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@ A piston air or gas compressor, preferably for filling divers’ breathing air cylinders.

@ A piston compressor preferably for producing compres-
sed air at high pressure for the filling of divers’ breathing air
cylinders, comprising a cylinder and a plunger type piston
provided with sealing rings at both ends thereof, these
respective piston ends operating in cylinder bore portions of
unequal diameters, the cylinder having stationary sealing
rings located between these two bore portions for sealingly
engaging the piston wall and thus divide the ring cylindrical
space between the sealing rings of the opposed piston ends
into two individual compression chambers usable as con-
secutive compression stages. A first compressing stage of
large volume can be provided between the piston top and
the cylinder end, and the compressor may thus operate as a
three stage compressor with the use of a simpie and robust
cylinder and piston arrangement.
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A piston air or gas compressor, preferably for f£illing divers'

breathing air cylinders.

This invention relates to piston compressors of the type
referred to in the introductory clause of claim 1.

Normally high pressure compressors adapted to produce an
air pressurz of more than one hundred of atm are made as multi stage
compressors having a differential piston comprising a broad piston
portion working in a correspondingly wide cylinder portion for
producing a nracorpression, and a so-called steeple piston projecting
from the broad piston intc a narrow cylinder portion, in which the
steeple piston serves to compress the air as precompressed in said
wvide cylinder portion, the air being transferred from the wide
cylinder por+tion to the steeple cylinder through suitable valve and
tube means normally including means for cooling of the precompressed
air. . ’

By high pressure compression it is very important that the
so—-called dead space in a piston compressor be kept as small as
possible, and the use of the said steeple piston is based on this
requirement. When a large diameter piston is used it is,for various
reasons, very éifficult to achieve a very high compression between
the piston end surface and the adjacenf closed end of the cylinder
in which the piston is reciprocated, a.o. because in practice the
piston end cennot be brought into complete surface engagement with the
end or top of the cylinder, and because the uppermost sealing ring on
the piston cannot be located flush with the piston top surface, since

the seating groove of the sealing ring requires piston material to be
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present at both sides thereof. The dead air volume remaining when
the piston assumes its top position will of course be smaller, the
smaller the piston diameter is, and thence it has been preferred to
make use of?ggid steeple piston arrangement for the last compressor
stage, whereby a high final pressure is obtainable.

Another reason for using the steeple piston is that the piston
is mountable on the broad piston so as to be reciprocated together
therewith; this involves a relatively long working stroke, and since
in the final compression stage a reduced volume of air is handled,
the cylinder should be correspondingly narrow.

It is well known, however, that the steeple pistons are dis-
advantageous from a constructional point of view, because they require
an extremely accurate mounting and a special cylinder which may well
be built together with the cylinder for the larger piston, but still
a8 & separately produced element.

It is already known, though probably not used in the present
preferred connection, that in a normal large size compressor having
a large diameter piston working with considerable stroke length in a
first, ordinary cylinder chamber, it is possible to arrange for a
small size compression chamber without making use of a steeple piston,
viz. when the small chamber is confined between the cylindrical inner
wall of the cylinder and the cylindrical outer wall of a plunger type
piston, i.e. a ring cylindrical space confined axially between sealing
rings on the respective opposite piston ends, the cylinder midweys
heving a constriction such that one piston end works in a cylinder
portion wider than the cylinder or bore portion in which the opposite
piston end works. By each working stroke of the piston the volume
of the larger chamber will be reduced more than the volume of the
smaller chamber is increased, and a resulting compression action is
obtained. However, the said smaller chamber represents a dead space
w%ich will normally be far too large for hgh compression purposes,
and though such a differential compressor type is of simple design due
to the cylinder and thepiston having at least substantially the
same diameters throughout their lengths, it has been preferred to use

the much more expensive system comprising the said steeple piston.
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increase in a simple manner the efficiency of the compressor type

‘n which the compression is effected in an annular cylindrical space
abcut <the vpiston, to such a degree that the said steeple piston
arrzngamsns LI no longer Te required.

Accoriing <o *the nventicn there is provided a compressor of the
type referred tc, which is characterized by the features stated in the
characterizing clause of claim 1. When the said annular sealing means
are mounted steslonnrily in the wall of the cylinder immediately
adjacent the said constriction of the cylinder bore, or so as to
direct constitute the constriction, the piston sealing ring structure
of the coonerating end of the piston may be moved, by the compression
stroke of the.piston, practically into face-to-face engagement with the
fixed sealing means, whereby there will be practically no dead space
left between these parts. The space, of course, should be connected
with exterral inlet and outlet valve means, but the valve means may be
arranged, in known manner, sc as to give rise to only a very small
dead space.

In vractice the compressor according to the invention is well
suited =0 be (esizned with a compression chamber at either side of
the fixed sealing means, both cooperating with a common,throughgoing
plunger piston having sealing ring means at both ends, whereby a
simple double stage compressor is provided when the cylinder bore
éortions at both sides of the fixed sealing means are of mutually
different dismeters. Moreover, the piston may be used additionally for
serving an ordinary- compression chamber adjacent the free end of the
piston and e closed end of the cylinder, such that a simple and robust
three-stage high pressure compressor may be built from a cylinder
block and a piston of substantially uniform cross dimensions along
the entire length thereof.

Irn the following the invention is described in more detail, -
by way of example, with referenge to the accompanying drawing, which

shows a sectional view of a compressor according to the invention.
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The compressor shown comprises a cylinder block 2 having an upper
bore 4 and a lower, narrower bore 6 located at either side of a
shoulder 8, which constitutes a lower side wall of a mplding groove
10 for a sealing ring 12, In the cylinder 2 is mounted a cylindrical
plunger piston 14 having adjacent its lower end a set of piston rings
16 working in the bore portion 6, and having adjacent its upper end
another set of piston rings 18 of increased diameter, working in the
upper bore portion k4. _

The said sealing ring 12 is the uppermost ring in a set of
sealing rings 20 mounted in seating grooves in a middle portion of
the cylinder 2 and operating to slidingly seal against the cylindrical
surface of the piston 14, these rings being of the contraction type
as kwnon e.g. from stuffing boxes about piston rods. The lowermost
of the rings 20 is designated 22. The bottom of the piston is hinged
to & connector rod 24 which in a conventional manner connects the
piston with a driving crank (not shown) for reciprocating the piston
in the cylinder. The top of the cylinder is closed by a top piece 26.

In-the compressor shown is provided three compression chambers,
viz. a larger chamber 28 between the piston top and the top piece
26, a ring cylindrical middle size chamber 30 confined axially between
the lowermost ring 181 of the top piston rings 18 and the uppermost
sealing ring 12 of the fixed ring goup 20, and a smaller ring
cylindric chamber 32 confined axially between the lowermost sealing
ring 22 of the fixed ring group 20 and the uppermost ring 161 of the
lower piston ring group 16, respectively. Each of these compression
chambers is in a manner not shown, but known per se, connected with
respective suction and exhsust valve means through channels generally
designated 34, such valve means being indicated solely at 36 in the
top piece 26.

The larger compression chamber 28 is adapted to take in air
from the atmosphere and deliver the pre-compressed air to the suction
side of the inermediate compression chamber 30, the valve channel 3k
of which are located immediately sbove the sealing ring 12. The
exhaust valve of the chamber 30 is connected, through external cooling

means (not shown) to the intake valve of the narrow compression

chamber 32, the valve channels 34 of which are located immediately
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underneath the lowermost sealing ring 22 of the fixed ring group 20.
In a manrer not illustrated the outlet of the chamber 32 may
communicate, through the respective exhaust valve, with a connector
pipe for connection with a high pressure bottle or cylinder to be
filled with compressed sir at high pressure.

The said crank for driving the piston 1s so dimensioned that the
piston is moved between a first outer position, in which the top of
the piston is located close to the top piece 26 and in which the upper
piston ring 15! of the bottom ring set 16 is located immediately
adjacent the underside of the lower sealing ring 22 of the fixed
ring group 20, and an opposite outer position in which the lower
piston ring 181 of the ubper ring group 18 is located immediately
above the uppermost sealing ring 12 of the fixed ring group 20.

Adjacent the top of the piston the compression chamber 28 will
in the usual manner be downwardly limited by means of the uppermost
piston ring, designated 182, of the upper ring group 18, and since the
ring 182 is by practical necessity situated somewhat axially spaced
below the top surface of the piston itself the chamber 28 will not be
able to be reduced to zero by the upstroke of the piston. However,
the chamber is perfectly usable as a precompression stage serving to
deliver precompressed air to the intermediate chamber 30.

In the chamber 30 the air will be further compressed by the
following downstroke of the piston, not between the ring members 181
“and 12, and here it is important that these ring members are mounted
such that they may be moved very closely together to practically
eliminate any dead.space therebetween. Finally and correspondingly
the air as further compressed in the chamber 3C is supplied to the
narrow compression chamber 32, wherein the air is stili further
compressed to a very high pressure when the piston ring 161 is moved
upwardly to a position extremely close o a surface <ongagement with the

underside of the lower sealing rirg >~ cf the fixea ring group 20. -
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It will be appreciated that with the use of the fixed sealing
rings 20 and especially the lowermost ring 22 thereof as projecting
against the piston surface direct from the wall of the cylinder
bore portion cooperating with the lower piston rings 16, the chamber
32 between these respective rings will be narrowable practically
to zero, whereby the dead space of the last compresscr stage may be
kept as small as possible.

A known compressor type is principally rather similar to the
compressor shown in the drawing, but is not provided with the fixed
sealing rings 12, 20, 22, whereby a compression chamber 30 is formed
direct between the two opposed sets of piston rings 16 and 18,
the bore 6 underneath the constriction 8 being only slightly larger
than the piston diameter. However, the entire space underneath the
constriction 8, down to the bottom piston rings in the owermost
position of the piston will then constitute the said dead space,
which will be of a considerably size. The provision of the fixed
sealing rings 20 according to the present invention constitutes an
important improvement in this respect, even if it is chosen to mount
the uppermost fixed ring 12 in a seating groove spaced slightly
below the constriction shoulder 8 between the bore portions 4 and 6.

The compressor shown can be manufactured in-a relatively simpie
manner, since both the cylinder and the piston are of substantially
uniform width throughout their length. The piston is assembled from
a cylindrical tube 38 bottomwise provided with the piston rings 16,
an inverted cup shaped bottom piece 40 having a lower edge flange
L2 engaging the lower edge of the tube 38, and a cylindrical %op
piece 4l provided with the upper set of piston rings 18 and forming
a piston top of slightly increased diameter. The top piece Li serves
to hold a pair or number of axiasl bolts 46 screwed down intu acrew
threaded holes in the top side of the bottom piece 40, which is
thereby held clamped against the lower edge of the piston tube 36.
The compressor is assembled by mounting tle sealing rings 20 irn 4the
cylinder and introducing from below the piston tube 32 with its
lower piston rings 16 and bottom piece 40; the piston top piece ik
with the piston rings 18 is introduced from above through the cpex
top end of the cylinder, whereafter the bolts U6 are tightered and
the cylinder tope piece 26 is mounted.
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7 %the single sealing rings of the various ring groups 16,
18 and 20 were entirely sealing it would of course be sufficient to
use but a single ring in each respective group, but so far no
entirely selaing and yet practically usable sealing ring has been
develeoond, so 1% Is preferred o use respective multiple ring systems.
In this connection it is important that the fixed rings 12, 20, 22
are mounted in & cylinder bore portion generally of the same
relatively small diameter as that of the bwer bore portion 6, because
leaking ailr from woth of the compression chembers 30 and 32
will then intrude into a relatively narrow space, in which a high
counter pressure will then be rapidly built up, so as to effectively
1imit +he leakage and “herewith restrict the effective size of the
said dead space.

For the invention it is the compression chamber 30 or particularly
32 which is of primary importance, and of course the invention will
al30 comprise 2 compresscr which is built solely with one or both
of these chambers, or which is provided with two cylinders comprising
various respective low, intermediate and high pressure chambers, when
at least one of these chambers, preferably the last high pressure

chamber, is desigreé in anccordance with the principle of the inventiocn.
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CLAIMS

1. A piston compressor, prerferebly a high pressure air compressor
for charging breathing air cylinders for divers, ;omprising a high
pressure working chamber and preferably one or more additional
compression chambers connected in series therewith, said high pressure
chamber being constituted by a ring cylindrical space confined '
radially between the cylindrical outside of the piston and the inside
of the cylinder bore in which the piston works and axially between

a piston séaling ring structure on the piston and a constriction of
the cylinder bore, annular sealing means being provided for sealing
the space between the piston surface and the constricted portion of
the cylinder bore, characterized in that said constriction of the
cylinder bore is located close to or constituted by the side of said
annular sealing means facing the high pressure working chamber, these
sealing means being mounted fixed to the inside of the cylinder bore
for sealing against the outside of the piston as reciprocated relative
thereto, said piston being reciprocable so as to bring, by each working
stroke, said piston sealing ring structure into a position axially

very close to said annular sealing means.
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2. A piston compressor according to claim 1, characterized in that
said annular sealing mears are seated in holding groove means in the
wall of a cylinder portion of generally the same diameter as that

of the bore of the high pressure working chamber.

3. A piston compressor according to claim 1 or 2, characterized

in that both the cylinder and the piston extend beyond the oppo-
site side of said annular sealing means and at that side form an ad-
ditional compression chamber confined between said opposite side of
the annular sealing means and an additional piston sealing ring
structure mounted on “he respective extended portion of the piston.
4, A piston compressor according to claim 3, characterized in that
the portion of the additional piston sealing means confining said
additional compression chember is constituted by a-sealing ring
member projecting from a holding groove arranged adjacent the
piston portion forming an end of the piston length having the same
diameter as said énnular sealing means.

5. A piston compressor according to any of the preceding claims
and comprising a cylinder block closed at one end in such a manner
that the piston end surface adjacent this cylinder end forms a
reciprocable wall in a precompression chamber, while the cylinder
block is provided with two coaxial bore portions of mutually different
diameters, characterized in that the said annular sealing means

are placed immediately between said two bore portions, and that the
bore portion of the largest diameter is located adjacent the closed
end of the cylinder, the piston being constituted by & cylindrical
body which, in the bore portion of the largest diameter, is provided
with a piston head of enlarged diameter and serving as a mounting
base for piston sealing ring means sealing against the cylinder bore
wall of said precompression chamber.

6. A piston compressor according to claims 3 and 5, characterized
in that it is built as a three stage compressor comprising both the
precompression chamber, the said additional compression chamber, and
the said high pressure working chamber, said chambers being series

connected through suitable inlet and outlet valve means.
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