EP 0 479 443 A1

Europdisches Patentamt
0’ European Patent Office

Office européen des brevets

@ Publication number:

0479443 A1

® EUROPEAN PATENT APPLICATION

@ Application number: 91308395.2

@) Date of filing: 13.09.91

@ Int. c15: FO4B 35/04

Priority: 04.10.90 GB 9021568

Date of publication of application:
08.04.92 Bulletin 92/15

Designated Contracting States:
DEFRGB IT

@

Applicant: LUCAS INDUSTRIES PUBLIC
LIMITED COMPANY

Brueton House, New Road

Solihull, West Midlands B91 3TX(GB)

Inventor: O'shea, Denis Martin
183 Yardley Road
Birmingham B27 6LZ(GB)

Representative: Cuddon, George Desmond et
al

MARKS & CLERK Alpha Tower Suffolk Street
Oueensway

Birmingham B1 1TT(GB)

@ Compressors for refrigeration apparatus.

@ A piston (42) is integral with a housing (40, 43)
of the compressor and a cylinder (24) is mounted
within the housing (40, 43) by means of radially stiff,
axially flexible resilient elements (19, 20). An elec-
tfromagnetic linear motor (10, 11, 14) for effecting
reciprocating movement of the cylinder (24) has a
stationary element (11) secured to the housing (40,
43) and radially outer and inner portions of the
resilient elements (19, 20) are secured directly to the
stationary element (11) and the cylinder (24). Prefer-
ably the resilient elements lie in planes transverse to
the axes of the piston (42) and cylinder (24), and
cooperating portions of the piston (42) and cylinder
(24) lie entirely within a zone between those planes.
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This invention relates to compressors for refrig-
eration apparatus, and in particular to compressors
for cryogenic refrigerators. Refrigerator compres-
sors are typically piston and cylinder devices and
in compressors for small refrigerators it is known to
cause reciprocation between the piston and cyl-
inder by means of a linear motor.

The piston and cylinder require to have a very
small running clearance, and this requirement is
particularly true of cryogenic refrigerators in which
the working fluid is commonly helium. In published
PCT application WO 89/03480 a seal between the
piston and cylinder is provided by ceramic sur-
faces on these parts, and the cylinder forms part of
a moving armature which is supported on the pis-
ton. The rubbing surfaces are therefore subject to
wear and increased clearance, and consequent
leakage of refrigerant fluid.

It has been proposed in, for example, GB-A
2062773, that the piston shall be of a hard material
and that the cylinder shall have a relatively soft
antifriction lining such as PTFE. In this latter refer-
ence the piston is supported within the cylinder so
as theoretically to remain concentric therewith.
However, with such a construction it has been
found in practice that even if assembly of the
piston, cylinder and linear motor is performed care-
fully on jigs, final tightening of threaded elements
used to secure the components can cause sufficent
distortion to produce unacceptable misalignment
between the piston and cylinder. The probability of
such misalignment increases with the number of
components which are required to be assembled.
Even a very small misalignment between the piston
and cylinder can result in wear on the cylinder
lining and consequent leakage of refrigerant fluid.

It is an object of the invention to provide a
compressor for a refrigeration apparatus, in which
wear between the piston and cylinder is substan-
tially reduced. In particular it is an object to provide
such a compressor in which the piston and cylinder
are independently supported and in which misalig-
nment between these parts as a result of initial
assembly is substantially reduced.

According to the invention there is provided a
compressor for a refrigeration apparatus, compris-
ing a housing containing a piston which is integral
with the housing, a cylinder and an electromagnetic
linear motor for effecting reciprocating motion be-
tween the piston and cylinder, a stationary element
of the motor being secured within the housing, and
the cylinder being mounted in the housing by
means of radially stiff, axially flexible resilient ele-
ments whose radially outer and inner portions are
secured directly to the stationary element and the
cylinder respectively.

An embodiment of the invention will now be
described by way of example only and with refer-
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ence to the accompanying drawings, in which:-

Figure 1 is a longitudinal section through a
compresssor for a Stirling type cryogenic refrigera-
tor and Figure 2 is an end view of a spring compo-
nent of Figure 1.

An annular permanent magnet 10 is mounted
in annular yoke 11 one end 12 of which defines a
magnetic pole having a first polarity. An annular
pole piece 13 is secured to the magnet and has a
second polarity. The gap between the poles 12,13
is occupied by an annular coil 14 which is mounted
on the periphery of a non-magnetic carrier 15. The
carrier 15 extends radially from a cylinder element
24 which has a blind bore 16 and annular end
faces 17,18. The carrier 15 is supported within the
yoke 11 by two spring assemblies 19,20 which are
radially stiff and axially flexible. The assemblies
19,20 are secured at their radially inner ends to the
faces 17, 18 respectively, and at their outer ends to
respective opposite end faces 21,22 of the yoke
11. The yoke 11 and carrier 15 are machined so
that the distance between the end faces 17,18 is
equal to that between the faces 21,22.

The assemblies 19,20 each comprise a stack
of flat spiral springs 30 which are separated from
each other at their peripheries and their radially
inner ends by circular spacers 35. As shown in
Figure 2 each spring 30 comprises a thin metal
disc of resilient material, formed with slits 31 which
define a multistart spiral. Twelve equi-spaced holes
32 at each of the peripheries and inner circum-
ferences enable the discs 30 and spacers 35 to be
secured together and the resulting assemblies
19,20 to be secured by bolts 33 (Fig.1) to the
carrier 15, and to the yoke 11 by bolts 34. As
shown in Figure 1 the bolts 34 also secure the
yoke 11 to a housing part 40 in which is mounted
one element of a variable displacement transducer
41. The other element of the transducer is secured
to the carrier 15. It will be seen that the peripheries
of the assemblies 19,20 lie closely adjacent the
wall of the housing part 40.

The cylinder 24 cooperates with a piston 42
formed integrally with a further housing part 43 to
define a volume 44 within which a refrigerant can
be compressed. An axial passage 45 in the piston
42 communicates with the volume 44 and with an
outlet 46. The housing part 40, the magnet 10,
yoke 11 and pole piece 13 may be assembled
concentrically with the carrier 15 using a suitable
iig which has a part equivalent to the piston 42.
The required high accuracy of concentric assembly
is rendered more readily achievable than in the
prior art by virtue of the relatively few components
involved. The yoke 11 and carrier 15 are machined
so that the axial distance between the faces 17,18
is as close to the distance between that of the
faces 21,22 as is readily obtainable. This equality
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has the effect that accumulations of tolerance on
the thicknesses of the discs 33 and their spacers
will not result in pre-stressing of either of the as-
semblies 19,20. The bolts 33,34 may therefore be
tightened down without introducing any stress
which will result in misalignment when the jig, or
the part thereof which includes the equivalent to
the piston 42, is removed. The housing part 43
may therefore be located with respect to the part
40, using the same or a further jig, to locate the
piston 42 concentrically within the bore 16 with the
necessary clearance. In the specific example de-
scribed the housing parts 40,43 are secured to-
gether by electron beam welding.

The absence of pre-stressing of the assemblies
19,20 also has the effect that the bore 16 will
remain concentric with the piston 42 during recip-
rocation of the former. By permitting the peripher-
ies of the assemblies 19,20 to extend to locations
closely adjacent the wall of the housing part 40, the
diameters of the discs 30 are considerably in-
creased and permit the use of substantial bolts
33,34, which provide an improved clamping load.
The described construction also permits the piston
42 to have a greater axial dimension than is possi-
ble with prior art arrangements. The clearance be-
tween the piston 42 and the bore 16 may thereby
be increased without increasing leakage flow
through that clearance.

Claims

1. A compressor for a refrigeration apparatus,
comprising a housing (40, 43), a piston (42)
integral with said housing (40, 43), a cylinder
(24) and an electromagnetic linear motor (10,
11, 14) for effecting reciprocating motion be-
tween said piston (42) and said cylinder (24),
characterised in that a stationary element (11)
of said motor (10, 11, 14) is secured within
said housing (40, 43), and said cylinder (24) is
mounted in said housing (40, 43) by means of
radially stiff, axially flexible resilient elements
(19, 20) whose radially outer and inner portions
are secured directly to said stationary element
(11) and said cylinder (24) respectively.

2. A compressor as claimed in claim 1 in which
said outer portions of the resilient elements
(19, 20) are closely adjacent a wall of said
housing (40, 43).

3. A compressor as claimed in claim 1 or claim 2
which includes two axially spaced resilient ele-
ments (19, 20) which lie in planes transverse to
the axes of said piston (42) and cylinder (24).

4. A compressor as claimed in claim 3 in which
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cooperating portions of the piston (42) and
cylinder (24) lie in a zone between said planes.

A compressor as claimed in claim 3 or claim 4
in which said stationary element (11) has an-
nular end faces (21, 22) to which peripheral
portions of said resilient elements (19, 20) re-
spectively are secured, and said cylinder (24)
has axial end faces (17, 18) to which radially
inner portions of said resilient elements (19,
20) respectively are secured.

A compressor as claimed in claim 5 which
includes clamping means (33, 34) for urging
said resilient elements (19, 20) into engage-
ment with said annular end faces (17, 18 and
21, 22).

A compressor as claimed in claim 6 in which
the distance between the end faces (21, 22) of
said stationary element (11) is equal to the
distance between the end faces (17, 18) of
said cylinder (24).
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