turning in bore 12a. The upper end of
member 8 is of less diameter than the interior of cylinder
3.

The outer side of cylinder 3 carries an O-ring 3¢ which
bresses against the inner annular surface 25 of the housing
2, located below the openings 24.

The working cylinder 3 is surrounded by a return air
space 21 essentially extending the whole length of the
housing 2 receiving it, said return air space 21 being
connected above the closure member 10 with the lower
end of the cylinder innerspace via a channel or trans-
verse slot 22 formed in said cylinder. The working piston
14 is guided within the working cylinder. The working pis-
ton may either have some radial play with respect to the
cylinder walls, may be provided with an axial groove 16
(FIG. 1) or sealingly guided within the working cylinder
by means of an annular seal 17 (FIG. 2). The working
piston 14 is connected with a driving ram 15 extending
through the guide slot 11 provided in the closing mem-
ber 10 and expelling fasteners supplied from the maga-
zine 23 arranged below the cylinder responsive to the
movement of the piston, At the upper end of the working
cylinder there are arranged passage bores 24 immediately
below the threadedly inserted cylinder head assembly 4,
said bores 24 being distributed all over the periphery
and surrounded by an annular passage 25 formed in
the housing, which is in communication with a compressed
air biasing passage 26.

If the upper side of the working piston is biased with
compressed air via the compressed air biasing passage
26, the annular passage 25 and the passage bores
24 provided in the cylinder wall, then the work-
ing piston will perform 2 downwardly directed drive-
in stroke. The air displaced in this operation from the
cylinder inner sapce below the piston by the piston in jts
downward movement leaves through a passage provided
in the lower assembly 8 with the closing member 10 owing
to the bias imposed thereon Temaining in the open
position thereof, as shown in FIG. 1. At the end of the
drive-in stroke, the underside of the piston 14 strikes
against the closing member 10 causing it to engage the
assembly 8 retained by the screw threaded member 12,
With this operation, the cylinder underside is closed. When
the working piston is disposed in its lower end position
and the discharge channel 9 in the assembly 8 is closed
by the closing member 10, the space 21 will be biased
with compressed air. With a working piston having a
slight radial play with Tespect to the cylinder walls this
may be effected by compressed air flowing from the
cylinder inner space above the piston which is biased with
compressed air fromr the compressed air line 30 for op-
eration, past the working piston and through the over-
flow channel 22 placed at the lower end of the working
cylinder, into the return air space 21. In the embodi-
ment shown in FIG. 1 and FIG, 3, the working piston is
guided in the working cylinder without radial play, how-
ever, is provided with an axial groove 16 extending the
whole length of its guiding portion through which the
overflow of compressed air may take place towards the
piston underside and thence through the above-mentioned
overflow channel 22 into the return air space 21. With
the embodiment shown in FIGS. 2 and 4, the working
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piston is sealed with respect to the working cylinder walls
by means of an annular seal 17, s0 that no compressed
air may flow past the working piston to bias the return
air space. There is, however, at least one passage bore
18 (FIG. 2), 18’ (FIG. 4) provided for compressed air
overflow extending through the cylinder walls which is
slightly spaced from the upper side of the working piston
when said working piston is lying in its lower end position.
The amount of compressed air overflowing through said
passage bore 18, 18" may be adjusted, on the one hand,
in accordance with FIG. 2, by means of a sealing ring
19 arranged in an annular groove of the cylinder wall and
adapted to be pressed more Or less strongly into the
annular groove accommodating it in the region of the
through-bore 18 by means of an adjusting screw 20 re-
ceived in a threaded bore in the cylinder housing 2/,
and on the other hand, in accordance with FIG. 4, by
means of an adjusting screw 20’ received in a threaded
bore in the housing 2’, said adjusting screw 20’ being
provided with a conical peak engaging within a comnical
enlargement of the passage bore 18'.

After the bias of the piston upper side has been inter-
rupted in a manner still to be descirbed in the following,
return air from the return air space 21 fiows through
the channel 22 back into the working cylinder and biases
the underside of the working piston 14 whereby the latter
is returned to the position as shown in FIG. 1. In this op-
eration, the cylinder inner space above the working piston
is connected with the atmosphere which will also be de-
scribed in more detail in the following. If at the beginning
of the return phase, the underside of the working piston
14 lifts from the closing member 10, the return air bias
from the return air space 21 becomes effective in the
cylinder inner space below the working piston whereby the
closing member 10 is kept in its closing position until after
completion of the piston return stroke. During the piston
return stroke, a throttled venting of the cylinder inner
space below the working piston will take place through
the gaps existing between the guide 11 and the drive-in
blade 15, which venting, after the working piston has
reached its upper end position, will proceed to such a
degree that the biasing forces inherent to the closing
member will outweigh the pressure bias on the closing
member so that the closing member will pass over into
the opening position as shown in FIG. 1 and both the
inner space below the working piston and the return air
space 21 are completely vented. In order to secure a
quick venting of the cylinder inner space below the work-
ing piston and the return air space after the return move-
ment of the piston has taken place, that portion of the
drive-in blade which, with the working piston disposed
in the upper end position, is cituated in the region of the
guiding slot of the closure member, may be provided with
a longitudinal groove, extending beyond both sides of the
ends of the guiding slot. A compressed air reservoir 36
for operation as well as an outlet line 31 are provided
in the handle 22 of the apparatus, said reservoir being in
communication with the compressed line and connected
in a compressed air line for operation. A bore 33 in the
handle accommodates the control valve arrangement 32
which, in a manner still to be described, is capable of
connecting the compressed air biasing channel 26, on the
one hand, with working pressure line 30 and on the other
hand with the outlet line 31.

The control valve arrangement 32 comprises a valve
member 34 which is axially displaceably supported within
the housing bore 33 by means of the guiding sleeves 41,
42 and in its one limit position, connects the compressed
air biasing channel 26 with the working pressure line 30
while blocking the connection between the compressed
air biasing channel and the outlet line 31 and in the
other limit position connects the inner space of the work-
ing cylinder with the outlet line 31 via the compressed
air biasing channel 26 while blocking the connection with
the working pressure line 30. The shaft 35 of the valve
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member 34 at the upper end thereof carries two sealing
rings 39, 40. In each limit position of the valve member
35, a sealing ring 39, 40 cooperates with a sealing sur-
face 51 in the housing or a sealing surface 52 of the
guiding ring 41, respectively.

At the lower end of the valve member 34, there is
arranged a guide ring, differential piston or piston head
36 rigidly connected with the valve member 35, said
guide ring being sealed and displaceably supported with
respect to the guide bushing 42 inserted in the housing
bore 33 by means of an annular sealing. The sealing ring
36 is provided with a biasing surface notably in excess
of that of the opposite end face 37 of the valve member.

The guiding sleeves 41, 42 are inserted into the housing
bore 33 receiving the valve arrangement in such a manner
that the guiding sleeve 41 is supported by a shoulder in
the housing bore with the interposition of a sealing ring
43 and is pressed against said shoulder by means of the
guiding sleeve 42. The guiding sleeve 42 is retained by an
intermediate plate 46 which is clamped between the lower
end of the guiding sleeve 42 and the front end face of a
screw member 48 received by a threaded bore 50. The
guiding sleeves 41, 42 are sealed with respect to the hous-
ing by means of the sealings 43, 44. The guiding sleeve 42
is provided with radial passage channels 45 which con-
nect the space included by the two guiding sleeves with
an outlet chanpel 31. Between the upper guiding sleeve
41 and valve member shaft 35, there extends at least one
axial passage channel 41a which connects the space in-
cluded by the guiding slecves with the compressed air
biasing channel 26 when the valve member is situated
in a position in which it blocks the compressed air pres-
sure line 30 for operation. Thus, with the valve member
34 in the above mentioned position, the inner space of
the working cylinder is connected with the outlet line
31 through this axial passage channel 41a of the guiding
sleeve 41.

The valve member 34 is provided with a center
throughbore 53 extending the whole length of the center
shaft thereof with a sleeve 54 likewise having a through-
bore 55 cxtending through the lower portion of the
throughbore 53, said sleeve having a lower flange 56 by
means of which it is located inside the valve arrangement.
The sleeve shaft is concentrically and substantially seal-
ingly enclosed by the lower portion of the passage bore
53 extending through the valve member 34. The valve
member is, however, capable of performing axial move-
ments with respect to the stationarily arranged sleeve. The
flange 56 engages within and end face recess of the
threaded member 48 which is screwed into the threaded
bore 50 of the housing accommodating the valve arrange-
ment from below with the interposition of an annular
seal 49. The threaded member 48 is provided with an axial
bore 63, with a control piston 60 supported therein for
axial displacement. This control piston is provided with
an axially extending piston shank 61 of reduced diameter
which extends as far as near the sleeve flange 56 and is
provided with seals 67, 69 at its end facing the sleeve
flange. The sealing 67 is formed in the manner of a seal-
ing plate arranged at the end face of the head 66 of a tie
rod 65 extending through the piston shank, and when the
control piston head 66 by means of the sealing 69. The
the sleeve flange 56, is pressed against the sleeve flange,
so that the throughbore 55 formed by the sleeve 54 is
closed.

The bore 48b guiding the control piston shank 61 is
provided with a radial enlargement 48c adjacent its end
facing the sleeve flange. The control piston shank is sealed
in the throughbore 48b receiving it, by means of a seal-
ing ring 64. A venting bore 71 is provided between the
sealing 64 and the enlargement bore 48c receiving the
seals 67, 69 cooperating with the control piston shank,
said venting passage 71 being in commuunication with the
enlargement bore due to the radial play provided between
the control piston shank 61 and the enlarged bore 484
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receiving it. The venting passage 71, however, may be
sealed against the enlargement bore 48c receiving the
control pitson head 66 by means of the sealing 69. The
sealing 69 is formed in the manner of an annular sealing
and is arranged between the front end face of the control
piston shank 61 and the head portion 66 of the tie rod 65.
With an axial displacement of the control piston in a di-
rection away from the sleeve flange 56, the sealing ring
69 comes to lie closely against the bottom surface of the
enlargement bore 48¢ receiving the control piston shank
thus closing the communication between the venting
channel 71 and the said enlargement bore. The enlarge-
ment bore in the threaded member 48 is in communica-
tion with the biasing space 59 on the rear side of the
valve member via at least one bassage channel. This pas-
sage channel is formed by at least one recess 68 in the
sealing plate 67, at least one recess 58 at the sleeve flange
56 and a center bore 47 in the intermediate disc 46
through which the shaft of the sleeve 54 extends.

The control piston 60 is provided with a diameter con-
siderably in excess of that of the control piston shank 61
and is guided within a cylinder bore 63 of the threaded
member 48 and is sealed against the walls of the cylinder
bore by means of an annular seal 62, The control piston
on that side thereof facing the control piston shank, forms
a pressure chamber 72 together with the cylinder bore,
which is in direct communication with the return air
space 21 for the return air of the working piston via
the passages 73, 74, 75. The pressure chamber 72 is pro-
vided with a discharge channel 81 the exit opening of
which is covered by a threaded sleeve 83 concentrically
surrounding the housing of the control piston cylinder.
The threaded sleeve is threadedly connected with a receiv-
ing thread 84 formed on the outside of the lower portion
of the threaded member 48 forming the housing for the
control piston, and is provided -with an upper portion 86
comprising a conical inner bore cooperating with a corre-
sponding comnical outer surface of the control piston hous-
ing. The discharge opening of the venting channel 81 of
the control piston pressure chamber 72 terminates in the
said conical outer surface and is covered by the upper
portion 86 of the threaded sleeve 83 which is provided
with the conical inner bore. An annular sealing 85 is
arranged between the thread 84 of the receiving threaded
sleeve and the conical portions. The upstream flow of
compressed air from the control piston biasing chamber
72 through the venting channel 81 takes place through
annular gap formed between the conical outer surface 82
of the control piston housing and the conical inner bore
of the upper portion 86 of the threaded sleeve, said annu-
lar gap being adapted to be adjusted ad libitum through
axial displacement of the threaded sleeve due to rotation
thereof.

A cylindrical coil spring 76 is arranged on the side
opposite the control piston shank 61, said coil spring
concentrically surrounding the tie rod 65 rigidly con-
nected with the control piston 60 and being supported
under adjustable bias between the rear end face of the
control piston and a pressure plate 77, said pressure plate
77 being retained at the tie rod by means of the nut 78.
The pressure plate 77 in this arrangement is retained by
means of the nut 78 screwed onto the tie rod 65 to ac-
commodate only pressure forces but may perform axial
displacing movement with respect to the tie rod under
compression of the coil spring 76. A radially displace-
ably guided release bushing 80 is inserted from below
in the cylinder bore 63 accommodating the control piston
60, said bushing comprising an inner shoulder or flange
79 with the pressure disc 77 lying close thereto. The
underside of the release bushing 80 lies close to the trig-
gering lever 87 and with the triggering lever being oper-
ated, may be displaced in a direction towards the control
piston 60. Lever 87 is pivoted to housing 2 as by pivot
pin 80a journalled in bearing 805 and normally swings
in a clockwise direction to abut the housing in a position
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where it underlies bushing 80 in the lower position of
said bushing. When the lever 87 is swung up in a counter-
clockwise direction, bushing 80 is raised,

FIG. 1 of the drawing shows the drive-in apparatus
in its position of rest. The working piston is in its upper
end position, and the valve member 34 blocks the com-
munication between the working cylinder and the com-
pressed air conduit 30 for operation. In this position, the
Upper seal 39 of the valve member 34 closely contacts
its seating surface 51, The working cylinder communi-
cates with the discharge line 31 via the compressed air
biasing channel 26, the axial communication passage 41q
between the valve member stem 35 and the upper guiding
sleeve 41, the chamber included by the guiding sleeves
41, 42 and the passage bores 45 in the guiding sleeve 42.
The sealing disc 67 connected with the head 66 of the
control piston shank is spaced from iis sealing surface
at the underside of the sleeve flange 56, and the rearward
biasing chamber 59 of the valve member is biased with
compressed air for operation so that the valve member is
retained in the position in which the compressed air line
30 for operation is shut off from the working cylinder.
In this position of the working piston, the venting chan-
nel 71 is shut off with respect to the rearward biasing
chamber 59 of the valve member 34 by means of the
annular seal 69 on the control piston shank 61. If now
the triggering lever 87 and with it the release bushing
80 are actuated upwardly, the control piston 60 experi-
ences an axial displacement by means of the coil spring
76 whereby the sealing disc 67 cooperating with the
head 66 of the rod 65 which is fixed to the control piston
shank 61, is pressed against the sleeve flange 56 and the
connection between the rearward biasing space 59 of the
valve member and the compressed air line 30 for opera-
tion is interrupted, whereby at the same time the biasing
space 59 is connected to the venting channel 71 because
the annular seal 69 is lifted from its sealing surface 70.
Because of this, the rearward biasing space 59 of the
valve member is vented, and an axial displacement of
the valve member 34 takes place because of the com-
pressed air bias for operation effective on the valve mem-
ber front side 37, so that owing to the sealing 40 closely
contacting the associated sealing surface 52 the connec-
tion of the working cylinder with the discharge line 31
is interrupted and the compressed air biasing channel 26
is connected to the compressed air line 30 for operation
of the piston 14, Hereby, the working piston experiences
a compressed air bias for operation on its upper side so
that the drive-in stroke is performed. At the end of the
drive-in stroke, the compressed air flows into the return
air space 21 in the manner as described above and from
there into the pressure chamber 72 via the passages 73,
74, 75. 1t will be noted that this last mentioned com-
pressed air bias via the working cylinder, the return air
chamber 21 and the above mentioned passages takes place
directly from the compressed air biasing line 30 for oper-
ation. Part of this compressed air flows through the vent-
ing channel 81 and the annular gap between the above
described conical surfaces which is adjustable by means
of the threaded sleeve 83 so that a delayed pressure
build-up is taking place in the pressure chamber 72 in
dependence upon the throttling adjusted at the annular
gap.

As soon as the displacing force acting on the control
piston 60 owing to the bias on its pressure space 72 out-
weighs the oppositely directed pressure force of the cylin-
drical coil spring 76, the control piston will experience
an axial displacement in which the coil spring will be
compressed and the sealing plate 67 will release the end
face of the sleeve flange 56 and the annular seal 69 dis-
posed at the valve member shank will close the venting
channel 71. With this, the rearward compressed air bias-
ing space 59 of the valve member 34 will be biased with
compressed air for operation anew and the valve mem-
ber 34 will be axially displaced, wherein the connection
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between the working cylinder and the compressed air
line 30 for operation will be interrupted by means of
the annular seal 39 disposed on the valve member and
communication between the working cylinder and the
outlet line 31 will be established. With this, the inner
space of the working cylinder above the working piston
will be vented, and the working piston will be biased
on its underside by the return air flowing from the return
air space 21 whereby the working piston is returned to
its upper end position as shown in FIG. 1. Owing to the
return movement of the working piston a pressure drop

will occur in the return air entering the cylinder inner
space below the working piston from the return air
chamber 21. In spite of this pressure drop the closing
member 10 blocking the center passage channel 9 of the

insert 8 remains in its closed position until the working
piston reaches its upper end position and is retained in
said position by the permanent magnet 7 arranged in
the cylinder head 4 and a further pressure drop has oc-
curred in the cylinder inner space below the working
piston through the guiding slot 11 in the closing member
16. Only after this throttled and thereby time-delayed
venting of the cylinder inner space has been effected will
there occur a lowering of the compressed air bias holding
the closing member 19 in its closing position in such an
extent that said closing member moves into an opening
position due to the bias imparted thereto, thus completely
venting both the cylinder inner space below the working
piston and the return air space 21.

Owing to the pressure drop in the return air space 21
occurring after the complete return of the working pis-
ton and thereby in the biasing space 72 of the control
piston, the resilient force effective on the control piston
overcomes the compressed air bias effected from the
pressure space 72, so that at the end of the working pis-
ton return movement, the control piston is again axially
displaced in such a manner that the compressed air bias
for operation effective on the rearward biasing space 52
of the valve member 34 is shut off and said valve member
34 is simultaneously vented via the venting passage 71,
whereby the valve member 34 is anew axially displaced
in the manner described above and closes the outlet line
31 from the working cylinder connecting it with the com-
pressed air line 30 for operation. Thus, the working pis-
ton is anew biased with compressed air whereby another
drive-in stroke is performed. Further operation of the ap-
paratus runs off in the same manner, in which it wiil be
noted in particular that on principle a continuous auto-
matic release of the drive-in steps is taking place only if
each drive-in stroke is properly carried out, that means,
when with each drive-in stroke the closing member 10
has been brought into a position in which it closes the
underside of the working cylinder by contact with the
underside of the working piston.

If during a working stroke, the working piston does not
reach its lower limit position it is impossible for the re-
turn air pressure necessary for the piston return move-
ment to build up in the return air space 21 because the
overflowing compressed air intended to fill it leaves the
working cylinder through the open outlet channel 9 in
the insert member 8. In this case, it is also impossible
for any air pressure to build up in the pressure chamber
72 of the control piston 60 for the displacement of the
control piston against the effect of the coil spring 76.

In the modified embodiment of the control valve ar-
rangement as shown in FIG. 5, the control piston 69’ is
designed in the shape of a differential piston and is guided
within a cylinder bore 72’ in the threaded member 48’
for axial displacement in the same manner as in the em-
bodiment described above.

Contrary to the first embodiment, an axial passage
channel 96 extends through the control piston shaft 61’
which is in constant communication with the compressed
air line 3¢ for operation. On its end opposite the control
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the control piston is provided with an
axially extending shank 92 which is guided in a bore while
being sealed by means of an annular seal 93, said bore
being located in a box nut 94 threadedly connected with
the threaded member 48’. This rear end control piston
shank 92 is provided with a bore 97 enlarging the pas-
sage channel 96, with a sleeve 98 inserted therein co-
operating with a ball valve closure member 99 which,
owing to the compressed air bias of the passage channel
86 or a weak compression spring 100, respectively, is re-
tained in its closed position. An axially displaceably
guided release pin 101 extends through the rear side of
the box nut 94, the shank 102 of said pin cooperating
with the valve closure member 99 and displacing it from
its closed position when being axially displaced. In case
of such a displacement of the valve member 99, the end
face 95 of the control piston shank 92 is biased with
compressed air for operation whereby the control pis-
ton is pressed against an annular seal 67’ inserted in the
end face of the flange 56 of the sleeve by the end face
of its control piston shank 61’. With this, the connection
of the compressed pressure line 30 for operation with the
rearside biasing space of the valve member is interrupted
and the valve member releases the connection of the
compressed air line 30 for operation with the inner space
of the working cylinder in the manner as described above.
With the control piston 60 in this position, the rear side
biasing space 59 of the valve member 34 is connected
with the venting passage 71’ in the manner likewise de-
scribed above, and thus vented.

n this embodiment, the lower flange 56" of the sleeve
54’ extending through the center bore of the valve mem-
ber is fixed in the same manner as with the embodiment
described above, i.e. between the shoulder of an end face
recess in the threaded member 48’ and. the intermediate
ring 46 pre-loaded between the end face of the threaded
member and the lower portion of the guiding sleeve 42.
With the embodiment in accordance with FIG. 5, the
sealing gasket 67’, however, is inserted in an end face
recess of the flange 56’ of the sleeve and thus fastened.
The end face of the through-bored valve member stem
61’ cooperates with the thus fixed sealing disc 67°. The
passage 55 extending through the sleeve 54’ is in com-
munication with the rearward biasing space 59 of the
valve member, through recesses 90, 91 at the flange 56’
of the sleeve 54’ and the center bore 47 of the intermedi-
ate ring 46.

‘Also with this embodiment the compressed air biasing
space 72’ of the control piston is in communication with
the return air space 21 via the passages 73, 74, 75. The
biasing surface of the control piston disposed in the pres-
sure space 72’ is substantially greater than the rearside
biasing surface 95 of the conirol piston stem 92. Inso-
far as a bias of the conirol piston pressure space 72
takes place from return air space 21 as described above,
the axial displacement force due to this bias outweighs
the rearside bias on the biasing surface 95 of the con-
trol piston stem 92, whereby due to the annular seal 69
disposed on the control piston stem, the rearside biasing
space 59 of the valve member is shut off from the vent-
ing channe! 71’ and due to the end face of the con-
trol piston stem 61’ being lifted from the annular seal
67", is connected with the compressed air line 30 for op-
eration via the channel 55 of the sleeve 54’ and, conse-
quently, is biased with compressed air for operation. Ow-
ing to this bias, the valve member is displaced into a po-
sition in which the connection between the compressed
air line 30 for operation and the working cylinder is shut
off, with the working cylinder connected to the discharge
line 31. If after the return movement of the working pis-
ton, the pressure bias in the control piston pressure space
73 breaks down, the control piston will again block the
compressed air bias of the biasing space 59 of the valve
member and connect the biasing space 59 to the venting
channel 71, whereby the valve member 34 is again dis-

piston shaft 61",
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placed axially, shutting off the working cylinder from the
discharge line 31 and connecting it with the compressed
air line 30 for operation. With this, a new bias of the
working piston with compressed air is effected so that
the working piston may carry out another drive-in stroke
in the manner as described above, Further operation of
the apparatus will run off automatically in the same man-
ner as long as the valve closure member 99 is kept in its
open position by means of the release pin 101.

Upon an interruption of the actuation of the release
pin 101, the valve closure member 99 owing to its con-
stant bias with compressed air and by the compression
spring 1068 will reach its closing position. With this, the
bias on the end face 95 of the control piston stem 92 is
interrupted, and the associated biasing space vented. The
space formed between the rearside of the control piston
and the rearside control piston stem 92 is constantly com-
municating with the atmosphere via venting channel 105,

} will thus be seen that there is provided an apparatus
in which the several objects of this invention are achieved,
and which is well adapted to meet the conditions of prac-
tical use.

As possible embodiments might be made of the above
invention, and as various changes might be made in the
embodiment above set forth, it is to be understood that
all matter herein set forth or shown in the accompanying
drawings, is to be interpreted as illustrative and not in a
limiting sense.

I claim:

1. A pneumatic fastener driver comprising a body, a
cylinder in said body, a working piston in said cylinder,
a fastener drive ram fixed to said working piston, said
working piston being movable in said cylinder away from
retracted position, in a fastener drive direction to a pre-
determined fully driven position and back to said re-
tracted position, an operating member mounted for move-
ment on said body away from and back to a normal posi-
tion, and being movable away from normal position to
an operating position, and compressed air operated means
controlled by movement of said operating member away
from its normal position, to automatically cause said
working piston to repeatedly move in a fastener driving
direction away from retracted position to fully driven
position and back to retracted position, a number of suc-
cessive times, while said operating member remains in
said operating position, and to terminate said repeated
back and forth movement of said working piston, upon
said operating member moving back from its operating
position to normal position, said means to automatically
cause said working piston to repeatedly move including
valve means at the lower end of said cylinder, said valve
means being normally biased to open position to establish
communication between the interior of the cylinder and
the atmosphere and closed by the working piston when
said piston moves down to its fully driven position, and
after closure by said piston, said valve means remaining
closed by air pressure in the cylinder above a predeter-
mined pressure after said working piston is retracted away
from said valve means, and said valve means being self
opening when said piston is retracted and the air pressure
in said cylinder is reduced below said predetermined pres-
sure and said compressed air is vented from said cylinder,
said means to automatically cause said working piston
to repeatedly move further comprising a reservoir of air
under pressure in said body, a main air vent in said body,
a valve chamber in said body communicating with said
reservoir and with said main vent, said body being formed
with a passage connecting said valve chamber with the
upper end of said cylinder and above the working piston
when said working piston is in its uppermost position in
sad cylinder, a first sliding valve member in said valve
chamber having means in one position to connect said
main vent with said connecting passage and to interrupt
flow of air under pressure from said reservoir to said
connecting passage, and in another position, to allow
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flow of air under pressure from said reservoir to said con-
necting passage and interrupt flow of air from said con-~
necting passage to said main vent, and means utilizing
air from said reservoir to move said first sliding valve
member from its said one position to its said another
position, said means to automatically cause said working
piston to repeatedly move further comprising another slid-
ing valve member in said body, controlling flow of ajr
under pressure from said reservoir to control movement
of said first mentioned sliding valve member, and means
controlled by said operating member to control opera-
tion of said another sliding valve member,

2. The combination of claim 1, a return air space
chamber formed in said body, means establishing com-
munication between said return air space chamber and
said cylinder, and means to control movement of said
another sliding valve member by air under pressure com-
ing from said return air space chamber.

3. The combination of claim 2, said means to auto-
matically cause said working piston to repeatedly move
further including auxiliary means to vent air from the
Teservoir, to allow movement of said first mentioned slid-
ing valve member from a position where the main vent
is connected to said connecting passage, to a position
where said reservoir is connected to said connecting
passage.

4. The combination of claim 3, said another sliding
member having a differential piston head slidably moving
in a chamber with a sliding seal fit with the inner surface
thereof, and said means to control movement of said
another sliding valve member including a passage con-
necting said return air space chamber with said last cham-
ber, on one side of said piston head of said another slid-
ing valve member.

5. The combination of claim 4, and means to vent said
last chamber on one side of said piston head.

6. The combination of claim 2, said means establishing
communication between said return air space chamber and
said cylinder, comprising an opening in said cylinder ad-
jacent the lower end of said cylinder connecting said re-
turn air space chamber and said cylinder.

7. The combination of claim 6, said means establishing
communication between said return air space chamber
and said cylinder, further comprising an opening in said
cylinder above the working piston, when the piston is in
its lowermost position.

8. The combination of claim 7, and screw threaded
means to control the effective size of said opening in said
cylinder above the working piston, when the working
piston is in its lowermost position.

9. The combination of claim 1, said valve means com-
prising a member made of resilient material in the lower
end of said cylinder, and having an opening at its under-
side communicating with the atmosphere, and with a
transverse slit below its upper end extending to said open-
ing, and forming a top flexible lip normally self-main-
tained in a raised position opening said slit, and said lip
being formed with a hole, and said drive ram passing
through said hole with a loose fit to open said hole when
said lip is depressed to close said slit.

19. The combination of claim 1, there being a limited
air passage between said working piston and cylinder to
allow compressed air to flow through said passage from
the upper to the lower side of said working piston.

11. The combination of claim 1, said valve chamber
having an inner cylindrical surface, said first sliding valve
member having a throughbore and being provided with
a piston head having a sliding sealing contact with said
inner cylindrical surface, said valve chamber having an
opening above said piston head connecting said valve
chamber with said main vent, said means controlled by
said operating member further comprising means to con-
trol the closure of said thoroughbore, said valve member
baving a greater surface at its underside than at its upper
side, means to allow air under pressure to flow from said
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reservoir through said throughbore to the underside of said
sliding valve member when said throughbore is not closed,
to thereby keep the sliding valve member in position for
allowing flow of air from said sliding valve chamber to
said main vent through said opening in said sliding valve
chamber and above said piston head, auxiliary vent means,
and means to connect said valve chamber below said
piston head, when said throughbore is closed, to said
auxiliary vent, to allow air under pressure from said
reservoir to move said sliding valve member to said posi-
tion allowing flow of air under pressure from said reser-
voir to said connecting passage, and said means to control
closure of said throughbore, comprising another sliding
auxiliary vent when said throughbore is open.

12. The combination of claim 11, said means to control
closure of said thoroughbore, comprising another sliding
valve member formed with a piston head, a chamber
having an inner cylindrical surface, said piston head of
said another sliding valve member having a sealing sliding
fit with said last mentioned cylindrical surface, passage
means to connect said return air space chamber with said
last mentioned chamber on the upper side of said last
mentioned piston head, to bring air under pressure from
said return air space to said last mentioned chamber to
move said another sliding valve member in one direction
to seal said auxiliary vent and allow air under pressure
from said reservoir o move said first sliding valve mem-
ber in a direction to interrupt flow of air under pressure
to said connecting passage, and means controlled by move-
ment of said operating member to cause movement of said
another sliding valve member in an opposite direction to
open said auxiliary vent and seal said throughbore, to
cause air to flow from said connecting passage to said main
vent.

13. The combination of claim 11, said means to control
closure of said throughbore comprising another sliding
valve member having a head at its upper end and a piston,
a seal on said head movable to close said throughbore
when said another sliding member moves in one direction,
a second seal on said another sliding valve member to
seal said auxiliary vent when said another sliding valve
member moves in an opposite direction, a chamber for
said piston on said another sliding valve member, 2 slid-
ing seal fit between said last piston and the inner surface
of its chamber, 2 member positioned to be raised by said
operating member and spring means interposed between
and positioned member and said piston, and passage means
connecting said return air space chamber and said last
chamber above said piston on said another sliding valve
member.

14. The combination of claim 13, and means to vent
the space in said last chamber above the piston therein.

5. The combination of claim 1, and means to prevent
a succeeding driving movement of said working piston,
unless in the next preceding movement of said piston, said
piston moved toward the fully driven position a distance
sufficient to close said valve means.

16. A compressed air-operated drive-in apparatus to
drive in fasteners such as nails, staples or the like, com-
prising a body provided with a working cylinder, a work-
ing piston guided for reciprocating movement in said
working cylinder, a control valve in said body, means to
provide a compressed air bias, 2 irigger on said body,
means controtled by said trigger to actuate said control
valve, said control valve comprising means controlling
said compressed air bias means and provided with a
differential piston having a front side and a rear side,
means to cause the front side of said differential piston
to be constantly biased with compressed air from said
compressed air bias means for operation of said differen-
tia] piston, means t0 bias said rear side of said differential
piston with compressed air for operation of said control
valve when the control valve is not actuated by operation
of the trigger, and to move the control valve into a pre-
determined position, said control valve having means t0

10

20

25

30

40

45

50

55

60

65

70

75

16

cut off the working side of the working piston from the
compressed air bias means and to vent the compressed
air in the cylinder and on the working side of the working
piston to the atmosphere for pressure relief when in said
predetermined position, and means to cut off the rear side
of the differential piston from the compressed air and to
connect said rear side of the differential piston with an
outlet to the atmosphere when the control valve is actu-
ated by means of the trigger, so that the control valve
moves into a position in which the working side of the
working piston is connected with the compressed air bias
means for operation thereof, an auxiliary control valve
between the control valve and the trigger, and means
dependent on continued actuation of the trigger to con-
nect the rear side of the differential piston of the control
valve with the atmosphere, a reservoir for compressed air
communicating with the cylinder when the working piston
is in its downward operated position in the cylinder, and
means responsive to a control pressure in the reservoir
occurring approximately at the end of the working stroke
of the working piston to communicate compressed air to
the rear side of the differential piston of the control valve
for operation of said control valve.

17. The combination of claim 16, and an additional
control piston operatively connected with the auxiliary
control valve.

18. The combination of claim 17, means to provide a
working chamber for said auxiliary control valve, said
additional control piston being located within said cham-
ber, said air reservoir which is adapted to be biased with
compressed air at the end of the working stroke of the
working piston, being connected with said working cham-
ber containing the additional control piston for the control
of said auxiliary control valve.

19. A pneumatic fastener driver comprising a body, a
cylinder in said body, a working piston in said cylinder,
a fastener drive ram fixed to said working piston, said
working piston being movable in said cylinder away from
retracted position, in a fastener drive direction to a pre-
determined fully driven position and back to said retracted
position, an operating member mounted for movement
on said body away from and back to a normal position,
and being movable away from normal position to an
operating position, and compressed air operated means
controlled by movement of said operating member away
from its normal position, said compressed air operated
means comprising a reservoir of air under pressure in
said body, 2 main air vent in said body, a valve chamber
in said body, communicating with said reservoir and with
said main vent, said body being formed with a passage
connecting said valve chamber with the upper end of
said cylinder and above the working piston when said
working piston is in its uppermost position in said cylin-
der, a first sliding valve member in said valve chamber
having means in one position to connect said main vent
with said connecting passage, and to interrupt flow of air
under pressure from said reservoir to said connecting pas-
sage, and in another position, to allow flow of air under
pressure from gajd reservoir to said connecting passage
and interrupt flow of air from said connecting passage tO
said main vent, and means utilizing air from said reservoir
to move said first sliding valve member from its said one
position to its said another position, another sliding valve
member in said body controlling flow of air under pres-
sure from said reservoir to control movement of said first
mentioned sliding valve member, and means controlled
by said operating member to control operation of said
another sliding valve member, a return air space chamber
formed in said body, means establishing communication
between said return air space chamber and said cylinder,
and means to conirol movement of said another sliding
valve member by air under pressure coming from said
return air space chamber.

20. The combination of claim 19, auxiliary means {0
vent air from the reservoir, to allow movement of said
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first mentioned sliding valve member from a position
where the main vent is connected to said connecting pas-
sage, to a position where said reservoir is connected to
said connecting passage.

21. The combination of claim 20, said another sliding
member having a differential piston head slidably moving
in a chamber with a sliding seal fit with the inner surface
thereof, and said means to control movement of said an-
other sliding valve member including a passage connect-
ing said return air space chamber with said last chamber,
on one side of said piston head of said another sliding
valve member.

22, The combination of claim 21, and means to vent
said last chamber on one side of said piston head.
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