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[57] ABSTRACT

The reciprocating compressor is made with yoke units
which connect opposite pairs of pistons while eliminat-
ing play between the yoke units and sliding block. Each
yoke unit includes a pair of shoes which are removably
secured to the pistons and which are adapted to guide
the sliding block moved by a crankshaft. Each yoke unit
also includes a clamp ring which surrounds the shoes
and which biases the shoes towards the sliding block.
The shoes are removably secured to the pistons to per-
mit the yoke unit to be readily disassembled. Bow-
shaped clamping members may also be employed within
each yoke unit to further bias the clamp ring against the
shoes.

13 Claims, 2 Drawing Sheets
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1
RECIPROCATING COMPRESSOR

This invention relates to a reciprocating compressor.
'More particularly, this invention relates to a reciprocat-
ing compressor for the compressing of gaseous fuels.
As is known, various types of compressors have been
known for the compressing of gases such as natural gas,
for example for use as fuel. In some cases, the compres-
sors have been constructed with at least two cylinders
connected in series with each cylinder containing a
' pxston In addition, the pistons have been dlsposed in
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a respective cylinder on the axis, a sliding block dis-
posed between the pistons and a crank pin of a drive
motor disposed in the block for moving the block trans-
versely of the axis. In accordance with the invention, a
pair of shoes are provided with each shoe being remov-

~ably secured to a respective piston and disposed be-

" tween a respective piston and the block. In addition,

pairs one opposite the other on a common axis while

being coupled to a sliding block via a yoke. The block, .

in turn, has been guided for movement transversely of a
common axis between two parallel guide surfaces
formed on the yoke with a crank pin of a drive shaft
engaging in the block. '

For example, a four stage small-capacity compressor
of this type is described in U.S. Pat. No. 4,936,327 and.

European Patent Apphcatlon 0269082 and is used for
high pressure. Two pairs of pistons are disposed with a
90° offset from one another and the yokes are each
made in one piece and provided with a slot in which the
associated sliding block constructed in the form of a
square is guided via linear needle bearing systems. The
exact guidance of the sliding block, which is important
for reliable and minimum-maintenance operation of
such compressors, requires very accurate machining of
those parts which cooperate via a rolling bearing sys-

each shoe has a guide surface facing the block to accom-
modate the transverse motion of the block during oper-
ation of the compressor.

Still further, the invention provides a means which
bears on and biases the shoes under a prestress toward
the block in parallel to the common axis of the cylin-
ders. This means may be in the form of at least one
elastically deformable supporting clamp ring which
surrounds the shoe and the block for biasing the shoes

‘towards the block under a prestress.

. The shoes and the clamp ring together define a yoke

" " unit which is of relatively simple construction. In addi-
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tem or sliding surfaces in the case of the known con-

structions, partxcularly in the case of compressors for
high pressures, in which correspondingly high bearing
forces occur. However, this means that the production
costs for the yoke and the sliding block are correspond-
ingly expensive.

Other types of compressor arrangements have also
been known for interconnecting opposed pairs of pis-
ton. For example, U.S. Pat. No. 2,312,057 describes a
mechanical movement in which opposed pairs of pis-
tons are interconnected by links which straddle a crank-
shaft used to drive the pistons. In addition, use has been
made of a spring to resiliently force the pistons of the
pair toward each other to confine associated rollers
between the ‘pistons and the crankshaft. However, such
a construction is rather cambersome and does not per-
‘mit the links and sprmgs to be removed as a unit for
maintenance or repair purposes in a simple manner.

tion, the yoke unit ensures that the shoes are pressed
against the sliding block with a predetermined prestress,
for example via cooperating sliding surfaces or via roll-
ing bearings. Accordingly, the drive is transmitted to
the pistons via the sliding block and shoes without any
impact.

These.and other objects and advantages of the inven-
tion will become more apparent from the following
detailed description taken in conjunction with the ac-
companying drawings wherein:

‘FIG. 1 illustrates a cross sectional view of a compres-
sor constructed in accordance with the invention;

FIG. 2 illustrates a detailed cross-sectional view of a
modified reciprocating compressor constructed in ac-

" cordance with the invention; and

FIG. 3 illustrates a view taken on line III—III of
FIG. 2. '
Referring to FIG. 1, the compressor which operates

as a small capacity compressor comprises four cylinders

" 1, 2, 3 and 4 in which pistons 5, 6, 7 and 8 are recipro-
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_ German O.S. 2 120 101 describes a radial compressor

_ which employs a bow-shaped wire for interconnecting

two opposed pistons in contact with a bearing on a
_ crankshaft. However, due to the bow shape of the wire,
play can readily occur between the plstons and the
bearing during use since the legs of the wire may readily
flex relative to each other.

Accordingly, it is an object of the invention to reduce
the cost of constructing a reciprocating compressor
having multiple cylinders.

It is another object of the invention to ensure substan-
tially play-free accurate parallel guidance of the pistons
of a reciprocating compressor during operation.

It is another object of the invention to provide a
relatively simple structure for avoiding play between
the pistons and a sliding block of a reciprocating com-
pressor. '

Briefly, the invention provides a reciprocating com-
pressor which has at least one pair of cylinders disposed
on a common axis with a piston reciprocally mounted in
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cally guided. The opposed pair of cylinders 1, 3 has a
common horizontal axis 10 lying in the drawing plane,
while the other pair of cylinders 2, 4, are disposed on a
common horizontal axis 11 set back from the drawing
plane. The pistons 5, 7 are coupled, by means of a yoke
unit 14 connecting. their piston rods 12, 13 to a square
sliding block 15 which is mounted on a crankpin 16 of a
vertical crankshaft 17 by means of a plain bearing sys-
tem or, as indicated in FIG. 1, via a rolling bearing
system (needle bearing) 9 to be movable transversely of
the axis 10 between the two cylinders'1, 3. The crank-

shaft 17 is connected to a motor (not shown), e.g. an
electric motor.

The pistons 6, 8 are coupled via a second yoke unit 22
connecting their piston rods 20, 21 to a second sliding
block (not shown) mounted on the crankpin 16 and
movable transversely of the axis 11 offset 90° from the
yoke unit 14,

The yoke unit 14 illustrated in FIG. 1 is composed of
a pair of shoes 23 and means in the form of an elastically
deformable supporting clamp ring 26. As illustrated,
each shoe 23 has a flat guide surface 18 facing the slid-
ing block 15 so that the two shoes 23 provide parallel
guide surfaces 18 for guiding the sliding block 15 trans-
versely thereof. Each shoe 23 is rigidly connected to
one of the piston rods 12, 13 in any desired manner, for
example, by means of a screw 25, and on the side facing

" the associated piston, has a cylindrical respect surface

24. The shoes 23 can cooperate with the block 15 by
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way of plain bearing systems or, as shown in FIG. 1, via
rolling bearing systems 27 such as linear needle bear-
ings.

The clamp ring 26 surrounds the shoes 23 and the
block 15 for bmsmg the shoes 23 towards the block 15 in
. parallel to the axis 10 between the two cylinders 1, 3

under a prestress. The clamp ring 26 is fitted onto the
support surfaces 24 under a predetermined prestressing
" to cause the shoes 23 to be pressed, by a corresponding
predetermincd biasing force by way of the rolling bear-
ing systems 27, against guide surfaces 19 of the block 15.
Correspondingly, the shoes 23 of the second yoke unit
22 are braced against the guide surfaces 19 of the second
block (not shown), these surfaces extending parallel to
the axis 10. This arrangement ensures that the pistons 5,
7T are coupled without any play in the direction of the
axis 10 and that the pistc_ms 6, 8 are coupled without play
in the direction of the axis 11 to the associated sliding
_ blocks. This ensures a corréspondingly unpact-free

drive connection between the crankpin 16 and the pis-

tons 5, 6, 7 and 8. The connection between the clamp
ring 26 and the shoes 23 is secured by the piston rods 12,

13; 20, 21 which are each taken to the associated shoe 23
through an aperture 28 formed at the circumference of
the clamp ring 26.

. The compressor has a valve arrangement which oper-
ates, for example as described in U.S. Pat. No.
4,936,327. For example, the piston 5 which is shown in
its top dead center position, has a plurality of intake
valves 35 each associated with an aperture 30. Only one
such valve is shown. The intake valves 35 each establish
a connection, dunng the intake stroke of the piston 5,
between a comprcssxon chamber 31 of the cylinder 1
forming the first compression stage and the central
crank chamber 36 of the compressor. The crank cham-

“ber 36 is connected to a feed line (not shown) for the gas
for compression, e.g. natural gas, which is fed to the
crank chamber 36 at a pressure of, for example, 10 mbar
and is sucked into the comprcssxon chamber 31. During
the compression stroke, the gas is compressed to a pres-
sure of, for example, 5 bar and is fed, through delivery
valves 37 in the head of cylinder 1 (only one such valve
is shown) via a connecting duct 38 to the second com-
pression stage formed by the cylinder 2.

In the cylinder 2, the gas is drawn into a compression
chamber 32 on the intake stroke of the piston 6, through

" intake valves 35 in the cylinder head, while on the sub-
sequent compression stroke it is compressed to a pres-
sure of, for example, 20 bar and fed, via a central deliv-
ery valve 37 and a connected duct 39, to the third com-
presslon stage formed by the cylinder 3, the piston 7 of
which is shown in its bottom dead-center position. The
gas drawn into the compressxon chamber 33 on the
intake stroke of the piston 7 is correspondingly com-
pressed in the cylinder 3 on the subsequent compression

,stroke to a pressure, for example, 60 bar and delivered

via a connecting duct 40 to the final prcssuré stage
formed by the cylinder 4.

In the cylinder 4, the gas drawn into the compressxon
chamber 34 on the intake stroke of the piston 8 is com-
pressed, on the compression stroke, to a pressure of, for
example, 200 bar and delivered via the delivery valve 37
to the delivery line 41 which may be connectable to a
pressure vessel (not shown) for the comprcssed gas. The
pressure vessel may, for example, be in the form of a
motor vehicle gaseous fuel tank.

The intake valves 35 and delivery valves 37 may be
constructed in any desired manner. -

4

_ As shown in FIG. 1, the shoes 23 may be constructed
with lateral stops 43 which limit the range of movement

of the rolling bearing systems 27.

Referring to FIG. 2, wherein like reference charac-
ters indicate like parts as above, each yoke unit 14, 22
may also include a pau of bow-shaped clamplng mem-
bers, each of which is inserted between a pair of shoes

" 43 and the clamp ring 26. As illustrated, each clamping

.25
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‘member 44 has two bent-up ends which are adapted to
be resiliently braced against the facing sides of the shoes
23. These ends also define stops 43, as above, to limit the
rolling action of the roiling bearing arrangement 27.
Each bent end 43 extends in parallel to the common axis
10, 11.

The bow-shaped clamping members 44 can be dis-
posed so as to exert an outwardly directed biasing force
on the clamp ring 26 to further ensure a biasing of the
shoes 43 inwardly of the clamping ring 26, that is,
toward the sliding block 15.

" As shown in FIG. 2, the rolling bearing systems 27

"each comprise a plurality of needle-shaped rolling ele-

ments 45 disposed in a cage movable between the stops
43.

As also shown in FIG. 2, a lining 47 formed of a wear
resistant material such as hardened steel is disposed as a
guide surface on each shoe 43 for the rolling of the
rolling elements 45 thereon. Each lining 47 may be
formed by a plate securable on a shoe 23 in any desired
manner, ¢.g. by means of a solder connection. Alterna-
tively, the linings 47 may be formed by an appropriately
applied layer of a material having appropriate bearing
properties, e.g. a ceramic material. The block 15 may
also be provided with a corresponding lining or be
made from a wear-resistant material.

As shown in FIGS. 2-and 3, the two clamp rings 26
may each be provided with two cover members 48 in
the form of caps made from a plastic. Each cover mem-
ber 48 has an end wall 50 laterally defining the interior
of the clamp ring 26 and a flange part or lip 51 fitted
onto a shoulder part of the associated clamp ring 26.
The end walls 50 are each provided with a slot-like

_ aperture 52 for the passage of the crankpin 16, such

aperture being adapted to the range of movement of the

" block 15. The interiors of the yoke units 14, 22 contain-
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ing the bearing systems 9 and 27 are protected from
fouling by penetrating dust by means of the cover mem-
bers 48 in conjunction with cover plates 53 which are
fitted on the crankpin 16 and which cover the apertures
52.

The clamp ring 26, the shoes 23 connected to the
piston rods 12, 13 and 20, 21, respectively, and the block
15 form a self-supporting mounting unit which is guided
in the respective pair of cylinders 1, 3, and 2, 4, respec-

“tively, disposed opposite one another. The screwless,

resiliently deformable connection between the shoés 23

‘permits compensation of inaccuracies of the cooperat-

ing parts, especially a partial shifting of the shoes 23 in
a circumferential direction of the clamp ring 26. Corre-
spondingly, the shoes 23 can adjust exactly parallel to
the guide surfaces 29 of the block 15 under a substan-
tially constant biasing force of the clamp ring 26. Fur-
ther, the clamp ring 26 ensures an even allotment of the
biasing force to the block 15.

In a modified embodiment (not shown), the mounting
for two cooperating shoes 23 may comprise two sup-
porting clamp rings disposed axially offset on either side
of the piston rods 12, 13 and 20, 21, respectively, and
adapted each to be fitted with prestressing onto the
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shoulder parts of the shoes 23 opposite one another.
Correspondingly, for mounting and demounting of
these clamp rings, the shoes can be kept in touch with
the piston rods. Also, the shoes can be integral with the
piston rods. Instead of clamp nngs, it is also possible to
use other mountings with connecting paits releaseable
from and braceable against the shoes.

The invention is not limited to compressors of the
type described hereinbefore and illustrated but is also
suitable for two-stage or multi-stage compressors and
for other applications, e.g. breathing apparatus com-
pressors, compressors for low-temperature technology
and the like.

The invention thus provides a reciprocating compres-
sor of relatively simple construction wherein play be-
tween the pistons and sliding block is reduced to a mini-
mum.

Further, the invention provides a reciprocating com-
pressor which can be readily disassembled for repair
and maintenance purposes. In this respect, the yoke
units may be removed from the compressor for mainte-
nance purposes without having to dismantle the entire
piston and cylinder assemblies therefrom.

What is claimed is:

1. A self-supporting mounting unit for a reciprocating
compressor comprising

at least a pair of pistons disposed on a common axis;

a sliding block disposed between said pistons for
movement transversely of said axis, said block hav-
ing a pair of mutually parallel flat guide surfaces
perpendicular to said axis;

a pair of shoes, each shoe being secured to a respec-
tive piston and disposed between a respective pis-
ton and said block, each shoes having a flat guide
surface facing a respective flat guide surface of said
block and a cylindrical support surface; and

at least one elastically deformable supporting clamp
ring surrounding said shoes and said block for bias-
ing said shoes towards said block and parallel to
said axis under a prestress, said ring being disposed
on said cylindrical support surface of each shoe.

2. A mounting unit as set forth in claim 1 which fur-
ther comprises a cover member having a central open-
ing receiving a crankpin therein and a circumferential
flange disposed over and about said clamp ring.

3. A mounting unit as set forth in claim 1 which fur-
ther comprises a wear-resistant lining disposed on and
between at least one of said block and a respective shoe.
_ 4. A mounting unit as set forth in claim 1 which fur-
‘ther comprises a linear rolling bearing system disposed
between said block and a respective shoe and a pair of
lateral stops for limiting motion of said system relative
"to said respective shoe.

5. A self-supporting mounting unit for reciprocating
compressor comprising

at least a pair of pistons disposed on a common axis;

a sliding block disposed between said pistons for
movement transversely of said axis;

a pair of shoes, each shoe being removably secured to
a respective piston and disposed between a respec-
tive piston and said block, each shoe having a flat
guide surface facing a respective flat guide surface
of said block and a cylindrical support surface; and
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6. A mounting unit as set forth in claim 5 wherein said
means includes at least one clamp ring surrounding said
shoes.

1A mounting unit as set forth in claim 6 wherein said
ring has a pair of diametrically opposed openings for
passage of said respective pistons therethrough

8 A rec1procatmg compressor comprising

at least one pair of cylinders disposed on a common
axis;

at least a pair of pistons, each piston being recipro-
cally mounted in a respective cylinder on said axis;

a slxdmg block disposed between said pistons on sa1d
axis;

a crankpin disposed in said block for moving said

_ block transversely of said axis;

a pair of shoes, each shoe being secured to a respec-
tive piston and disposed between a respective pis-
ton and said block, each shoe having a guide sur-
face facing said block;

a linear rolling bearing system disposed between said

- ‘block and a respective shoe; a pair of lateral stops
for limiting motion of said bearing system relative
to said respective shoe;

at least one elastically deformable supporting clamp
ring surrounding said shoes and said block for bias-
ing said shoes towards said block and parallel to
said axis under a prestress; and

a pair of clamping members disposed within said
clamp ring, each clamping member being disposed
against said shoes in bridging relation to said block

~ and having said lateral stops thereon.

9. A reciprocating compressor as set forth in claim 8

wherein each shoe has a cylindrical support surface

" receiving said clamp ring thereon.

10. A reciprocating compressor as set forth in claim 8

- which further comprises a cover member having a cen-
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tral opening receiving said crankpin therein and a cir-
cumferential flange disposed over and about said clamp
ring.
11. A reciprocating compressor comprising
at least one pair of cylinders disposed on a common
axis;
at least a pair of pistons, each piston being recipro-
cally mounted in a respective cylinder on said axis;
a sliding block disposed between said pistons on said
axis;
a crankpin disposed in said block for moving said
block transversely of said axis;
a pair of shoes, each shoe being removably secured to
a respective piston and disposed between a respec-
tive piston and said block, each shoe having a guide
surface facing said block;
at least one clamp ring means bearing on and biasing
said shoes under a prestress towards said block and
parallel to said axis; and
a pair of clamping members disposed within said
clamp ring, each clamping member being disposed
against said shoes in bridging relation to said block
for biasing said clamp ring outwardly of said axis.
12. A reciprocating compressor as set forth in claim
11 wherein said ring has a pair of diametrically opposed
openings for passage of said respective pistons there-
through.
13. A reciprocating compressor as set forth in claim

means bearing on said cylindrical support surface of 65 11 wherein each shoe has a cylindrical support surface

each shoe and biasing said shoes under a prestress
towards said block and parallel to said axis.

receiving said clamp ring thereon.
5 * %X % %
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