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1, GEORXGE CONSTANTINESCO, British Sub-
ject, of Oxen House, Torver, Coniston, Lan-
cashire, do hLereby declare the invention, for
whicih I pray that a patent may be granted
to me, and the method by which it is to be
performed, to be particularly described in
and vy the following statement:—

ikis invention relates to resiiient devices
m which use is made of the elasticity of
liquids under very high pressures.

In tie Specifications of my prior Letters
Pateint Nos. 105,053 and 125,604 1 have de-
scrioed such liquid springs in which the resili-
ence is obtained by the compression of a
liquid contained in a strong cylinder or
capacity; ¢.g. in the Specification 125,604 1
have described the use of a tube to transfer
the liquid from a cylinder in which a piun-
ger works to a cylindrical capacity to act as
a radiator for cooling the louid heated by
the loss of enerzy due to various damping
gevices on its way to and from the capacity
containing the resilient liquid. However, in
such an arrangement only a portion of the
total linuid enclosed in the system is circu-
lating through the tube during the damping
process; the bulk of the resilient lijuid con-
tained in the capacity does not participate in
damping during the motion of the plunger.
Morecver, tie use of such a capacity for the
tiquid spring introduces the risk of explosion
undzr iae very high pressures required.

According to the present invention a liguid
spring comprises a cylinder in which slides a
plunger or piston, the cyiinder being in open
cominunication with at least one tube of con-
siderable length and which is of relatively
small internal diameter compared with the
diameter of the cylinder, the total liquid
capacity of the cylinder being substantially
smaller than that of the tube, the arrange-
ment being such that the damping effect is
obtained mainly by wave transmissions
through the liguid in the tube.

In liquid springs as foreseen by this inven-
tion, the necessity of containing the resilient
iquid in a vessel likely to explode is elimin-
ated and thus higher pressures can be used
with safety. At the same time damping is
obtained as effectively as desired by using
small bore tubes of great length.

[Price 2/8]

The invention in its simplest forms is dia-
grammatically illustrated in the accompany-
ing drawings in which Figure 1 is a vertical
section of one iori, Figure 2 showing a simi-
lar view of a modified form.

Referring to Figure 1, T use a plunger or
pisten P working 1n a cylinder C of sufficient
displacement to produce the required stroke
for the spring under the maximum load. The
plunger works through a high pressure gland
G at one end of the cylinder, while the other
end of the cylinder is connected with a long

use T of small bore. The length of the tube
T is such that the volume of the liquid con-
tained in the tube is of the order of say ten
times ke volume swept out by the plunger P.
The ciher end of the tube T is closed as
shown at A. The cylinder C and tube T are
compleizZy filled with a liquid, or semi-liquid
such e.g. as oil, grease, molasses, jelly, or any
ticd o: compouid that is either liquid, or be-
comes Ljuid under very high pressures, all
air being first expelled. This long tube T,
which may be formed by several intercon-
aec.ed parts, may be coiled round the cylin-
d2r or coiied separately and fitted in any con-
vesient position. The bore of the tube T is of
tke order of a fraction of a millimetre to a
few miliimetres diameter according to the
camping reguired. The plunger may be
formsd with an enlarged head inside the
cviinder so that it will not pull out acciden-
taliy. If such a head be provided, it will act
alse 2 a zuide for the plunger during the
workiag stroke and also as a dash pot at the
end of the stroke to take up any rebound, if
the liquid spring is used as a shock absorber.

In this example, if the plunger P is con-
nected to a member oscillating relatively to
ancéher member connected to the cylinder,
the resulting pulsations will produce longi-
tudinal waves in the small bore tube T which
wiil reflsct themselves many times all along
the tube and thus will dissipate energy in the
form of heat. At the same time there will
be resilience between the oscillating parts due
to the elasticity of the liquid contained in the
tube and the cylinder. Such a device will be
suitable for any applications where a moder-
ate amount of damping is required.

According to another example of the in-
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vention-as shown in Figure 2, instead of clos-
ing the loose end of the long tube T, I con-
nect the tube to each end of the cylinder C
containing the plunger P having a piston P,
as at B and C. In this case, the waves pro-
duced in the tube T by the pulsations of the
plunger produce a higher loss of energy and
thus a more pronounced damping effect is
obtained, because the liguid acquires a dis-
placement at both ends of the tube on each
side of the piston P,. :

In cases where it is desirable to maintain
a steady mean position of the plunger P in
the cylinder C under the main load,-I con-
nect a secondary tube 5 to the liquid tube T
and to a reservoir R of high pressure liquid.
The pressure in this reservoir R is maintained
at the mean pressure in the liquid spring
under the static load by a high pressure
pump H. This secondary tube S is of small
bore and suificient length as to offer great re-
actance (in the tubes T and S friction may be
regarded as analogous to electrical resistance,
elasticity to capacity and inertia to induct-
ance) to the passage of the liquid when oscil-
Iations of high frequency are acting on the
plunger. The reservoir R is shown in the
form of a small capacity strong vessel, also
completely filled with liquid, into which the
high pressure pump H pumps the liquid so as
to maintain the pressure constant. Any leak-
ages that may occur in the liquid spring con-
nected to this pressure reservoir are thus
made up automatically. This pump may be
worked either intermittently by hand or con-
tinuously by the engine of a vehicle on which
the springs are fitted. If there is no engine—
for instance in the case of a rail coach—the
pump can ve worked from the axles of the
wheels or by the oscillations of the liquid
springs themselves. Such a pump could pick
up the leakages from the giands of the liquid
spring and pump them back into the liquid
spring or supply fresh liquid from a small
tank under static pressure or from a low pres-
sure pump.

Such an arrangement of pump and feeding
lines, as just described, is illustrated in
Figure 1 of the Specification of my Patent
Ne. 128,592,

According to another example of the in-
vention (not illustrated), I use supplementary
damping devicss, in the form of perforated
valves, interposed between the cylinder ends
and the tube ends, so as to allow fres passage
of liquid into the tube in one way, but re-
siricted passage the other way, for the pur-
cose of retarding the return stroke of the

plunger o a slower pace, when the load is

removed, : :

* I may use one or several such valves at
intervals along the wave tube, allowing freer
passage onc way and more restricted the

other way, as illustrated in Figure 4 of the
Specification of my Patent No. 128,592, -
One advantage of this inveation is that the
wave tube, with the resilient liquid, can be
situated at any convenient place on a vehicle
or implement which is to be sprung and thus
the size of the cylinder plunger and piston are
reduced to a minimum, the bulk of the liquid
being contained in the wave tube. Another

“point of importance is that small bore

metallic tubes can stand very high internal

‘pressures, are self cleaning and, in case of

rupture under eXcessive pressure, there is no
dangerous explosion, throwing fragments at
high velocity, as will be the case with liquids
occupying a compact volume as in a cylinder
or a capacity.

Another point in favour of the invention

. i3 that damping is obtained mainly through

friction of liquid in a very long tube, instead
of through throitling liguid through very
narrow passages of short lengths, as is usually
done in damping devices. Such narrow pas-
sagss can be blocked quite easily, while the
bore of the long tube allows a relatively much
larger opsning for the passage of the liguid.

The long wave tube used in the present in-
vention provides a very efficient cooling radi-
ating surface, which enables such a lguid
spring to work under continuous oscillations
for an indefinite period of time, without un-
duly heating the liguid, :

For cases where a high rate of damping is
required, for instance in applications as shock
absorbers to rapid firing guns, to large air-
craft or suspension for vehicles running over
bad roads, the amount of heat generated is
auite substantial and unless it is radiated
sdiciently the licuid will overheat and ex-
pand. This, in turn, will increase the initial
pressure and alter considerably the mean
position of the plunger under the siatic load.
The present invention provides ample cool-
ing for the Haquid due to the very large sur-
face of radiation of the tube relatively to the
izuid contained.

The ratio of the volume of liquid in the
tube ‘to the maximum velurae swept out by
the plunger is selecied according to the co-
efficient. of elasticity. With ten times the
velume in the tube as the displacement in the
cylinder, a pressure of about 1,500 atmio-
spheres wili be reached with ordinary kinds
of maineral oils or jelly. This ratio may be
varizd considerably according to the char-
acteristics required and the lguids used.

According to this inveation, it will be
appreciated that the damping of the oscilla-
tions in the liquid spring is due mainly to the
viscosity of the liquid, e.g. oil in the tube or
tubes. As the viscosity increases to very high
vaies under high pressures. the damping

“effect s quite substantial, desnite the rela-
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tively moderate speed of liquid displacement
in the tube or tubes, when the plunger in the
liquid spring oscillates.

What I claim is: —

1. A liquid spring comprising a cylinder in
which stides a plunger or piston, the cylinder
being in open communication with at least
one tube of considerable length and which is
of relatively small internal diameter com-
pared with the diameter of the cylinder, the
total liquid capacity of the cylinder being
substantially smaller than that of the tube,
the arrangement being such that the damping
effect is obtained mainly by wave transmis-
sions through the liquid in the tube.

2. A liquid spring as claimed in Claim 1
in which the tube is connected at one end to
the lower end of the cylinder, and at the other
is closed.

3. A lizuid spring as claimed in Claim 1

PROVISIONAL

or 2 in which the plunger or piston carries a
hsad to prevent said plunger or piston being
puiled out of the cylinder. )

4. A liquid spring as claimed in Claim 1
in which the plunger is in the form of a piston
and piston rod, the tude being connected at
one end ‘o the lower end of the cylinder and
at the other end to the upper end of the
cylinder.

5. A Yauid spring as claimed in Claim 4
in which the tube has connected thereto a
secondary tube which itself is connected to a
liznid reservoir supplied with liquid under
prassure by a high pressure pump.

5. Liquid springs substantially as herein-
nefore described with reference to the accom-
panying drawings.

CARPMAELS & RANSFORD,
Agents for Applicant,
24, Southampton Buildings, London, W.C.2.

SPECIFICATION

Improvements in Liquid Springs

I, GEORGE CONSTANTINESCO, British Sub-
ject, of Oxen House, Torver, Coniston, Lan-
cashire, do hereby declare the nature of this
invention to be as follows:—

This invention relates to resilient devices
in which use is made of the elasticity of
liquids under very high pressures.

In the Specifications of my prior Letters
Patent Nos. 105.053 and 125,604 I have de-
scribed such liguid springs in which the resili-
ence is obtained by the compression of a
liquid contained in a strong cylinder or
capacity; e.g. in the Specification 125,604 I
have described the use of a tube to transfer
the liquid from a cylinder in which a plunger
works to a cylindrical capacity to act as a

radiator for cooling the liguid heated by the

loss of energv due to various damping de-
vicas on its way to and from the capacity
containing the resilient liguid. However, in
suci an arrangement onlv a portion of the
total liquid enclosed in the system is circu-
lating through the tube during the damping
process: the bulk of the resilient liguid con-
tained in the capacitv does not participate in
damping during the motion of the plunger.
Moreover, the use of such a capacity for the
liguid spring introduces the risk of expiosion
under the very high pressures required.
According to the present invention a liquid
spring comprises a cvlinder in which can slide
a piston, the <riinder being in open com-
munication with a tube of considerable
lengt™ and which 1s of comparatively small
internal diameter compared with the
diameter of the cvlinder, the total licuid
capacitv of th: cylinder being substantially
smaller than that of the tube, the arrange-
ment being such that the damping effect is
odtained mainly by wave transmissions

through the liquid in the tube.

In liguid springs as foreseen by this inven-
tion, the necessity of containing the resilient
figuid in a vessel likely to explode is elimin-
ated and thus higher pressures can be used
with safety. At the same time damping is ob-
tained as efectively as desired by using smalil
aore tubes of great length.

To iliustrate the invention in its simplest
form 1 use a plunger or piston working inio a
cylinder of sufficient displacement to produce
the required stroke for the spring under the
maximum load, The plunger works through
a iigh pressure gland at one end of the cylin-
der while the othzr end of the cylinder is con-
nected with a long tube of small bore. The
lengih of the tube is such that the volume of
the liquid contained in the tube is of the
order of say ten times the volume swept out
by the plunger. The other end of the tube is
ciosed. The whole is filled with a iiquid, or
semi-liquid such e.g. as oil, grease, molasses,
jelly, or anv kind of compound that is either
Hiquid, or becomes liguid under very high
prassuras, ail air being first expelled. This
long tube may be coiled round the cylinder
or coiled separately and fitted in any con-
venient position. The bore of the tube is of
the order of a fraction of a millimetre to a
few millimeires diameter according to the
damping required. The plunger has an en-
largad head inside the cylinder so that it will
a0t puli out accidentally. The enlarged head
acts also as a guide during the working stroke
and also as a dash pot at the end of the stroke
to take up anv rebound if the liquid spring is
used as a shock absorber.

In this example. if the plunger is connected
10 a member osciliating relatively to another
member connecied to the cylinder the result-
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ing pulsations will produce longitudinal
waves in the small bore tube which will re-
flect themselves many times all along the
tube and thus will dissipate energy in the
form of heat. At the same time there will be
resilience between the oscillating parts due to
the elasticity of the liguid contained in the
tube and the cylinder. Such a device will be
suitable for any applications where a moder-
ate amount of damping is required.

According to another example of the in-
vention, instead of closing the loose end of
the long tube, as in the above example, I con-
nect each end of the tube to each end of the
cylinder containing the plunger with its
piston. In this case the waves produced in
the tube by the pulsations of the plunger pro-
duce a higher loss of energy and thus a more
propounced damping effect is obtained be-
cause the liquid acquires a displacement at
bot: ends of the tube on each side of the
piston.

According to another example of the in-
veniion I use supplementary damping devices
in the form of valves interposed between the
cylinder ends and the tube ends so as to allow
free passage of liquid into the tube in one
way out restricted the other way for the pur-
posz of retarding the return stroke of the
plunger to a slower pace when the load is

- removed.
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I may use one or several such valves at in-
tervals along ilic wave tube allowing freer
passage one way and more restricted the
other way.

One advantage of this invention is that the
wave tube with the resilient liquid can be
situnted at any convenient place on a vehicle
or implement which is to be sprung and thus
the size of the cylinder plunger and piston
are raduced to a minimum, the bulk of the
Hguid being contained in the wave tube.
Another point of importance is that small
bore metallic tubes can stand very high in-
ternal pressures, are self cleaning and in case
of rupture under excessive pressure there is
no dangerous explosion throwing fragments
at high velocity as will be the case with
liquids occupying a compact volume as in a
cylinder or a capacity.

Another point in favour of the invention is
that damping is obtained mainly through
friction of liquid in a very long tube instead
of through tarottling liguid through very
narrow passages of short lengths as usually
is done in damping devices. Such narrow
passages can be blocked quite easily while
the bore of the long tube allows a relatively
much larger opening for the passage of the
liquid.

The long wave tube used in the present in-
vention provides a very efficient cooling radi-
ating surface which enables such a liquid

spring to work under continuous oscillations
for an indefienite period of time without un-
duly heating the liquid. -

For cases where a high rate of damping
is required, for instance in applications as
shock absorbers to rapid firing guns, to large
aircraft or suspension for vehicles running
over bad roads, the amount of heat generated
is quite substantial and unless it is radiated
efficiently the liquid will overheat and ex-
pand. This in turn will increase the initial
pressure and alter considerably the mean
position of the plunger under the static load.
The present invention provides ample cool-
ing for the liquid due to the very large sur-
face of radiation of the tube relatively to the
liquid contained.

The ratio of the volume of liguid in the
tube to the maximum volume swept out by
the plunger is selected in dependance on the
coefficient of elasticity. With ten times the
volume in the tube as the displacement in the
cylinder a pressure of about 1,500 atmo-
spheres will be reached with ordinary kinds
of mineral oils or jelly. This ratio may be
varied considerasly according to the char-
acteristics required and the liguids used.

in another form of the invention, especi-
ally applicable to all cases where the main-
tenance of a steady mean position of the
plunger in the cylinder under the mean load
is desired, I connect a secondary tube to the
liquid to a reservoir of high pressure liquid
through a non return valve. The pressure in
this reservoir is maintained at the mean pres-
sure in the liquid spring under the static load.
This filled secondary tube is of very small
bore offering great reactance (in the tube,
friction may be regarded as analogous to
electrical resistance, elasticity to capacity and
inertia to inductance) to the passage of the
liquid when osciliations of high frequency are
acting on the plunger. The reservoir may be
in the shape of a small capacity strong vessel
inte whici a high pressure pump is pumping
the liquid so as {0 maintain the pressure con-
stant. Any leakages that may occur in the
liquid springs conmected to this pressure
reservoir are thus made up automatically.
This pump may be worked either intermit-
tently by hand or continuously by the engine
of the vehicle on which the springs are fitted.
If there is no engine—for instance in the case
of a rail coach—the pump can be worked
from the axles of the wheels or by the oscil-
lations of the iquid springs themselves. Such
a pump could pick up the leakages from the
glands of the liquid spring and pump them
back into the liquid spring or supply fresh
liquid from a small tank under static pressure
or from a low pressure pump.

CARPMAELS & RANSFORD,
' Agents for Applicant,
24, Southampton Buildings, London, W.C.2.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1952
Published at The Patent Office, 25, Sonthampton Buildings, London, W.C.2, from which
copies may be obtained.
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