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1
CRYOGENIC STIRLING REFRIGERATOR
WITH A PNEUMATIC EXPANDER

FIELD OF THE INVENTION

The present invention relates to cryogenic refrigerators.
More particularly, the present invention relates to a cryo-
genic split Stirling refrigerator with a resonant pneumatic
expander.

BACKGROUND OF THE INVENTION

Cryogenic refrigeration systems are widely used for pro-
viding and maintaining various payloads at stabilized cryo-
genic temperatures. For example, an infrared imager typi-
cally includes a focal plane array that needs to be cooled in
order to reduce dark currents below desired limits, thus
improving signal to noise ratio. A typical high resolution
infrared imager, therefore, typically includes a mechanical
closed-cycle Stirling cryogenic refrigerator (sometimes also
referred to as “cryogenic cooler” or “cryocooler”).

A typical mechanical Stirling cryogenic cooler includes
two major components: a pressure wave generator (e.g.,
piston compressor) and an expander that includes a resonant
piston displacer supported by a spring. A reciprocating
motion of a compressor piston provides cyclic pressure
pulses and volumetric flow of a gaseous working agent
(helium, nitrogen, argon, etc.) in the expansion space of the
expander. During an expansion stage of operation of the
cryocooler, the expanding working agent performs mechani-
cal work on the moving sealing piston; this results in cooling
effect in the working agent contained in the expansion space
of the expander and heat absorption from the payload which
is thermally attached to the expansion space. During a
compression stage of operation of the refrigerator, the work-
ing agent is compressed in the compression space of the
piston compressor so that the heat absorbed from the pay-
load along with the compression heat is expelled to the
ambient environment at a warm end of the resonant
expander that is in thermal contact with the environment.

In a split refrigerator, the expander and compressor are
separate units that are interconnected by a gas transfer line
(e.g., a thin-walled stainless steel tube). This arrangement
typically increases flexibility of the system design and
isolates the cooled component from vibrations and heat
generated by the operation of the piston compressor. In this
implementation, the displacer may be actuated pneumati-
cally using net differential force exerted due to the differ-
ences of active areas of the driving pistons and applied
dynamic pressures.

SUMMARY OF THE INVENTION

There is provided, in accordance with some embodiments
of'the invention, a split Stirling cryogenic refrigerator device
that includes a resonant pneumatic expander comprising a
resonant displacer assembly supported by a spring and
configured to slide back and forth along a longitudinal axis
within a housing of the resonant pneumatic expander. The
resonant displacer assembly includes a tubular displacer
containing a regenerator and coupled to a sealing piston, and
a driving piston coupled to the sealing piston by an elon-
gated radially compliant and axially rigid connecting mem-
ber. In some embodiments of the invention, a diameter of the
tubular displacer is substantially equal to a diameter of the
sealing piston.
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In some embodiments of the invention, the diameter of the
tubular displacer is unequal to the diameter of the driving
piston.

In some embodiments of the invention, the diameter of the
tubular displacer is greater than the diameter of the driving
piston.

In some embodiments of the invention, each of the sealing
piston and the driving piston is configured to slide back and
forth in a matched bore within a bushing.

In some embodiments of the invention, the sealing piston
and the driving piston are configured to slide back and forth
within a coaxially arranged cold finger of the expander and
proximal and distal bushings.

In some embodiments of the invention, the matched bores
are substantially coaxially aligned in a single bushing.

In some embodiments of the invention, the spring is a
helical spring.

In some embodiments of the invention, the spring is a
planar spring.

In some embodiments of the invention, the spring is a
pneumatic spring.

In some embodiments of the invention, the spring is a
magnetic spring.

In some embodiments of the invention, the magnetic
spring comprises two stationary, axially and similarly polar-
ized permanent magnet rings and a movable, oppositely
axially polarized permanent magnetic ring positioned
between the two stationary axially polarized permanent
magnetic rings.

In some embodiments of the invention, the spring con-
stant of the spring is selected to have a resonance frequency
that is substantially equal to a predetermined driving fre-
quency of the cryogenic refrigerator.

In some embodiments of the invention, the connecting
member is selected from the group consisting of: a rod, a
preloaded helical spring with closed coils and a tube.

In some embodiments of the invention, the driving piston
is located at a warm side of the device.

In some embodiments of the invention, the tubular dis-
placer is located in a cold finger of the device.

In some embodiments of the invention, the regenerator
includes porous regenerative heat exchanger material.

In some embodiments of the invention, the device
includes a transfer line for transferring cyclic pressure pulses
into the housing to drive the resonant displacer assembly.

In some embodiments of the invention, the transfer line is
located so as to transfer the cyclic pressure pulses into a
confined space between the sealing piston and the driving
piston.

In some embodiments of the invention, the transfer line is
located so as to transfer the cyclic pressure pulses into a
confined space behind the driving piston.

BRIEF DESCRIPTION OF THE DRAWINGS

In order for the present invention to be better understood
and for its practical applications to be appreciated, the
following Figures are provided and referenced hereafter. It
should be noted that the Figures are given as examples only
and in no way limit the scope of the invention. Like
components are denoted by like reference numerals.

FIG. 1 is a block diagram of a split Stirling cryogenic
refrigerator device, according to some embodiments of the
invention.

FIG. 2 schematically illustrates a pneumatically driven
resonant expander with two pistons connected by a radially
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compliant and axially rigid connecting member and a helical
assisting spring in a rear space, according to some embodi-
ments of the invention.

FIG. 3 schematically illustrates a pneumatically driven
resonant expander, with a planar assisting spring in a rear
space, according to some embodiments of the invention.

FIG. 4 schematically illustrates a pneumatically driven
resonant expander, with a tubular compliant connecting
member that pneumatically connects a warm space with a
regenerator, according to some embodiments of the inven-
tion.

FIG. 5 schematically illustrates a pneumatically driven
resonant expander, with a magnetic assisting spring, accord-
ing to some embodiments of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough under-
standing of the invention. However, it will be understood by
those of ordinary skill in the art that the invention may be
practiced without these specific details. In other instances,
well-known methods, procedures, components, modules,
units and/or circuits have not been described in detail so as
not to obscure the invention.

Although embodiments of the invention are not limited in
this regard, discussions utilizing terms such as, for example,
“processing,” “computing,” “calculating,” “determining,”
“establishing”, “analyzing”, “checking”, or the like, may
refer to operation(s) and/or process(es) of a computer, a
computing platform, a computing system, or other electronic
computing device, that manipulates and/or transforms data
represented as physical (e.g., electronic) quantities within
the computer’s registers and/or memories into other data
similarly represented as physical quantities within the com-
puter’s registers and/or memories or other information non-
transitory storage medium (e.g., a memory) that may store
instructions to perform operations and/or processes.
Although embodiments of the invention are not limited in
this regard, the terms “plurality” and “a plurality” as used
herein may include, for example, “multiple” or “two or
more”. The terms “plurality” or “a plurality” may be used
throughout the specification to describe two or more com-
ponents, devices, elements, units, parameters, or the like.
Unless explicitly stated, the method embodiments described
herein are not constrained to a particular order or sequence.
Additionally, some of the described method embodiments or
elements thereof can occur or be performed simultaneously,
at the same point in time, or concurrently. Unless otherwise
indicated, the conjunction “or” as used herein is to be
understood as inclusive (any or all of the stated options).

FIG. 1 is a block diagram of a split Stirling cryogenic
refrigerator device, according to some embodiments of the
invention.

In accordance with an embodiment of the present inven-
tion, a cryogenic refrigerator is based on the closed Stirling
thermodynamic cycle. The split configuration, according to
some embodiments, comprises a piston compressor 1 that
includes a compressor (e.g., piston compressor) driven by an
electromagnetic actuator and configured to cyclically com-
press and decompress a gaseous working agent. A compres-
sion space of the compressor is connected by a transfer line
3 (e.g., any conduit that is capable of enabling a flow of the
working agent) to a warm space of an expander 2 that
includes a displacer assembly which is arranged to resonate
inside the cold finger. The distal end of the cold finger (e.g.,
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4

a cold tip of the cold finger) is typically placed in thermal
contact with a component or object that is to be cooled to
cryogenic temperatures. In this manner, the compressor
(which may include the most bulky and massive components
of the refrigerator, and which require connection to a source
of electrical power) may be located remotely from the object
to be cooled. This may enable flexibility in the design of a
component that requires cooling.

A distal end of the cold finger tube of the resonant
expander is sealed using the cold finger plug, thus forming
a cold tip, e.g., which may be placed in thermal contact with
an object to be cooled. The cold finger extends distally out
of the cold finger base. The outer surfaces of the cold finger
base are sealed to prevent any flow of the working agent or
another gas in or out of the cooling unit except via the
transfer line.

The cold finger tube encloses a displacer assembly that is
configured to slide distally and proximally within the cold
finger tube. The displacer assembly includes displacer tube
enclosing a regenerative heat exchanger, or regenerator. The
regenerator typically includes a porous solid material that is
configured to enable passage of the gaseous working agent
through the regenerator while cyclically absorbing and
releasing heat from and to the working agent. A distal (cold)
end of the regenerator is open to a cold expansion space that
is located at the distal end of the cold finger, between the
cold finger plug and the distal end of the regenerator.

A displacer assembly may also include a sealing piston
that is coupled to, and constrained to slide with, the displacer
tube, a driving piston and an elongated radially compliant
and axially rigid connecting member that connects the
sealing piston to the driving piston. A compliant connecting
member may be in the form of a thin rod, a preloaded helical
spring with closed coils (so as not to enable compression,
and with a sufficiently large preload force so as to prevent
stretching under operating conditions), a thin-walled tube, or
similar structure. The axial rigidity of the spring dictates a
substantially constant length in the axial direction, which is
substantially coaxial with the back and forth motion of the
pistons, being substantially incompressible and non-stretch-
able (e.g., having high longitudinal stiffness) along its lon-
gitudinal axis, and being laterally bendable (e.g., has low
transverse stiffness) about axes that are orthogonal (radial)
to the longitudinal axis.

The sealing piston and the driving piston are configured to
slide distally and proximally along a longitudinal axis of the
expander within tightly matched distal and proximal bush-
ing bores. A sliding clearance seals are, therefore, configured
between the driving piston and the sealing piston and the
distal and proximal bushing bores, respectively, in order to
prevent flow of the working agent between (i) the cold
expansion space and warm space, and (ii) warm and rear
space on the other side.

The combined effect of different diameters of the sealing
and driving pistons and/or pressure variation facing their
faces may exert a net differential cyclic force on the coupled
pistons that facilitates resonant drive.

In one example, the warm space may be bounded by the
proximal face of the sealing piston and the distal face of the
driving piston, the transfer line enters the warm space
through a lateral side of the cold finger base, into a confined
space between the pistons, and the proximal end of the
driving piston protrudes into the rear space bounded by the
cold finger base and a rear cover.

The compliant connecting member that connects the
sealing piston and the driving piston may be, for example, in
the form of an elongated rod of small diameter or a spring
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with preloaded closed coils. In this example, one or more
axial conduits are provided in the sealing piston for pneu-
matic communication between the warm space and warm
side of the regenerator; thus, the dynamic pressure facing
both ends of the sealing piston having substantially equal
areas is substantially equal, such that no net force is acting
upon the sealing piston. As different from the sealing piston,
the proximal and distal ends of the driving piston ends
protrude pneumatically into isolated warm and rear spaces
with different dynamic pressures, whereupon the dynamic
pressure in the rear space is negligibly small as compared
with dynamic pressure in the warm space, and thus the
dynamic net differential force may be applied to the driving
piston. In particular, when the dynamic pressure in the warm
space is positive, the net differential force is directed out-
wards the cold finger tip, and, when the dynamic pressure in
the warm space is negative, the net differential force is
directed towards the cold finger tip.

A resilient connecting member (e.g., a helical spring, a
planar spring, a magnetic spring) may be located in the rear
space and connect the proximal end of a movable driving
piston protruding into the rear space and one of the static
components forming the rear space (e.g. lateral walls, a
proximal wall, or a bushing end that is located within the
rear space). A spring rate or spring constant of the resilient
connecting member may be selected (e.g., in light of the
masses of the moving assembly, including the sealing piston
and driving piston, regenerator, compliant connecting mem-
ber and the displacer) to have a resonance frequency that is
at or close to the driving frequency.

In another example, the warm space may be bounded by
the distal end of the sealing piston, distal bushing walls and
rear cover, such that the transfer line protrudes into the warm
space through the back side of a rear cover.

The compliant connecting member that connects the
sealing piston and driving piston may be in the form of an
elongated tube of small diameter protruding through axial
conduits that are provided in the sealing piston and driving
piston for pneumatic communication between the warm
space and warm side of the regenerator.

In this example, the rear space is bounded by the distal
end of the driving piston, proximal end of the sealing piston,
cold finger base walls, proximal and distal ends of the distal
and proximal bushings, respectively. The tubular compliant
connecting member is located inside the rear space.

The dynamic pressure variation inside the warm space is
applied to the proximal end of the driving piston and distal
end of the sealing piston, having substantially different face
areas. The dynamic pressure variation inside the rear space
acting upon the distal end area of the driving piston and upon
the proximal end of the sealing piston is negligibly small,
and thus the net differential force applied to the coupled
pistons may be due to the difference in diameters of the
sealing piston and driving piston. In particular, for the proper
phase and stroke control as needed for providing efficient
cooling effect, the diameter of the driving piston may be
substantially smaller than the diameter of the sealing piston,
and thus, when the dynamic pressure in the warm space is
positive, the net differential force is directed outwards the
cold finger tip, and, when the dynamic pressure in the warm
space is negative, the net differential force is directed
towards the cold finger tip.

A resilient connecting member (e.g., a helical spring, a
planar spring, a magnetic spring) may be located in the rear
space and connect one of the components of the moving
assembly with one of the static components forming the rear
space (e.g. lateral walls, a proximal wall, or a bushing end
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that is located within the rear space). A spring rate or spring
constant of the resilient connecting member may be selected
(e.g., in light of the masses of the moving assembly, includ-
ing the sealing piston and the driving piston, regenerator,
compliant connecting member and the displacer) to have a
resonance frequency that is at or close to the driving
frequency.

An expander that includes two compliantly connected
pistons may require a less stringent alignment than an
expander that incorporates a prior art single-piece stepped
piston (e.g., with different diameters at opposite ends)
arranged to slide inside the single-piece stepped bushing

FIG. 2 schematically illustrates a resonant pneumatic
expander with a displacer actuated by a driving piston
connected by an elongated radially compliant connecting
member and an assisting helical spring in a rear space,
according to some embodiments of the invention.

Resonant pneumatic expander 10 of a split Stirling cryo-
genic cooler may be operated by a piston compressor (not
shown) to absorb heat from the payload at low temperature
into cold finger plug 16 at a distal end of cold finger 12.
Warm space 24, enclosed in cold finger base 14 of a resonant
pneumatic expander 10, is connected to the compression
space of a piston compressor by transfer line 40 for trans-
ferring pneumatic cyclic pressure pulses of a working agent
(typically an inert gas, e.g., helium, argon, nitrogen, etc) into
between expander 10 and the piston compressor. The piston
compressor may be operated with driving frequency as to
cyclically increase and decrease the gas pressure of the
working agent.

For example, cold finger plug 16 of cold finger 12 may be
placed in thermal contact with a region, object, or compo-
nent that is to be cooled, typically, to cryogenic tempera-
tures. Walls of cold finger 12 may be made of a thermally
non-conductive material (e.g., titanium or stainless steel
alloy or another suitable material) and are sufficiently thin so
as to minimize parasitic heat flow from the warm cold finger
base 14 to the cold finger plug 16.

Cold finger base 14 of resonant pneumatic expander 10 of
a split Stirling cryogenic cooler encloses bushing 26, rear
space 33, driving piston 42, sealing piston 30, and warm
space 24. Sealing piston 30 and driving piston 42 may move
distally and proximally within tightly matched concentric
bores within bushing 26.

Sealing piston 30 is connected to, and constrained to
move distally and proximally together with, displacer tube
18. Displacer tube 18 includes regenerative heat exchanger
20 made of porous solid media through which the gaseous
working agent can flow and with which the gaseous working
agent may exchange heat. For example, regenerative heat
exchanger 20 may be fabricated in the form of stacked disks
constructed of fine metal or plastic screens or random fiber.
Regenerative heat exchanger 20 may have a sufficient heat
capacity, heat conductivity and wet surface to facilitate
required cyclic heat exchange with gaseous working agent.

Sealing piston 30 includes one or more conduits 32 to
enable pneumatic flow of the working agent between warm
space 24 and warm end of regenerator 34 at a proximal end
of regenerative heat exchanger 20. Thus, the gas pressure of
the working agent is substantially identical within both
warm space 24 and warm regenerator end 34.

An expansion space 22 is formed within cold finger 12
between a distal (cold) end 50 of regenerative heat
exchanger 20 and cold finger plug 16. Distal seal 37 between
sealing piston 30 and bushing 26 (e.g., one or more clear-
ance seals or another type of seal) may pneumatically isolate
warm space 24 from expansion space 22. Thus, any flow of
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the working agent between warm space 24 and expansion
space 22 is constrained to flow from warm regenerator end
34, regenerative heat exchanger 20, and cold regenerator end
50. Distal and proximal motion of displacer assembly 18
may result in cryogenic cooling effect in the expansion space
22 and, therefore, heat absorption from the heat load
mounted at the cold finger plug 16.

Driving piston 42 is connected to sealing piston 30 via
elongated compliant connecting member 44. In the example
shown, compliant connecting member 44 may include an
elongated thin rod (e.g., metal or plastic), a helical spring
with preloaded closed coils, or another elongated mechani-
cal component that has a substantially constant length (e.g.,
is substantially incompressible and non-stretchable in the
elongated dimension parallel to longitudinal axis 11), but is
bendable about axes that are perpendicular to longitudinal
axis 11. Accordingly, driving piston 42 and sealing piston 30
are constrained to move together along the direction of
longitudinal axis 11. Proximal seal 46 between driving
piston 42 and bushing 26 (e.g., one or more clearance seals
or another type of seal) may pneumatically isolate warm
space 24 from rear space 33.

Gas pressure of the working agent may act on face
surfaces of driving piston 42 and sealing piston 30. Since
distal and proximal face surfaces of sealing piston 30 and
pressures acting upon them are substantially equal, a
dynamic pressure applied to the sealing piston 30 does not
produce a differential net force. At the same time, since the
volume of the isolated rear space is substantially larger than
the rear volume variation due to a cyclic protrusion of piston
42, the pressure in the rear space is close to the mean charge
pressure. Therefore, the dynamic gas pressure in the warm
space 24 acting on the face surface 48 may exert a proximal
force on the proximal piston 42. Since the magnitude of this
force equals magnitude of the pressure variation times the
area of face surface, the magnitude of this force may be
controlled by choosing the diameter of the piston 42, which,
therefore, may be called “driving rod”.

Motion of displacer assembly including displacer 18,
regenerator 20, compliant connecting member 44, driving
piston 42 and sealing piston 30 may be assisted by a resilient
connecting member. In the example shown, the resilient
connecting member is in the form of helical spring 52. In the
example shown, helical spring 52 is located within rear
space and extends between proximal rear cover 36 sealing
the cold finger base 14 and the proximal end of driving
piston 42. For example, a spring rate of helical spring 52
may be predetermined such that a resonant frequency of
motion sprung displacer assembly (18,20,44.42 and 30) is
substantially equal to a driving frequency, e.g. K=Mw?,
where

is the spring rate, M [kg] is the mass of displacer assembly
and

o]

is the circular driving frequency.
In other examples, the resilient element may include, a
magnetic spring (e.g., as described below), a planar spring,
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a pneumatic spring, or another type of resilient connecting
member, or combinations thereof.

FIG. 3 schematically illustrates a resonant pneumatic
expander with a planar assisting spring in a rear space,
according to some embodiments of the invention.

In a resonant pneumatic expander 60, an assisting resilient
connecting member is in the form of planar spring 54. Planar
spring 54 may be constructed in the form of at least one
planar thin circular disk with at least two spiral slots and
may be centrally attached to the proximal end of driving
piston 42 and peripherally attached to stationary interior
walls of rear space 33. For example, a spring rate of planar
spring 54 may be predesigned such that a resonant frequency
of motion sprung displacer assembly (18,20,44,42 and 30) is
substantially equal to a driving frequency, as explained
above.

FIG. 4 schematically illustrates a resonant pneumatic
expander, with a tubular compliant link that mechanically
connects the driving piston and the sealing piston and
pneumatically connects a warm space with a regenerator,
according to some embodiments of the invention.

In resonant pneumatic expander 70, the transfer line 40
protrudes through the rear cover 36 (which seals the cold
finger base) so that cyclic pressure pulses transferred
through the transfer line 40 are introduced into the warm
space provided in cold finger base 14, behind driving piston
42. Warm space 24 is bounded by rear cover 36, proximal
bushing 76, and proximal face 78 of driving piston 42
(which is located distally to warm space 24). Driving piston
42 is configured to move distally and proximally (along
longitudinal axis 11) within a tightly matched bore of
proximal bushing 76.

Driving piston 42 is connected to sealing piston 30 by
compliant tube 72, which protrudes through rear space 33
(which is also distal to warm space 24). Sealing piston 30 is
configured to move distally and proximally (along longitu-
dinal axis 11) within a tightly matched bore of distal bushing
27. Driving piston 42 includes conduit 74, and sealing piston
30 includes conduit 32. Compliant tube 72 pneumatically
connects between conduit 74 and conduit 32. Thus, compli-
ant tube 72, conduit 74 and conduit 32 enable a pneumatic
path between warm space 24 and warm end of regenerator
34.

In this case, as different to above explained example,
dynamic pressure of the working agent may act upon
proximal face 78 of driving piston 42 and on the proximal
face 39 of sealing piston 30 at the warm end of regenerator
34. The distal face of the driving piston 78 and the distal face
of sealing piston 30 protrude the rear space 33 where the
dynamic pressure is negligibly small at all times. Accord-
ingly, a net proximal force may be applied to the moving
assembly that is equal to the difference in surface areas
between the distal face 39 of sealing piston 30 and proximal
face 78 of driving piston 42 times pressure in the warm
space 24

In this example, an assisting resilient element in the form
of planar spring 54 is attached to the perimeter of compliant
tube 72 and to the stationary interior walls of rear space 33.
A spring rate of planar spring 54 may be predesigned such
that a resonant frequency of motion of sprung displacer
assembly is substantially equal to a driving frequency, as
explained above.

FIG. 5 schematically illustrates a resonant pneumatic
expander, with a magnet assisting spring, according to some
embodiments of the invention.

In resonant pneumatic expander 80, one of two axially
polarized permanent magnet rings 82 is attached to distal
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bushing 27, and the other is attached to proximal bushing 76.
Oppositely axially polarized permanent magnetic ring 84 is
attached to compliant tube 72 within rear space 33 between
identically axially polarized permanent magnetic rings 82.
In this example, oppositely polarized permanent magnetic
disk 84 is repelled by both identically axially polarized
permanent magnetic rings 82, thus forming a failure free
magnetic spring which is more cost efficient as compared
with planar spring.

Different embodiments are disclosed herein. Features of
certain embodiments may be combined with features of
other embodiments; thus, certain embodiments may be
combinations of features of multiple embodiments. The
foregoing description of the embodiments of the invention
has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. It should be appre-
ciated by persons skilled in the art that many modifications,
variations, substitutions, changes, and equivalents are pos-
sible in light of the above teaching. It is, therefore, to be
understood that the appended claims are intended to cover
all such modifications and changes as fall within the true
spirit of the invention.

While certain features of the invention have been illus-
trated and described herein, many modifications, substitu-
tions, changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifi-
cations and changes as fall within the true spirit of the
invention.

The invention claimed is:

1. A split Stirling cryogenic refrigerator device compris-

ing:
a resonant pneumatic expander comprising a resonant
displacer assembly supported by a spring and config-
ured to slide back and forth along a longitudinal axis
within a housing of the resonant pneumatic expander,
the resonant displacer assembly comprising
a tubular displacer containing a regenerator and
coupled to a sealing piston, and

a driving piston coupled to the sealing piston by an
elongated radially compliant and an axially rigid
connecting member, wherein the connecting member
comprises a preloaded helical spring with closed
coils.

2. The device of claim 1, wherein a diameter of the tubular

displacer is substantially equal to a diameter of the sealing
piston.
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3. The device of claim 1, wherein a diameter of the tubular
displacer is unequal to a diameter of the driving piston.

4. The device of claim 3, wherein the diameter of the
tubular displacer is greater than the diameter of the driving
piston.

5. The device of claim 1, wherein each of the sealing
piston and the driving piston is configured to slide back and
forth in a matched bore within a bushing.

6. The device of claim 5, wherein the sealing piston and
the driving piston are configured to slide back and forth
within a coaxially arranged cold finger of the expander and
proximal and distal bushings.

7. The device of claim 5, wherein the matched bores are
substantially coaxially aligned in a single bushing.

8. The device of claim 1, wherein the spring is a helical
spring.

9. The device of claim 1, wherein the spring is a planar
spring.

10. The device of claim 1, wherein the spring is a
pneumatic spring.

11. The device of claim 1, wherein the spring is a
magnetic spring.

12. The device of claim 11, wherein the magnetic spring
comprises two stationary axially and similarly polarized
permanent magnet rings and a movable oppositely axially
polarized permanent magnetic ring positioned between the
two stationary axially polarized permanent magnetic rings.

13. The device of claim 1, wherein the spring constant of
the spring is selected to have a resonance frequency that is
substantially equal to a predetermined driving frequency of
the cryogenic refrigerator.

14. The device of claim 1, wherein the driving piston is
located at a warm side of the device.

15. The device of claim 1, wherein the tubular displacer
is located in a cold finger of the device.

16. The device of claim 1, wherein the regenerator
includes porous regenerative heat exchanger material.

17. The device of claim 1, comprising a transfer line for
transferring cyclic pressure pulses into the housing to drive
the resonant displacer assembly.

18. The device of claim 17, wherein the transfer line is
located so as to transfer the cyclic pressure pulses into a
confined space between the sealing piston and the driving
piston.

19. The device of claim 17, wherein the transfer line is
located so as to transfer the cyclic pressure pulses into a
confined space behind the driving piston.
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