
REVOLVINGVANE COMPRESSOR and METHOD for its
MANUFACTURE Reference to Related Application Reference
is made to our international patent application filed
on 28 June 2007 under number PCT/SG2007/000187 for an
invention entitled "Revolving Vane Compressor" ("our
earlier application"), the contents of which are
hereby incorporated by reference as if disclosed
herein in their entirety. Technical Field This
invention relates to a revolving vane compressor and
to a method for its manufacture and refers
particularly, though not exclusively, to such a
revolving vane compressor and method where the vane is
fixed relative to one of the rotor and the cylinder.
Definition Throughout this specification a reference
to a compressor is to be taken as including a
reference to a pump. Background One of the crucial
factors affecting the performance of a compressor is
its mechanical efficiency. For example, the
reciprocating piston-cylinder compressor exhibits good
mechanical efficiency, but its reciprocating action
results in significant vibration and noise problems.
To negate such problems, rotary compressors have
gained much popularity due to their compactness in
design and low vibration. However, as their parts are
in sliding contact and generally possess high relative
speeds, frictional losses are high. This has limited
their efficiency and reliability. In rotary sliding
vane compressors, the rotor and vane tip rub against
the cylinder interior at high speeds, resulting in
large frictional losses. Similarly, in rolling-piston
compressors, the rolling piston rubs against the
eccentric and the cylinder interior thereby resulting
in significant friction losses.If the relative speeds
of the contacting components in rotary compressors can
be effectively reduced, their overall performance and
reliability may be able to be improved. Summary
According to an exemplary aspect there is provided a
revolving vane compressor comprising: a cylinder
having a cylinder longitudinal axis of rotation, a
rotor mounted within the cylinder and having a rotor
longitudinal axis of rotation, the rotor longitudinal
axis and the cylinder longitudinal axis being spaced
from each other for relative movement between the
rotor and the cylinder; a vane operatively engaged in
a 



slot for causing the cylinder and the rotor to rotate
together, the vane being mounted in the slot with a
two degree-of-freedom motion relative to the slot for
enabling the rotor and the cylinder to rotate with
each other. According to another exemplary aspect
there is provided a revolving vane compressor
comprising a vane operatively engaged in a slot for
movement relative thereto, the slot being shaped to
enable the movement to be a sliding movement and a
pivoting movement at the same time. A further
exemplary aspect provides a revolving vane compressor
comprising: a cylinder, a rotor mounted within the
cylinder, a vane operatively engaged in a slot for
movement relative thereto for enabling the cylinder
and the rotor to rotate together. The vane comprises a
portion of the rotor or the cylinder. It is either
rigidly attached to or integral with the rotor or the
cylinder. The slot is in the other of the rotor and
the cylinder. A yet further exemplary aspect provides
a revolving vane compressor comprising a vane
operatively engaged in a slot for movement relative
thereto, the slot comprising an inner portion, an
intermediate portion forming a narrow neck, and an
enlarged outer end portion, the narrow neck have a
clearance fit with the vane; the narrow neck
comprising a pivot for a sliding and a non-sliding
movement of the vane relative to the slot.The
revolving vane compressor of the other exemplary
aspect may further comprise a cylinder having a
cylinder longitudinal axis of rotation, a rotor
mounted within the cylinder and having a rotor
longitudinal axis of rotation, the rotor longitudinal
axis and the cylinder longitudinal axis being spaced
from each other for relative movement between the
rotor and the cylinder; a vane operatively engaged in
a slot for causing the cylinder and the rotor to
rotate together, the motion comprising a two
degree-offreedom motion for causing the rotor and the
cylinder to rotate with each other. For the revolving
vane compressor of the further exemplary aspect, the
cylinder may have a cylinder longitudinal axis of
rotation, and the rotor may have a rotor longitudinal
axis of rotation. The rotor longitudinal axis and the
cylinder longitudinal axis may be spaced from each
other for relative movement between the rotor and the
cylinder. The vane and the slot may be capable of
movement relative to each other. The movement may
comprise a two degree-of-freedom motion. The revolving
vane compressor of the further exemplary aspect may
further comprise: a cylinder having a cylinder
longitudinal axis of rotation, a rotor mounted within
the cylinder and having a rotor longitudinal axis of
rotation. The rotor longitudinal axis and the cylinder
longitudinal axis may be spaced from each other for
relative movement 



between the rotor and the cylinder. The vane may be
operatively engaged in a slot for causing the cylinder
and the rotor to rotate together. The sliding and
non-sliding movement may comprise a two
degree-of-freedom motion. The slot may be in the
cylinder and the vane may comprise a part of the
rotor. Alternatively, the slot may be in the rotor and
the vane may comprise a part of the cylinder. The vane
may be one of: rigidly attached to and integral with,
the rotor or the cylinder. The two degree-of-freedom
movement may comprise a sliding movement and a
pivoting movement.The slot may comprise an inner
portion, an intermediate portion forming a narrow
neck, and an enlarged outer end portion. The narrow
neck may have a clearance fit with the vane. The
narrow neck may comprise a pivot for a non-sliding
movement of the vane relative to the slot. The inner
portion may be chamfered. The inner portion and the
intermediate portion may form a smooth curve. The
enlarged outer end portion may be bulbous. The
pivoting contact between the vane and the neck may
form a seal. One of the rotor and the cylinder may be
operatively connected to a drive shaft. The operative
connection may be one of: rigidly connected to and
integral with, the drive shaft. According to a
penultimate exemplary aspect there is provided a
method for manufacturing a revolving vane compressor
as described above, the method comprising forming a
front bearing pair and a rear bearing pair from a
single piece of raw material with all features of the
front bearing pair and rear bearing pair required for
correct alignment of the front bearing pair and the
rear bearing pair being formed simultaneously. The
features of the front bearing pair and the rear
bearing pair may each comprise a cylinder bearing and
a rotor bearing. According to a final exemplary aspect
there is provided a method for manufacturing a
revolving vane compressor as described above, the
method comprising forming a cylinder and a cylinder
end plate from a single piece of raw material with all
features of the cylinder and a cylinder end plate
required for correct alignment of the cylinder and a
cylinder end plate being formed simultaneously. The
features of the cylinder and a cylinder end plate may
comprise end faces and a cylindrical journal. For both
the penultimate and final exemplary aspects, the raw
material may be machined to align a centre of gravity
of the raw material with a rotational axis of the raw
material to thereby achieve dynamic balancing to
reduce vibration. Brief Description of the Drawings In
order that the invention may be fully understood and
readily put into practical effect 



there shall now be described by way of non-limitative
example only exemplaryembodiments, the description
being with reference to the accompanying illustrative
drawings. In the drawings: Figure 1 is a front
sectional view of an exemplary embodiment; Figure 2 is
a side sectional view of the exemplary embodiment of
Figure 1; Figure 3 is a series of illustrations
illustrating the operating cycle of the exemplary
embodiment of Figures 1 and 2; Figure 4 is an enlarged
illustration of the vane-to-slot connection of the
exemplary embodiment of Figures 1 to 3; Figure 5 is a
view corresponding to Figure 1 of another exemplary
embodiment; Figure 6 is a view corresponding to Figure
2 of the other exemplary embodiment of Figure 5;
Figure 7 is a series of illustrations illustrating the
operating cycle of the other exemplary embodiment of
Figures 5 and 6; Figure 8 is a view corresponding to
Figure 4 of a further exemplary embodiment; Figure 9
is a schematic illustration corresponding to Figure 1
of an exemplary embodiment after the manufacturing
process; Figure 10 is a schematic illustration of a
first stage in the manufacturing process; Figure 11 is
a schematic illustration of a second stage in the
manufacturing process; Figure 12 is a schematic
illustration of a third stage in the manufacturing
process; Figure 13 is a schematic illustration of a
fourth stage in the manufacturing process; Figure 14
is a schematic illustration of a fifth stage in the
manufacturing process; Figure 15 is a schematic
illustration of a sixth stage in the manufacturing
process; Figure 16 is a schematic illustration of a
seventh stage in the manufacturing process; Figure 17
is a schematic illustration of a eighth stage in the
manufacturing process; and Figure 18 is a schematic
illustration of a ninth stage in the manufacturing
process. Detailed Description of the Exemplary
Embodiments To refer to Figures 1 to 4, there is shown
a revolving vane compressor 10 having a vane 12, a
rotor 14 and a cylinder 16. The vane 12 is rigidly
fixed to or integral with the rotor 14. This has one
advantage of reducing the number of components. The
vane 12 may be fabricated with the rotor 14, if
desired. The vane 12 engages in a blind slot 18 in
thecylinder 16. The vane 12 is located in the slot 18
such that it is a sliding and pivotal fit within the
slot 18 and is able to simultaneously move in a
sliding and pivoting manner. Both the vane 12 and the
rotor 14 are housed in the cylinder 16. The head 20 of
the vane 12 is rigidly connected to, or integral with,
an external surface 22 of the rotor 14. The 



slot 18 is located in an interior surface 23 of side
wall 24 of the cylinder 16, the side wall 24 being
cylindrical and of a larger diameter than the rotor
14. This provides a secure attachment of the vane 12
to the cylinder 16. The rotor 14 is mounted for
rotation about a first longitudinal axis 26 and the
cylinder 16 is mounted for rotation about a second
longitudinal axis 28 (Figure 2). The two axes 26, 28
are parallel and spaced apart such that the rotor 14
and the cylinder 16 are assembled with an
eccentricity. In consequence, during rotation of the
rotor 14 and the cylinder 16, a line contact 30 always
exists between the external surface 22 of rotor 14 and
the interior surface 23 of the side wall 24. Both the
rotor 14 and the cylinder 16 are supported
individually and concentrically by journal bearing
pairs 32. Both the rotor 14 and the cylinder 16 are
able to rotate about their respective longitudinal
axes 26, 28 respectively, the two axes 26, 28 also
being the axes of rotation. A drive shaft 34 is
operatively connected to or integrated with the rotor
14 and is preferably co-axial with the rotor 14. The
drive shaft 34 is able to be coupled to a prime mover
(not shown) to provide the rotational force to the
rotor 14 and thus to the cylinder 16 via the vane 12.
During operation, the rotation of the rotor 14 causes
the vane 12 to rotate which in turn forces the
cylinder 16 to rotate due to the location of the vane
12 within slot 18. The motion causes the volumes 36
trapped within the vane 12, cylinder 16 and the rotor
14 to vary, resulting in suction, compression and
discharge of the working fluid. The cylinder 16 also
has flanged end plates 38 that may be integral with
the side wall 24, or may be separate components
securely attached to side wall 24. As such, the end
plates 38 also rotate as the entire cylinder 16,
including side wall 24 and end plates 38, is made to
rotate by the vane 12, and thus rotate with the rotor
14. By doing so frictionbetween the vane 12 and the
internal surface 22 of the side wall 24 is virtually
eliminated. However, it does cause the addition of a
cylinder journal bearing at journal bearing pair 32 to
support the rotating cylinder 16 which results in
additional frictional losses. Those losses are of a
lower magnitude as it is relatively easy to provide
lubrication to the journal bearing pairs 32. Also,
frictional loss between the rotor 14 and the cylinder
end plates 38 is reduced to a negligible level, as
will be explained below. The entire cylinder 16, with
the end plates 38, is able to rotate. This reduces
friction at the sliding contacts between the end faces
38 of the cylinder 16, and the rotor 14. This is
because the relative, sliding velocity between the end
plates 38 and the rotor 14 is significantly reduced.
Although known designs using fixed end plates simplify
the positioning of the 



discharge and the suction ports, they result in
significant frictional losses. They have a stationary
housing against which the rotor rotates, thus inducing
large frictional losses. This reduces the mechanical
efficiency of the machine, and also reduces
reliability due to greater wear-and-tear. The heat
generated by the friction also reduces the overall
compressor performance due to suction heating effects.
As all the primary components of the compressor 10 are
in rotation, the suction and discharge ports are also
in motion. As described in our earlier application,
the compressor 10 may have a high-pressure shell 40
that surrounds the cylinder 16 and rotor 14. The
high-pressure shell 40 may be stationary, with the
cylinder 16 and rotor 14 rotating within and relative
to the shell 40. The suction inlet 44 is along the
rotor shaft 34 and co-axial with the axis of rotation
26 of the rotor 14 and is operatively connected to the
suction pipe (not shown). The suction inlet 44 has a
first portion 46 that extends axially of the shaft 34;
and one or more second portions 48 that extend
radially of the rotor 14 to the outer surface 22 of
the rotor 14 to provide one or more suction ports 52.
The number of second portions 48 and suction ports 52
may depend on the use of the compressor 10, and the
axial extent of the rotor 14.One or more discharge
ports 54 are positioned in and through the side wall
24 of the cylinder 16, preferably close to the slot
18. By close to it is meant next to, immediately
adjacent, or adjacent. This is to reduce to a minimum
a "dead" volume between the slot 18 vane 12 and the
discharge port(s) 54. As such the discharged gas or
fluid is contained within the hollow interior 56 of
the shell 40 before exiting from the compressor 10
using a known exit apparatus. The discharge ports 54
each have a discharge valve assembly (not shown)
positioned over the discharge ports. The discharge
valve assembly may have a valve stop securely mounted
to the side wall 24 of cylinder 16 by a fastener; as
well as a discharge valve reed over the discharge
port. The compression cycle is shown in Figure 3. In
(a) the compressor 10 is at the beginning of the
suction phase to draw the working fluid into a suction
chamber 66; and the compression of the working fluid
in a compression chamber 68. The vane 12 separates the
working chamber 36 into the suction chamber 66 and the
compression chamber 68. When the compressor 10 has
reached the position in (b), the suction of the fluid
into the suction chamber 66 and compression in the
compression chamber 68 is continuing. In (c) the
suction process continues, and the discharge of the
fluid through discharge ports 54 occurs when the
pressure inside the compression chamber 68 exceeds
that of the hollow interior 56 of the shell 40. At (d)
the suction and discharge of the 



fluid have almost completed. As can be seen, the vane
12 has a sliding movement relative to its slot 18
during the movement of the rotor 14 relative to
cylinder 16. From an external, fixed frame the line
contact 30 appears stationary. But from within the
cylinder 16 the line contact 30 appears to move around
the internal surface 23 of sidewall 24 once every
complete revolution of the cylinder 16 and rotor 14.
The vane 12 of Figures 1 to 6 is oriented radially to
the rotational center of the rotor 14. However, a
non-radial straight vane or a curved vane may be used.
This may be with the radial slot 18 as shown, or with
a non-radial slot. In Figure 4 the details of the slot
18 are shown. The slot 18 has three portions: an inner
portion 18(a) immediately adjacent the interior
surface 23 and which as circumferentially chamfered;
and intermediate portion 18(b) that has a
reducedclearance d to the vane 12; and an outer
portion 18(c) that is enlarged or bulbous. Preferably,
the inner portion 18(a) and the intermediate portion
18(b) form a smooth curve, as shown. The clearance d
is to minimize frictional losses due to relative
movement between the vane 12 and the walls of slot 18.
It also provides a narrow neck 19. The sides of the
slot 18 at narrow neck 19 are a pivot for the vane 12
to allow for relative movement between the vane 12 and
the slot 18 other than a direct sliding movement such
as, for example, a pivoting movement. This can be seen
by considering Figure 3. In Figure 3(a) the tail 42 of
vane 12 is oriented towards the left side (that closer
to the discharge port 54) of slot 18. As the rotor 14
and cylinder 16 rotate, the vane 12 moves relative to
the slot 18 both in sliding manner and a pivoting
manner so that in Figure 3(b) the vane is still
oriented towards the left side of slot 18 but at a
reduced angle. By Figure 3(c) the tail 42 of vane 12
is oriented towards the right side of slot 18
mirroring the angle of Figure 3(b). At Figure 3(d) the
tail 42 of vane 12 is still being oriented towards the
right side of slot 18 mirroring the angle of Figure
3(a). As such, the connection between the vane 12 and
the slot 18 allows a two degree-offreedom motion
through the use of the minimum clearance d. The two
degrees-offreedom are sliding and pivoting, and are
simultaneous. During the two-degree-offreedom motion,
the vane 12 is in contact with either side of the neck
19 of the slot 18, depending on interaction of the
rotatory inertia of the cylinder 16 and the gas
pressure forces in the slot 18. When the vane 12
contacts the neck 19 it forms a fluid-tight seal with
the neck 19 thus preventing fluid from using the slot
18 to move from the compression chamber 68 to the
suction chamber 66, or from the suction chamber 66 to
the compression chamber 68. The fixing of the vane 12
to the rotor 14 prevents friction-inducing motion of
the vane 



12 relative to the rotor 14 so that frictional losses
occurring between the vane 12 and the rotor 14 are
also prevented. The sliding contact is at slot 18
between the cylinder 16 and the vane 12. At the
contact between the cylinder 16 and the vane 12, the
contact force arises due to the rotatory inertia of
the cylinder 16, and not the pressure forces due to
the compression of the working fluid. As the magnitude
of the contact force is much less than the pressure
forces, the contact force is alleviated. This
effectively reduces thefrictional loss. Furthermore,
the friction force can be minimized by reducing the
rotatory inertia of the cylinder 16, such as providing
holes in the cylinder wall 24 to reduce the amount of
material needed for the thick wall cylinder. The
principal source of friction is at the bearings 32.
These are able to be minimized. The inertia of the
cylinder may smooth the torque variations of the
compressor 10. In the interest to minimize the
friction at the contact of vane 12 and the walls of
slot 18, in this exemplary embodiment the rotor 14 is
preferably rigidly connected or integral with drive
shaft 34. This enables the contact force at slot 18 to
be almost entirely independent of the pressure force
of the fluid across the vane 12, thus of a lesser
magnitude. However, the structure of the exemplary
embodiment of Figures 1 to 4 causes the vane 12 to
protrude through the interior surface 23 of the side
wall 24 of the cylinder 16. This increases the
effective diameter of the cylinder 16. This is
especially so when the offset distance between the
axes 26, 28 of the rotor 14 and cylinder 16 is large
as this increases the sliding movement of the vane 12
relative to the slot 18. This may be undesirable as
more material is needed in the side wall 24 of the
cylinder 16. In Figures 5 to 7 there is illustrated
another exemplary embodiment that may be preferred
when the offset distance between the axes 26, 28 is
large. Here, like reference numerals are used for like
components. As shown, the vane 12 is rigidly fixed or
integral with the cylinder 16 instead of the rotor 14,
and the slot 18 is now part of the rotor 14. In
addition, the cylinder 16 is operatively connected to
or integral with the drive shaft 34. As such, the
contact force at the sides of the vane 12 depends on
the rotatory inertia of the rotor 14. As the rotatory
inertia of the rotor 14 is smaller than that of the
cylinder 16 due to the smaller radius (rotatory
inertia is proportional to the square of the radius),
this further reduces the friction forces. However, the
bearings 32 are changed to accommodate the direct
connection of the cylinder 16 to the drive shaft 34.
As shown inFigure 6, the rotor 14 is now supported in
a cantilevered manner, instead of being simply
supported on both ends. In the interest to minimize
the friction at the contact of vane 12 and the walls
of slot 18, 



in this exemplary embodiment the cylinder 16 is
preferably rigidly connected or integral with
driveshaft 34. This enables the contact force at slot
18 to be almost entirely independent of the pressure
force of the fluid across the vane 12, thus of a
lesser magnitude. In all other respects, the
construction and operation of the compressor are the
same as for the exemplary embodiment of Figures 1to 4.
The slot 18 remains the same, and its relationship
with the vane 12 is also the same. Furthermore, the
'clearance' joint illustrated in Figure 4 may be
replaced by a conventional pair of hinge and slider
joints for the vane 12 and slot 18 as shown in Figure
8. A hinge joint 800 using a pin 804 coupled with a
slider joint 802 would be used. Although the coupled
hinge-slider joint 800, 802 can perform the exact
function as the 'clearance' connection, it has more
parts. It may also be more difficult for fabrication
and assembly. The embodiments of Figures 1to 8 may be
used in all areas of compressor and pump applications,
such as refrigeration and air compression. In a
compressor, besides good efficiency and reliability,
the reduction in material and ease of fabrication are
the keys to the success of a compressor design. In
order to achieve the optimum performance of the
compressor 10, precision manufacturing is important,
hi particular, as there are two journal bearings pairs
32 the alignment of the journal bearings 32 has an
impact on the performance of the compressor 10. As
such it is of advantage to have a method of
manufacture such that the alignment of the journal
bearing pairs 32 may be obtained without minute
tolerances.Figure 9 shows a central section of the
compressor 10. The journal bearings pairs 32 have a
front journal bearing pair 32 (a) and a rear journal
bearing pair 32 (b). Each of the front journal bearing
pair 32(a) and the rear journal bearing pair 32(b)
have two journal bearings: the rotor bearings 70 and
the cylinder bearings 72. In order to minimize the
frictional losses at the bearings 70, 72, each bearing
70, 72 must not be over-sized, yet should be able to
maintain a minimum oil film thickness capable of
preventing wear between the bearings 70, 72 and the
bearing surfaces. Therefore, it is important that
precision of each bearing pair 32(a) and 32(b) be
attained, including the alignment between the front
bearings 32(a) and the rear bearings 32(b).
Furthermore, as internal leakage of the fluid in the
compressor 10 is sensitive to the offset distance
between the rotor and cylinder rotational axes 26, 28
bearing centers, the accuracy of individual bearing
alignment are coupled to form a combined alignment of
the overall assembly of the compressor 10, which must
be attained. 



As shown in Figure 10, for the manufacture of the
bearings 32(a) and 32(b), the raw material 76 is
clamped by jaw clamps 74 and held by centering chuck
80. It is then machined with the entire cylindrical
face 84 being machined using cutting tool 82 to align
the centre of gravity 86 of the material 76 with the
rotational axis 87 to thereby achieve dynamic
balancing to reduce vibration. The tentative positions
of the front bearing 32(a), rear bearing 32(b) and the
two bearing legs 78 are shown in faint lines. In
Figure 11 end face 90 is machined to achieve flatness
and bearing dowel holes 88 are formed. Parting of the
bearings legs 78 is then performed on parting line 92
(Figure 12). The parted-off material 96 has its second
end face 94 machined using end face 90 as a reference
to achieve parallelism between the two surfaces 90, 94
(Figure 13). Of the remaining material 98, end face
100 is machined to achieve flatness, and end faces 102
and 104 are formed (Figure 14) such that they are both
flat, parallel and perpendicular to the rotational
axes. This also means that the cylindrical surfaces
106 are formed simultaneously and are thus correctly
aligned. Dowel holes 108 are then formed in the one
action for the front bearing 32(a) and rear bearing
32(b). This means that the dowel holes 108 in the two
bearings 32(a) and 32(b) are correctly aligned.The
rotor bearings 70 are then formed, again in the one
action for both the front bearing 32(a) and the rear
bearing 32(b) thus providing correct alignment. The
front bearing 32(a) is parted-off on parting line 110
to thus give separate front bearing 32(a) and rear
bearing 32(b). Final finishing can then take place. As
such the front bearing pair 32(a) and the rear bearing
pair 32(b) are formed together and simultaneously to
provide correct alignment. The manufacture of the
cylinder 16 and the flanged end plate 38 for the
cylinder is in a similar manner, as is shown in
Figures 16 to 18. The raw material 120 is clamped by
jaw clamps 74 and held by centering chuck 80. It is
then machined with the entire cylindrical face 122
being machined using cutting tool 82 to align the
centre of gravity 86 of the material 120 with the
rotational axis 87 to thereby achieve dynamic
balancing to reduce vibration. The tentative positions
of the cylinder 16 and end plate 38 are shown in faint
lines. End face 124 is machined to achieve flatness
and perpendicularity from the rotational axis.
Cylindrical journal 126 is then formed in the cylinder
16 and end plate 38 again in the one action to achieve
correct alignment (Figure 17). End faces 128, 130 are
formed perpendicularly from the cylinder journal 126.
Dowel holes 132 are formed on both the cylinder 16 and
end plate 38 simultaneously and in the one action
(Figure 17). The cylinder plate 38 is then parted off
(Figure 18) and the 



hollow interior 134 of the cylinder 16 is formed as is
slot 18. The final finishing can then take place. For
the front bearing 32(a) and the rear bearing 32(b), by
manufacturing them from the one piece of raw material,
and with all features required for correct alignment
being formed together, the two bearings will
inherently be correctly aligned when the compressor 10
is assembled. Similarly, for the cylinder 16 and the
cylinder end plate 38, by manufacturing them from the
one piece of raw material, and with all
featuresrequired for correct alignment being formed
together, the two will inherently be correctly aligned
when the compressor 10 is assembled. Whilst the
foregoing description has described exemplary
embodiments, it will be understood by those skilled in
the technology concerned that many variations in
details of design, construction and/or operation may
be made without departing from the present
invention.List of Reference NumeralsConstant
displacement shock absorber FIELD OF INVENTION [001]
This invention relates to a shock absorber for impulse
or sudden thrust of force such as that created by
explosive or crashing movement of a mass.
Specifically, it concerns hydraulic-pneumatic system
of absorbing such shock and translating it into a
constant displacement rate in the shock absorber.
BACKGROUND ART [002] Shock absorbers are less commonly
designed for sudden or impulsive thrust of force that
may be exerted in an impulsive movement of an
explosive device (e.g. perforating gun, firearm
discharge, crashing of a massive object, etc.) or a
sustained heavy thrust of force (e.g. halting or
terminating movement of a massive object such as
parachute landing of a cargo, elevator landing, or
passive vehicle braking as seen in shock absorbers
between rail cars comprising a train. [003] Many of
these shock absorbers work on the principle of
translating the external shock or force to be absorbed
into a constant pressure in a hydraulic shock
absorbing mechanism. Key to achieving this constant
pressure is theconstant pressure valve such as that
disclosed in U.S. Patent No. 4,520,899 (Vasquez) for a
shock absorber for parachute landing, or provided by a
constant reference pressure of a pneumatic chamber in
U.S. Patent No. 4,407,396 (Sirven). [004] U.S. Patent
No. 4,785,922 (Kiehart) provide such a constant
pressure by use of a piston that decreases in diameter
as the applied force increases. Alternatively, the
valve's opening may be electromagnetically controlled
to 



provide the desirable constant pressure control as
disclosed in U.S. Patent No. 4,902,034 (Maguran).
Discounting methods of absorbing by permanent material
deformation of consummables (such as a string of
deformable damping coil or honeycomb for absorbing
shock from a perforating gun disclosed in U.S. Patent
No. 5,131,470 (Miszewski), in all these conventional
methods and devices, due to the sudden and magnitude
of the force bearing on conventional shock absorbers,
the initial spike in pressure is not overcome. [005]
This could be seen in the chart of FIGURE 1 (Prior
Art) for different pressure loads represented by
graphs "a", "b" and "c" before the optimized
performance in shock absorbing is achieved at the
plateau stage and dissipated at the declining end of
the graphs. Curve "d" represents the average pressure
for curve "c". Without overcoming the pressure spikes
means that excessive pressure are being experienced by
the equipment and thus each of the increased and
sudden stress would adversely affects the shock
absorber or the suspended equipment's fatigue
life.[006] In a related aspect, a Venturi effect known
as choked flow, whereby in response to increasing
pressure differential between upstream and downstream
of an orifice, the flow rate is increased until a
limiting velocity, is shown in FIGURE 3 (Prior Art).
This constant flow phenomenon has been used in various
applications such as for fluid flow metering and valve
control disclosed in U.S. Patent No. 6,250,602
(Janssen's Aircraft) and U.S. Patent No. 7,246,635
(Caleffi), fuel feeding control in carburettors of
internal combustion engine such as disclosed in U.S.
Patent No. 4,379,770 (Bianchi), flywheel vibration
damping disclosed in U.S. Patent No. 5,595,539
(Yamamoto), etc. However, we were unable to find any
in the field of shock absorbers. SUMMARY OF DISCLOSURE
[007] It is thus desirable to have a shock absorber in
which the initial peak pressure is erased by being
effectively absorbed into the optimised performance
range of the graph as shown in FIGURE 2. FIG. 2 shows
the corresponding ideal graphs "a", "b" and "c" in a
rectangular or trapezoidal shape. Our invention
involves applying the known hydraulic principles known
as Venturi effect. Specifically, it involves the fluid
dynamics known as the choked flow of a fluid. [008]
Briefly, when a fluid flows through a small opening
into a lowerdownstream pressure environment, the
velocity of the flow will increase as the pressure
increase upstream due to Venturi effect. As upstream
pressure 



increase further, the fluid flow velocity will
increase until it reaches a limiting velocity called
"choked flow" whereby further increase in upstream
pressure will not increase the velocity any further.
[009] Our method for absorbing shock may be
generalized as comprising the steps of: (i)
transmitting pressure arising from the shock or force
to a mass of translation fluid to exert a first
pressure; (ii) amplifying said first pressure against
an enclosed mass of fluid and forcing said fluid to
flow through a constricted pathway such that at least
one of the amplified pressure and constricted pathway
enables choked flow rate of the fluid to leave said
mass of fluid; (iii) accommodating the fluid from the
choked flow in an expandable reservoir; and (iv)
resisting the expansion of said expandable reservoir
with a volume of compressible gas. [010] In the
general embodiment implementing our aforesaid method,
an apparatus for absorbing shock may be provided
comprising a first piston telescopically mounted into
a first cylinder enclosing an inner reservoir; a
return spring coaxially mounted between said first
piston and first cylinder urging said first piston and
first cylinder apart from being telescopically
compressed againsteach other; at least a nozzle
provided through said first cylinder wall enabling
fluid communication between said inner reservoir and
an external fluid reservoir. The first piston is
predisposed to receive pressure acting thereupon by
fluid translated from the shock to be absorbed while
the fluid is in communication with external fluid
reservoir. The first piston is further predisposed to
amplify said pressure acting thereupon to bear upon
said inner reservoir such that the amplified pressure
on the fluid therein overcomes pressure of external
fluid reservoir and exit nozzle at about choked flow.
[01 1] In a first aspect of our invention, our
apparatus may be further provided with an inner tube
providing for telescopic movement between the first
piston and a second piston whereupon shock to be
absorbed may be imparted to distal end of said second
piston and transmitted to said first piston via fluid
in a translation reservoir. Preferably, the inner tube
is housed in an outer tube defining an annular chamber
for external fluid reservoir. The inner tube may
preferably have a plurality of holes providing
hydraulic communication between 



the translation reservoir and the annular external
fluid reservoir. Preferably still, the plurality of
holes are distributed such that the progression of
second piston into inner tube incrementally closes
more of the holes to providing hydraulic communication
between the translation reservoir and the annular
external fluid reservoir. [012] In an alternative
embodiment, the plurality of holes is distributed such
that the progression of second piston into inner tube
incrementally opens theholes to providing hydraulic
back pressure to the second piston. The hydraulic
fluid may be provided in continuous communication
between translation reservoir, annular external fluid
reservoir and inner reservoir through the respective
holes and nozzles. [013] In a second aspect, the first
piston amplifies the pressure acting thereupon to bear
upon the inner reservoir by predetermined positive
ratio of surface areas of first piston head to first
piston end. Preferably, a plurality of nozzles is
provided at predetermined nozzle orifice sizes to
achieve choked flow rate of fluid ejected therefrom.
The positive ratio is preferably sufficiently large
for the pressure bearing upon the inner reservoir to
eject fluid therein through nozzles at choked flow. A
preferred ratio is 4:1 . The plurality of nozzles may
alternatively be distributed throughout the first
cylinder wall whereby the telescopic movement of the
first piston into said first cylinder progressively
closes the nozzles therealong. [014] A third aspect of
our invention provides for the external fluid
reservoir to be in further hydraulic communication
with an expandable reservoir. Preferably, the
expandable reservoir comprises a floating piston
slidable within a rear chamber divided thereby into
said expandable reservoir and a rear reservoir. The
rear reservoir is preferably filled with compressible
fluid comprising gas or gaseous mixture that is
substantially inert such as nitrogen (N2) and wherein
the volume is adjustable according to the
compressibility required complementary to the
expansion of expandable reservoir. As a specific
embodiment, at leastone of the free floating piston,
expandable reservoir and rear reservoir may be
configured in hydraulic communicative extension in
parallel to the rest of the apparatus's elements in
telescopic relation. [015] A fourth aspect of our
apparatus provides for the first cylinder to be
adapted to slide telescopically into an extended end
for receiving shock or direction of force to be
absorbed, said first cylinder and extended end
provided with counter-biasing spring. Preferably, the
force or shock acting on extended 



end is transmitted to the first cylinder by urging
first piston against a translation reservoir
comprising hydraulic fluid. [016] Our shock absorbing
apparatus may be comprised in a shock absorber,
dashpot, thrust absorber, recoil mechanism, crash
impact absorber and the like, and may be used in
conjunction or complementary with conventional damping
means including any one or combination of hydraulic
and/or pneumatic damping, hysteresis damping,
electro-magnetic damping, inertial resistance and the
like. LIST OF ACCOMPANYING DRAWINGS [017] A better
understanding of our invention may be had with
reference to the following drawings which illustrate
specific, preferred embodiments in nonlimiting,
exemplary manner and with the detailed description
that follows, in which[018] FIGURE 1 (Prior Art)
illustrates a graph chart of shock pressure absorption
against displacement of conventional devices in which
the initial spike of pressure is inadequately
absorbed; [019] FIGURE 2 shows a graph chart of an
ideal shock pressure absorption such as that
achievable by our shock absorber in which the initial
spike of pressure is effectively absorbed; [020]
FIGURE 3 (Prior Art) presents a typical pressure vs
flow velocity graph showing sonic or choked flow being
reached; [021] FIGURE 4 illustrates 3 typical
contraction stages of one embodiment of the shock
absorber according to our invention; [022] FIGURE 5
exhibits a second embodiment of our shock absorber in
which proximal length portion is configured parallel
to shorten overall length; [023] FIGURE 6 shows a
third embodiment of our shock absorber in which the
inner reservoir is reconfigured for direct receiving
of shock; [024] FIGURE 7 illustrates an example of our
shock absorber implemented in a lift column for
damping landing of elevator car; and[025] FIGURE 8
exhibits another example of our shock absorber
implemented in a bumper of a vehicle. DETAILED
DESCRIPTION OF SPECIFIC EMBODIMENTS [026] While choked
flow has been defined above as the limiting condition
which occurs when the fluid flow velocity will not
increase any further with a further increase in
upstream pressure or decrease in the downstream
pressure, we would like to point out that for
homogenous fluids, the physical point at 



which the choking occurs for adiabatic conditions is
when the flow velocity measured at the plane of exit
is at sonic conditions or Mach number = 1 which is
generally referred to as "sonic flow". It is important
to note that the flow rate can still be increased to
supersonic speed (Mach > 1) by increasing the upstream
stagnation pressure or modifying the small opening's
cross-section to a convergent-divergent nozzle or
orifice plate. [027] Accordingly, the term "choked
flow" used in this specification refers to the
limiting constant velocity flow of fluid regardless if
the velocity is subsonic, sonic or supersonic.
"Nozzle" is used to refer to the particular orifice or
opening in which choked flow occurs to distinguish
from the other holes or openings in our invention.
[028] Generally and briefly, our shock absorber
endeavours to apply theaforedescribed choked flow
venturi principle in a method for absorbing shock
wherein the force from the shock is first transmitted
to a mass of translation fluid to exert a first
pressure. By varying the surface areas of the piston
heads, this first pressure may be amplified according
to Bernoulli principle so that the amplified pressure
is sufficient to exert pressure on a mass of fluid
enclosed therein through a constricted opening to
achieve choked flow of the fluid leaving the enclosed
mass of fluid. The choked flow of fluid may be
accommodated to flow into an expandable reservoir.
This reservoir's expandability may be resisted or
biased against by piston means separating an enclosed
mass of compressible gas. [029] For ease of
understanding the workings of the aforesaid method, we
refer to FIGURE 4, wherein a typical shock absorber
according to our invention is shown contracting at
various stages in absorbing the pressure from the
shock. The key elements of our shock absorber
comprises a first piston (40) which is telescopically
mounted into a first cylinder (50) thus enclosing or
forming an inner reservoir (B) therein. A means for
urging or biasing the first piston (40) and first
cylinder (50) apart from being telescopically
compressed against each other is provided in the form
of a return spring (54) coaxially mounted between the
first piston (40) and the first cylinder (50). At
least a nozzle (55) is provided through the first
cylinder (50) wall to enable fluid communication
between the inner reservoir (B) and external fluid
reservoir (G). In FIG. 4, a plurality of nozzles (55)
is shown.[030] The first piston (40) is predisposed
to, or to be configured for, receiving the pressure to
be absorbed directly or via translation. If the
pressure is 



received via translation, as in the case of the
present embodiment of FIG. 4, it may be translated via
a reservoir of fluids such as that shown as
translation reservoir (A). Fluid from this translation
reservoir (A) may also be in hydraulic communication
with external fluid reservoir (G) via a plurality of
holes (32) provided on an inner tube (30) within which
the first piston (40) may slide. [031] The first
piston (40) is further predisposed or configurable to
amplify the pressure received and acting thereupon so
that the amplified pressure may act to bear upon the
inner reservoir (B) such that the amplified pressure
on the fluid therein overcomes pressure of external
fluid reservoir (G) and exit nozzle (55) at about
choked flow. [032] It should be noted that the shock
pressure to be absorbed need not be transmitted to the
first piston (40) as shown in FIG. 4. The pressure may
be applied directly on the piston (40) as shown in
another embodiment in FIGURE 6 (to be described later)
and a skilled person would be able to modify the
transmission of force accordingly. [033] Back to the
embodiment of FIG. 4, a second piston (20) is provided
to enclose translation reservoir (A) at the other end
of the inner tube (30) opposing the first piston (40).
An outer tube (10) is further provided to house the
inner tube (30) with an annular chamber comprising the
external fluid reservoir.[034] The inner tube (30) has
a plurality of holes (32) providing hydraulic
communication between the translation reservoir (A)
and the annular external fluid reservoir (G). The
holes are distributed in such manner that the
progression of second piston (20) into inner tube (30)
would incrementally closes more of the holes (32) to
providing hydraulic communication between the
translation reservoir (A) and the annular external
fluid reservoir (G). [035] In this specification, the
term "distal" is used to refer to that end of the
shock absorber or a component thereof that is nearer
or affixed to the source of the shock or pressure, and
the term "proximal" refers to the other end of the
shock absorber or component thereof that is to be
insulated or suspended from the shock, or affixed to a
body to be so suspended. [036] When the pressure from
the shock is received at the distal end of the second
piston (20), the second piston (20) moves into
translation reservoir (A) and thus compresses the
fluid, causing a pressure build-up in the reservoir.
This pressure is transmitted to the first piston (40)
and moves it inwardly into the first cylinder (50). 



[037] As the inner tube has a plurality of holes (32),
as the second piston (20) is moved inwardly into inner
tube (30), some of the fluid in the translation
reservoir (A) will flow out through these holes into
the annular space forming the external reservoir (G).
As the piston (20) continues to move into inner
tube(30), the holes (32) preceding the piston (20) are
gradually being closed while the holes (32) past the
piston (20) are opened, allowing the fluid to flow
from the external reservoir (G) into space (E) at the
back of the piston. [038] The fluid pressed out of
translation reservoir (A) would also flow towards the
proximal end of the external reservoir (G) i.e.
towards the annular space surrounding the first piston
(40) and first cylinder (50). At the terminal end of
the external reservoir (G), a hydraulic connection is
provided to an expandable reservoir (C) where the
fluid would empties into as the pistons (20, 40) are
further compressed. Expandable reservoir (C) is formed
by outer tube (since the inner tube (30) has now
ended) and enclosed at the distal end by the end of
first cylinder (50) and by a floating piston (60) at
the proximal end. [039] As the pistons (20, 40) are
further compressed, the hydraulic fluid squeezed out
into the annular external reservoir (G) will be pushed
into the expandable reservoir (C) and in turn push the
floating piston (60) proximally down the terminal end
of the outer tube (10) . The floating piston (60) may
be biased against the expansion of reservoir (C) by a
compressible fluid on the other side of the piston
(60), such as a gas filling up a rear reservoir (D) at
the terminal end of the outer tube (10). Preferably,
the volume of compressible fluid or gas is adjustable
according to the compressibility required
complementary to the expansion of the expandable
reservoir (G). [040] Ideally, a gas is used to fill up
rear reservoir (D) as most gases arecompressible. So
that the gas does not reduce its volume overtime
through reaction or decomposition, an inert gas is
recommended, including nitrogen gas. As a gas-filled
expandable reservoir (D) may relatively be voluminous
depending on the complementary, to keep the shock
absorber design length to desirable dimensions, any
one of the floating piston (60), expandable reservoir
(G) and rear reservoir (D) may be configured to be in
hydraulic communicative extension in parallel to the
rest of the apparatus's elements in telescopic
relation. An example of such parallel extension is
shown in FIGURE 5 wherein the gas-filled rear
reservoir (D') is configured in parallel with the
outer tube (10) wherein the other components or
elements of the shock absorber are disposed. [041] As
the first piston (40) and second piston (20) compress
the inner 



reservoir (B) and the translation reservoir (A)
respectively, the pressure build up in inner reservoir
(B) will increase until the fluid being pressured out
through the nozzles (55) reaches choked flow whereupon
any further increase in pressure would not increase
the rate of displacement of the fluid into external
reservoir (G) and into expandable reservoir (C). [042]
As the external reservoir (G) is also comprises of the
hydraulic fluid and hence exert some external pressure
when the first cylinder (50) is being compressed to
squeeze out the fluid from the inner reservoir, the
fluid from the inner reservoir must have higher
pressure to be forced out of the nozzles (55) to
overcome the external pressure. To achieve choked
flow, it is estimated that the ratio of the internal
pressure to external pressure should be about 4:1 .
Thechoked flow rate may or may not be at sonic speed.
Upon reaching the choked flow rate, the discharge of
fluid from the nozzles (55) will occur at a constant
rate in spite of higher or continuing increase in
pressure. [043] As mentioned before, the first
cylinder (50) has a series of nozzles (55) that allow
fluid communication between the inner reservoir (B)
and external reservoir (G). The series of nozzles (55)
are arranged such that they will be closed
progressively as the first piston (40) moves inwardly
into the first cylinder (50). The progressive closure
of the nozzles (55) leaving fewer nozzles open may
thus hasten the fluid flow rate's increase to choked
flow. As such, in such an embodiment where there is a
series of nozzles that may be progressively closed,
the nozzle hole size need not be each or sum totalled
to enable choked flow at the given shock pressure but
may achieve choked flow as the remaining number of
open nozzles decreases. [044] Using Bernoulli's
principle, the first piston's distal head (40a)
surface area may be provided in relation to the
proximal head (40b) such that the pressure from the
distal head is amplified in the desired multiple times
to be transmitted at the proximal head (40b) to the
fluid in the inner reservoir (B). From the surface
area formula of a circle, pt2 , it is obvious that
doubling the radius of the distal head (40a) would
quadruple the resultant pressure at the proximal head
(40b) as evident from p (2r)2 = 4m2 . [045] The space
enclosed in between the first piston (40) and the
first cylinder(50) may be referred to as intermediate
reservoir (F) which may also be filled with the same
fluid as the other reservoirs. Intermediate reservoir
(F) may be provided in hydraulic communication with
the external reservoir (G) via large apertures (56)
towards the end of the inner tube (30) so that they
are closed 



only upon the first piston (40) reaching the end of
the stroke at the end of the inner tube (30). [046]
With our shock absorber, we have found that the
initial peak pressure caused by inadequate absorption
of the shock impulse which appear as spikes in the
graph of FIG. 1 will be damped or delayed due to the
fast fluid discharge resulting in the choked flow as a
result of the pressure amplification acting on the
inner reservoir (B). The resulting softer damping
effect is the effective smoothening off of the
displacement graph. [047] When the inner reservoir (B)
is compressed, the ratio of the first piston (40)'s
distal head (40a) to proximal head (40b) may be
designed such that the threshold pressure for reaching
choked flow be lowered so as to cover a wider range of
shock impulse conditions, particularly the initial
impulse. The result of such design is to enable the
first piston (40) to move at a constant speed
irrespective of the pressure or shock loading within
that range. Besides substantially removing the initial
pressure peak or spike in the graph of displacement,
our shock absorber's relatively long recoil stroke
length will be able to dissipate the pressure over a
longer period of time and displacement as shown in the
chart of FIG. 2.[048] As mentioned before, the shock
pressure need not be transmitted via a translation
reservoir (A) before being applied to the inner
reservoir (B). FIGURE 6 shows an alternative
embodiment whereby the shock pressure is applied
directly on the inner reservoir (B). In such an
alternative configuration, the first cylinder (50) is
adapted into an extended end (22) for directly
receiving shock or direction of force to be absorbed.
The first piston (40) is disposed to slide
telescopically into the first cylinder (50) and both
piston (40) and cylinder (50) are being opposingly
provided with a counter-biasing spring (54). The force
or shock acting on extended end (22) may be
transmitted to the first cylinder (50) by urging first
piston (40) against a translation reservoir (A')
comprising hydraulic fluid. To shorten the length of
the shock absorber, the parts of the device for
terminally containing displaced fluid and the
compressive gas for biasing purposes, i.e. expandable
reservoir (C) and rear reservoir (D) respectively, may
be provided in an adjacent parallel cylindrical
member. [049] The aforesaid method and construction of
our shock absorbing apparatus may thus be
advantageously applied or used for damping or
absorbing shock or pressure of an impulsive or
explosive nature such as a 



shock absorber, dashpot, thrust absorber, recoil
mechanism, crash impact absorber and the like. Such
devices may be installed or incorporated in a device,
machine, vehicle, armament or installation generally
or included as components thereof. Alternatively, our
invention may be used in conjunction with or
complementary to existing hydraulic and/or pneumatic
damping,hysteresis clamping, electro-magnetic damping,
inertial resistance and the like. [050] Some of these
applications may be exemplified in FIGURE 7 and FIGURE
8 which respectively shows the damping the halting or
landing of an elevator car and for absorbing crash of
vehicles or staggered bumping between coaches of a
train. This is additional to the earlier examples
mentioned above in the Background Art of parachute
landing, explosive thrusts, etc. [051] While we have
endeavoured to describe above a number of alternative
embodiments or configurations of our invention, many
of the parts, components or elements of our shock
absorber as disclosed above may be modified, varied or
substituted with equivalents without departing from
the working principles as understood by a skilled
person. These alternatives may be innumerable to be
described and are to be considered as falling within
the letter and scope of our invention as defined in
the following claims.CLAIMS 1. An apparatus for
absorbing shock comprising: a first piston (40)
telescopically mounted into a first cylinder (50)
enclosing an inner reservoir (B); a return spring (54)
coaxially mounted between said first piston (40) and
first cylinder (50) urging said first piston (40) and
first cylinder (50) apart from being telescopically
compressed against each other; at least a nozzle (55)
provided through said first cylinder (50) wall
enabling fluid communication between said inner
reservoir (B) and an external fluid reservoir (G);
wherein said first piston (40) is predisposed to
receive pressure acting thereupon by fluid translated
from the shock to be absorbed; said fluid being in
communication with external fluid reservoir (G); said
first piston (40) is further predisposed to amplify
said pressure acting thereupon to bear upon said inner
reservoir (B) such that the amplified pressure on the
fluid therein overcomes pressure of external fluid
reservoir (G) and exit nozzle (55) at about choked
flow. 



2. An apparatus for absorbing shock according to Claim
1 further provided with an inner tube (30) providing
for telescopic movement between the first piston (40)
and a second piston (20) whereupon shock to be
absorbed may be imparted to distal end of said second
piston (20) and transmitted to said firstpiston (40)
via fluid in a translation reservoir (A). 3. An
apparatus for absorbing shock according to Claim 2
wherein the inner tube (30) is housed in an outer tube
(10) defining an annular chamber for 5 external fluid
reservoir (G). 4. An apparatus for absorbing shock
according to Claim 2 wherein the inner tube (30) has a
plurality of holes (32) providing hydraulic
communication between the translation reservoir (A)
and the annular external fluid reservoir o (G). 5. An
apparatus for absorbing shock according to Claim 4
wherein the plurality of holes (32) are distributed
such that the progression of second piston (20) into
inner tube (30) incrementally closes more of the holes
(32) to providing s hydraulic communication between
the translation reservoir (A) and the annular external
fluid reservoir (G). 6. An apparatus for absorbing
shock according to Claim 4 wherein the plurality of
holes (32) are distributed such that the progression
of second piston o (20) into inner tube (30)
incrementally opens the holes (32) to provide
hydraulic back pressure to said second piston (20). 7.
An apparatus for absorbing shock according to Claim 4
wherein hydraulic fluid is in continuous communication
between translation reservoir (A), annularexternal
fluid reservoir (G) and inner reservoir (B) through
the respective holes (32) and nozzles (55). 8. An
apparatus for absorbing shock according to Claim 1
wherein the first piston (40) amplifies the pressure
acting thereupon to bear upon the inner reservoir (B)
by predetermined positive ratio of surface areas of
first piston head (42) to first piston end (44). 9. An
apparatus for absorbing shock according to Claim 1
wherein a plurality of nozzles (55) are provided at
predetermined nozzle orifice sizes to achieve choked
flow rate of fluid ejected therefrom. 10. An apparatus
for absorbing shock according to Claim 8 wherein the
positive ratio is sufficiently large for the pressure
bearing upon the inner reservoir (B) to eject fluid
therein through nozzles (55) at choked flow. 11. An
apparatus for absorbing shock according to Claim 10
wherein the 



ratio is at about 4:1 . 12. An apparatus for absorbing
shock according to Claim 9 wherein the plurality of
nozzles (55) are distributed throughout the first
cylinder (50) wall such that the telescopic movement
of the first piston (40) into said first cylinder (50)
progressively closes the nozzles therealong.13. An
apparatus for absorbing shock according to Claim 1
wherein the external fluid reservoir (G) is in further
hydraulic communication with an expandable reservoir
(C). 14. An apparatus for absorbing shock according to
Claim 13 wherein the expandable reservoir (C)
comprises a floating piston (60) slidable within a
rear chamber divided thereby into said expandable
reservoir (G) and a rear reservoir (D). 15. An
apparatus for absorbing shock according to Claim 14
wherein the rear reservoir (D) is filled with
compressible fluid. 16. An apparatus for absorbing
shock according to Claim 15 wherein the volume of
compressible fluid is adjustable according to the
compressibility required complementary to the
expansion of expandable reservoir (G). 17. An
apparatus for absorbing shock according to Claim 15
wherein the compressible fluid comprises gas or
gaseous mixture that is substantially inert. 18. An
apparatus for absorbing shock according to Claim 17
wherein the inert gas is nitrogen (N2). 19. An
apparatus for absorbing shock according to Claim 14
wherein at least one of the free floating piston (60),
expandable reservoir (G) and rear reservoir(D) is
configured in hydraulic communicative extension in
parallel to the rest of the apparatus's elements in
telescopic relation. 20. An apparatus for absorbing
shock according to Claim 1 wherein the first cylinder
(50) is adapted into an extended end (22) for directly
receiving shock or direction of force to be absorbed,
for directly receiving shock or direction of force to
be absorbed, said first piston (40) is disposed to
slide telescopically into said first cylinder (50) and
both said first piston (40) and cylinder (50) are
being opposingly provided with counter-biasing spring
(54). 2 1. An apparatus for absorbing shock according
to Claim 20 wherein the force or shock acting on
extended end (22) is transmitted to the first cylinder
(50) by urging first piston (40) against a translation
reservoir (A') comprising hydraulic fluid. 22. An
apparatus for absorbing shock according to any one of
Claims 1 - 2 1 



used in conjunction or complementary with conventional
damping means, including any one or combination of
hydraulic and/or pneumatic damping, hysteresis
damping, electro-magnetic damping, inertial resistance
and the like. 23. An apparatus for absorbing shock
according to any one of Claims 1 - 2 1 comprised in a
shock absorber, dashpot, thrust absorber, recoil
mechanism, crash impact absorber and the like.24. A
device, machine, vehicle, armament piece and the like,
including components thereof, incorporating an
apparatus according to any one of Claims 1 - 21. 25. A
method for absorbing shock comprising the steps of:
(i) transmitting pressure arising from the shock or
force to a mass of translation fluid to exert a first
pressure; (ii) amplifying said first pressure against
an enclosed mass of fluid and forcing said fluid to
flow through a constricted pathway such that at least
one of the amplified pressure and constricted pathway
enables choked flow rate of the fluid to leave said
mass of fluid; (iii) accommodating the fluid from the
choked flow in an expandable reservoir; and (iv)
resisting the expansion of said expandable reservoir
with a volume of compressible gas. 


