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1. 
This invention relates broadly to shock ab 

Sorbers, but more particularly to a fluid spring. 
One object of this invention is to produce a, 

fluid spring with simple and efficient means af 
fording a constant Supply of liquid to the work 
ing cylinder, thereby preventing any void from 
occurring in the working cylinder and guarantee 
ing efficient and constant operation of the Spring. 
Another object of this invention is to provide 

such a spring with a single cylinder having a 
pressure or working chamber within which the 
spring piston operates and a fluid reservoir from 
which fluid under pressure is automatically Sup 
plied to the working chamber in the event any 
void occurs therein through leakage or tempera 
ture changes. 
Another object of this invention is to produce 

such a spring as a single unit, wherein the parts 
are readily accessible and forming an assembly of 
simple and efficient construction. 
Other objects and advantages more or less 

ancillary to the foregoing reside in the Specific 
construction and aggroupment of the elements 
peculiar to this structure, as will become appar 
ent from a more complete examination of this 
specification, 
In the drawings which illustrate a preferred 

embodiment of the invention: 
Figure 1 is a longitudinal sectional view of the 

spring shown in retracted or compressed position. 
Figure 2 is an enlarged view of the central 

portion of the spring shown in Figure 1. 
Figure 3 is a view similar to Figure 1 but show 

ing the spring in extended position, 
Figure 4 is an enlarged cross sectional view 

taken through the line 4-4 in Figure 1 and look 
ing in the direction of the arrOWS. 

Referring to the drawings, in which like Syn 
bols designate corresponding parts throughout 
the several views, to represents a cylinder or 
housing having its left end, as seen in Figures 1 
and 3, provided with an eyed terminal ill through 
which that end of the spring may be secured in 
operative position. Internally, the housing 0 is accurately ma 
chined to produce two coaxially disposed cylin 
drical chambers 2 and 13, the latter being Some 
what larger than the former and forming at their 
junction an annular step or shoulder 4. The 
chamber 2, which is hereinafter referred to as 
the work chamber, is normally closed at one end, 
but capable of communication with the exterior 
of the housing to through a bleed port 5 which 
opens into a threaded bore 6 normally closed by 
a plug 17. 
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The chambers 2 and 3 are separated by a 

partition assembly, generally designated by 8, 
Which includes a metal ring 9 resting against the 
annular shoulder 4 and held in that position by 
a split ring 20 partly located in an annular groove 
2 | formed in the wall of the chamber í 3. A bore 
22 extends centrally through the ring 9, and 
toward the chamber 2, the bore is enlarged to 
form a counterbore 23 accommodating a V-shaped 
block packing 24. The end face of the ring 9 
adjacent the chamber 2 is provided with a large 
but shallow recess 25 having rigidly mounted 
therein a plate 26 through which the packing. 
24 is held in position. This plate is also provided 
with a relatively large central bore 27 and a 
Small port 28, which port is normally closed by 
a valve 29 slidably mounted in passage 39 which 
extends through the ring 9. The passage 39 is 
somewhat larger than the valve 29 and is shaped 
to accommodate a compression spring 3f which 
acts on the head of the valve 29 for urging it in 
fluid tight engagement with the adjacent edge 
of the port 28. To assure a fluid tight joint be 
tween the ring 9 and the inner wall of the cham 
ber f3, the former has its peripheral wall pro 
vided with an annular recess 32 accommodating 
an annular packing 33. 
The right end of the chamber 3, as seen in 

Figures and 3, is somewhat enlarged and 
threaded to receive a plug 34 having a central 
bore 35 extending therethrough and of a diam 
eter larger than the bore 22 to accommodate a 
pressed in bushing 36. 

Reciprocally mounted in the chamber 3, there 
is a floating piston or bulkhead assembly, gen 
erally designated by 37, which includes a metal 
ring 54 having a central bore 38 extending there 
through. Intermediate its ends, the bore 38 is 
provided with an internal annular recess 39 ac 
commodating an annual packing 49. To assure 
a fuid tight but slidable fit between the floating 
piston and the inner wall of the chamber 3, the 
ring 54 has its peripheral wall provided with an 
annual recess 4 accommodating an annular 
packing 42. Toward the partition 8, the outside 
diameter of the ring 54 is reduced as at 43. The 
adjacent end walls of the plug 34 and ring 54 
are dug out to accommodate a compression spring 
44, which has one end resting against the plug 
34 and the other end against the floating piston 
3. 

Reciprocally mounted in the work chamber 2, 
there is a piston, 45, having a threaded bore 46, 
extending centrally therethrough and adapted to 

5 receive the threaded shank 47 of a piston rod 
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48. The piston is locked on the shank 47 by a 
set screw 49, and has a plurality of ports 59 
extending longitudinally therethrough. From 
the piston 45, the rod 48 extends through the 
partition bore 22 and packing 24, floating piston 
bore 38 and packing 40, and the bushing 36 to 
end outside of the plug 34 where it is formed 
with an eye or terminal 5. 
A threaded hole 52 extends through the Wall 

of the housing 0 and opens into the chamber 
3 at a place adjacent to the partition 8. The 

hole 52 is adapted to receive a self-sealing hy 
draulic plug or fitting 53. 

Preparatory to the operation of the device, the 
chamber 3, hereinafter referred to as reservoir, 
between the floating piston 37 and partition f3, 
is filled with liquid such as oil, admitted there 
in under pressure through the self-sealing fitting 
53. Before liquid under pressure is introduced 
into the chamber 3, the floating piston 37 which 
includes the ring 54, acted upon by the Spring 
44, will rest against the spring split ring 20. In 
this position of the floating piston, the reduced 
portion 43 of the ring 54 is located under the 
fitting 53, thereby enabling the liquid under pres 
sure to shift and maintain the floating piston in 
the position shown in Figures 1 and 3. 
In practice, the size of the partition bore 22 is 

made to afford a rather loose sliding bearing for 
the piston rod 48, and enable pressure fluid to 
flow therethrough from the reservoir 3 into the 
chamber 2 by depressing the inner lip of the 
W-shaped packing 24 away from the piston rod 
48. While filling the chamber 2, it is preferable 
to have the spring fully extended as shown in 
Figure 3, so that the volumetric capacity of the 
chamber will not be reduced by any portion of 
the piston rod. In the chamber 2, the fluid will 
flow on both sides of the piston 45 through the 
piston ports 59. In order to prevent any air from 
being trapped in the chamber 2, the plug 
is removed and air allowed to escape through 
the bleed port, 5. When both chamber 2 and 
reservoir 3 are completely filled with liquid, the 
plug f is screwed back in position to close the 
bleed port í 5 and the device is ready for Opera 
tion after the end terminals and 5 have been 
connected to the Work intended to be cushioned. 
After both chamber 2 and reservoir 3 have 

been completely filled with liquid and before any 
load is applied on the end terminals of the spring, 
it will be understood that the pressure within 
the Spring is Substantially Zero, or equal Only to 
the pressure resulting from the compression 
Spring 4. After being connected to the work 
intended to be cushioned, the end terminals of 
the spring will be subjected to a load which will 
cause a partial coin pression of the Spring, which, 
together with the entering of the piston rod 48 
into the channber 2, will cause the liquid in that 
chamber to compress and the housing í0 to ex 
pand slightly and produce together a spring re 
sistance. The liquid thus compressed within the 
chamber 2 would in practice be difficult to be 
retained in that chamber, and irrespective of the 
type and number of packing used in an effort 
to prevent leakage, the liquid under pressure 
would. Sooner or later escape from that cham 
ber. Furthermore, since the liquid used has a 
much higher coefficient of expansion than the 
housing 0, changes in temperature would also 
cause the Spring either to build up a premature 
pressure in the chamber 2 or develop a void 
therein depending on whether the temperature 
is increased or decreased. Obviously, leakage of 
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liquid from the chamber 2 or a variation of its 
pressure therein resulting from changes in tem 
perature, would immediately affect the efficient 
operation of the spring and cause it to lose its 
original design characteristics. Moreover, should 
the spring be subjected to an accidental load 
above the maximum for which it is designed, it 
would subject thhe liquid in the chamber 2 to 
an excessive pressure which might cause distor 
tion of the spring and even breakage of the cyl 
inder D. 
In the present construction, should leakage of 

the liquid take place from the chamber 2 past 
the packing 33, or a void be created in the cham 
ber 2 Such as might result from a drop in ten 
perature, the liquid stored in the reservoir f3 and 
acted upon by the Spring pressed floating piston 
37, will, when the unit is returned to its extended 
length as shown in Figure 3, be forced back into 
the chamber 2 by flowing between the piston 
rod 48 and partition bore 22, and by depressing 
the inner lip of the packing 24 away from the 
piston rod. In other words, the liquid stored in 
the reservoir 3 and under constant pressure 
through the action of the spring pressed floating 
piston 37, serves as a medium to automatically 
replenish the chamber 2, thereby assuring the 
working chamber 2 to be always completely 
filled with liquid and consequently constant effi 
cient operation of the Spring. 
To prevent the liquid in the chamber 2 from 

being subjected to excessive pressure, in the event 
of an extreme temperature raise, there is pro 
vided the Safety valve 29, which valve is normally 
closed by the compression spring 3f. In practice, 
the Spring 3 is calculated to compress when the 
pressure of the liquid in the chamber 2 reaches 
a predetermined maximum. In this instance, 
the liquid under pressure will act on the valve to 
Shift it away from its seat and enable the liquid 
under excessive pressure to flow through the 
port 28 into the reservoir f3. As soon as the ex 
cessive pressure has been released, the valve 29 
through the action of its spring 3, will be re 

45 

50 

55 

60 

65 

70 

75 

turned to its seat to close the port 28. The void 
thus created in the chamber 2 when the tem 
perature returns to normal will automatically 
be replenished by liquid returned into the cham 
ber 2 from the reservoir 3 in the manner above 
Stated. 
During long and continuous operation of the 

Spring, the liquid Stored in the reservoir 3 might 
gradually leak past the packing 42. This leakage 
Would not affect the working characteristics of 
the Spring as long as a sufficient amount of liquid 
remains in the reservoir 3 between the partition 
8 and the floating piston 37. Should, however, 

the leakage of the fluid past the packing 42 be 
come excessive, it would be necessary to drain 
the liquid from the right side of the floating pis 
ton as Seen in Figures 1 and 3 by removing the 
plug 34 and Subsequently refilling the reservoir 
3 through the fitting 53. 
From the foregoing description, it will be un 

derstood that the present liquid spring is equipped 
With a Self contained device assuring the spring 
to be always completely filled with liquid, there 
by preventing the formation of void in the spring 
chamber which would materially affect the effi 
ciency of the Spring. It will also be understood 
that the present Spring is equipped with a self 
contained Safety device, which includes the valve 
29, preventing excessive pressure to be created 
Within the Spring working chamber. 
Also the foregoing description is necessarily of 
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a detailed character, in order to completely set 
forth the invention, it is to be understood that 
the specific terminology is not intended to be re 
Strictive or confining and it is to be further un 
derstood that various rearrangements of parts 
and modifications of structural detail may be 
resorted to without departing from the scope or 
spirit of the invention as herein claimed. 

I clain: 
1. A fluid spring including a housing, a work 

chamber and a reservoir in said housing filled 
with liquid, a partition between said chamber 
and reservoir, a piston slidable in said chamber 
having a piston rod extending therefrom through 
said partition, reservoir and one end of Said 
housing, end terminals on said housing and pis 
ton rod adapted to be secured to the work in 
tended to be cushioned, a floating piston slidable 
in said reservoir on said piston rod, means Oper 
atively associated with said floating piston for 
causing it to exert pressure on the liquid stored 
in said reservoir, and means in said partition 
automatically supplying liquid under pressure 
from said reservoir to said chamber. 

2. A fluid spring including a housing, a work 
chamber and a reservoir in said housing filled 
with liquid, a partition between said chamber 
and reservoir, a piston slidable in said chamber 
having a piston rod extending therefrom through 
said partition, reservoir and one end of said hous 
ing, end terminals on said housing and piston 
rod adapted to be secured to the Work intended 
to be cushioned, said piston having its movement 
in said chamber retarded by the liquid stored 
therein while exerting pressure thereon, means 
in said partition enabling liquid in Said chamber 
when subjected to a predetermined pressure to 
automatically be released into said reservoir, and 
means including a spring pressed floating piston 
slidable in said reservoir independently of the 
piston in said chamber for automatically return 
ing liquid to said chamber when the liquid there 
in falls below said predetermined pressure. 

3. A fluid spring including a housing, a Work 
chamber and a reservoir in said housing filled 
With liquid, a partition between said chamber 
and reservoir, a piston slidable in said chamber 
having a piston rod extending therefrom through 
said partition, reservoir and one end of said hous 
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6 
ing, end terminals on said housing and piston 
rod adapted to be secured to the work intended 
to be cushioned, said piston having its movement 
in said chamber retarded by the liquid stored 
therein while exerting pressure thereon, a port 
through Said partition leading from said cham 
ber to said reservoir, a valve normally closing 
Said port, said valve being subjected to the pres 
Sure of the liquid in said chamber and automati 
cally opened thereby relative to said port when 
Said pressure reaches a predetermined maximum 
to enable release of the liquid from said chamber 
to Said reservoir, a Spring acting on said valve 
automatically closing it relative to said port when 
Said pressure falls below said maximum, and 
means including a spring pressed floating piston 
slidable in said reservoir independently of the 
piston in said chamber for automatically return 
ing the liquid from said reservoir to said cham 
ber. 

4. A fluid Spring including a housing, a work 
chamber in Said housing filled with liquid, a pis 
ton slidable in Said chamber having a piston rod 
extending therefrom through one end of said 
housing, end terminals on said housing and pis 
ton rod adapted to be secured to the work in 
tended to be cushioned, a liquid reservoir, a float 
ing element siidable in said reservoir, said piston 
rod extending through said reservoir and floating 
element, means operatively aSSOciated With Said 
floating element causing it to exert pressure on 
the liquid stored in the reservoir, said chamber 
from both sides of said piston being normally 
closed from said reservoir, and means leading 
from said reservoir to said chamber automati 
cally opened during certain conditions of Opera 
tion for supplying liquid under pressure from 
said reservoir to said chamber. 

IRA. D. SMITH. 
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