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In the American Patent No. 2,724,412, ?led on Septem 
ber 19, 1951, there was described a hydro-pneumatic 
accumulator of the free piston type, in which the said 
piston is provided around its periphery, with a rabbet 
having a cylindrical wall and a ‘bottom substantially nor 
mal to the axis of the cylinder, a packing ring made of a 
plastic and elastic material being housed in the said rabbet 
and subjected, through an annular member bearing against 
the free face of the ring, to a permanent pressure exerted 
by a spring and higher than the difference between the 
pressures liable to prevail on either side of the piston. 

The materials preferably used by the applicant up to 
now were of the neoprene or perbunan type; these ma 
terials, when subjected to a unitary pressure ‘of about ‘15 
kg./cm.2, are capable of undergoing a su?icient plastic 
deformation to ?ll substantially the whole capacity of the 
rabbet while keeping that degree of elasticity required to 
ensure tightness. 

In practice, the hydro-pneumatic accumulators of the 
above-mentioned type are often intended to be used under 
pressures of about 200 to 300 atmospheres. It will be 
easily understood that as long as liquid remains in the 
accumulator, the difference between the pressures acting 
"on the piston faces is either nil when, the piston is station 
ary, or comparatively small when it moves, since it re 
sults exclusively from friction of the ring material against 
the cylinder wall material. ' 
However, when the piston reaches the end of its stroke, 

after having completely expelled the liquid out of the 
accumulator, which is the case in particular during a pro 
longed stocking of an in?ated accumulator, the pressure 
to which the ring is subjected by the compressed gas 
may reach about 200 kg./cm.2, i.e., more than 10 times 
the pressure to which it is subjected by the compression 
spring. 

‘It will be easily understood that, under these conditions, 
while the ring undergoes in operation but a reasonable 
plastic deformation under the action of the pressure ex 
erted by the spring, it is subjected during stocking to a 
far higher pressure and, hence, it risks undergoing a 
deformation capable of causing its extrusion vbetween the 
piston and the cylinder. 

In order to obviate this drawback, particular arrange 
ments had to be provided. 

Such arrangements have been described, in particular, 
in the American Patent No. 2,804,094, ?led by the appli~ 
cant on September 4, 1952. V 

The applicant'has observed, however, that at certain 
critical temperatures, the extrusion may become objection 
able even With the above-mentioned particular arrange 
ments. 
An object of the invention is to ensure perfect tightness 

between the two faces of the piston, not only when a cer 
tain amount of liquid is contained in the accumulator, but 
also when the latter is stocked with all the liquid ex 
pelled out of its cylinder. vAnother object of the invention 
is to ensure tightness in operation, as well as in stockage, 
whatever may he the temperature, within the usual practi 
cal limits. 

Still another object of the invention is to provide a hy 
dro-pneumatic accumulator of the type described wherein 
the packing ring is made of aiplastic and elastic material 
which requires (to be deformed plastically to asu?icient 
extent for ensuring continuous contact, along a circum-> 
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ference, with the cylinder wall and to keep the elasticity 
required for ensuring operation under the conditions ex 
posed in the ?rst reference cited above), a pressure at least 
equal to the maximum pressure liable to prevail in the 
accumulator, the said material moreover offering the prop 
erty of having a very low friction coe?icient on ‘the cylin 
der metal, in order that the overall friction of the ring 
on the cylinder wall be not objectionable. 
With a ring according to the invention, when the piston 

reaches the end of its stroke, after having completely ex 
pelled the liquid out of ‘the cylinder, the ring is always 
subjected ‘to a pressure equal to the sum of the spring pres. 
sure and that of the gas. However, this sum is at most 
equal to twice that pressure to which the ring is normally 
subjected instead of the pressure ten times higher than the 
spring pressure to which the ring is subjected when it is 
made of neoprene or perbunan. It is clear that such a 
reduced pressure difference does not risk to determine any 
unwanted extrusion between the piston and the cylinder. 

It will be understood, moreover, that owing to the low 
friction coefficient between the ring according to the in 
vention and the cylinder metal, the overall friction which 
is equal to the product of'the contact area by the said 
coe?icient, is not in the least objectionable. As a matter 
.of fact, the said friction opposes no serious difficulty to 
the displacements of the piston and, moreover, it does 
not tend to cause an extrusion of the ring material be 
tween the piston and the cylinder during such displace 
merits. 
A further object of the invention is to choose among 

the materials which may be used to make a ring in ac 
cordance with the above-mentioned conditions, a poly 
?uorethene. In an alternative embodiment of the inven 
tion, the ring is made of polytetra?uorethylene. This 
speci?c material offers both properties required to ensure 
a suitable behaviour of the ring according to the inven 
tion; moreover, it also offers the inherent property of keep 
ing its mechanical characteristics at least between ~70° 
and 260° C. 

This additional property ensures the required tightness 
in operation, as well as in stockage, within a temperature 
range which up to now seems to correspond to all possi— 
ble conditions of use of. the hydraulic circuit elements to 
be used with such an accumulator. 
Moreover, the above-mentioned material requires, to be 

deformed under the desired conditions, a unitary pressure 
of about 600 -kg./cm.2, so that in an accumulator having 
an in?ating pressure of 200 kg./cm.2, the ring is only 
subjected -in 'stockage to ‘a pressure which is higher than 
its normal working pressure by only one third'of the 
latter. a 

It is yet another object of the invention to provide a 
hydro~pneumatic accumulator of the type described, 
wherein thering is constituted by a simple wire the ends 
of which, owing to the “easy sliding” properties of the 
material, ,are strongly ‘applied against each other. 

Still a further object of the invention is to provide a 
number of constructive arrangements which permit of 
fur-therimprovin'g the results 'obtained by the use of the 
above-de?ned materials. 
Another object of the invention is to provide several 

dispositions making the use of these materials generally 
easier, these Idispositions being even indispensable in cer 
tain cases to make this use possible at all, namely, when 
the size and weight --of the accumulator are ‘to be as re-‘ 
duced as possible. , 
Apaekingring- of a ‘material having the above-men 

' tioned properties and, in particular, that of resisting com~ 

70 
pression stresses ‘sufficiently .to require the use of con 
siderable pressures, offers, as compared with the :rings, 
previously used by the applicant, aconsiderably reduced 
size. As-anillustration, a according to ‘the invention} 



.jected' to thermal deformations. 
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‘preferably has'before being deformed, an axial height 
equal to about %0 of the cylinder diameter so that, once 
compressed, this dimension becomes still smaller than 1/50. 
This particular arrangement offers a double advantage. 
.First of all, as it will be easily understood, by reducing 
the height of the ring, one diminishes the contact area be 
.tweent the ring and the cylinder and hence, the total fric 
tion, between the ring and the‘ cylinder since the latter 
.friction is proportional to the friction coe?icient of’ the 
material, as, well as to the contact area. 
' The reduction of size of the ring also a?ectsits width 
v(in a plane normal to thecylinder axis), the saidwidth 
preferably being of the sameorder of magnitude as the 
ring height. With, this arrangement, the surface of the 
ring on which the spring pressure is exerted is consider 
ably reduced, which permits of obtaining the desired 
unitary pressure with a spring having a smaller strength. 

Thisris particularly advantageous since it is very im 
portant in an accumulator, that the piston and, in particu 
lar, the spring which pertains thereto, be not too heavy. 
The reduction of size of the ring to the strict minimum 

still does not completely solvelthe problem of obtaining 
a suitable compression of the said ring., Forrexample, in 
.a cylinder having an inner diameter of 50 mm., a 1 mm. 
wide ring still requires to becompressed to 600 kg./cm.2, 
a spring having a strength of about 900 kg. . It is clear 
that such a spring is normally very heavy and, moreover, 
hassuch an outer diameter that it cannot be lodged within 
a cylinder having an inner diameter of 50 mm. 
Another object of the invention is, to provide, in addi 

tion to the already described arrangements, a particular 
disposition permitting, on the one hand, of lodginga suf 
?ciently strong spring within the accumulator and, on 
the other hand, of reducing to the strict minimum the 
weight of the said spring. 'In the case- of airborne mate 
rials, it is precisely essential to reduce to a minimum 
the weight of all elements, so that an accumulator in 
tended to be used with such materials has to be as light 
as possible. 
According to this featureof the invention, there is 

provided to transmit to the ring the compression‘ required 
for its suitable operation, a coil spring the winding diam 
eter of vwhich is greater than its wire diameter but only 
from'2.5 'to ,3 times, which is in absolute contradiction 
with all admitted standards, in which the ratio between 
the said diameters is limited. to .7. 
The spring of the accumulatoraccording to the inven 

tion thus works under conditions which are usually con 
sidered as inadmissible and, in fact, far above the limit 
of elasticity of the metal. In practice, the-spring accord 
ing to the’ invention, will work in the neighborhood of the 
deformation capable of breaking the ‘metal it is made of 
(by torsion shearing). . . 

The applicant has moreover observed that, owing to 
the special function of the spring according to the inven 
tion, the latter may be easily manufactured in spite of 
all usually admitted principles. As a matter of fact, to 
keep the ring in the required compression state the spring 
has only to work within an exceedingly small stroke with 
respect to its mean position. a 1 . 

The importance of thisvariation will be better under 
stood if one considers that, for example, the spring accord 
ing to the invention will have a height of about 40 mm. 
for a displacement with respect'to its normal compres 
sion, of about 1 mm. > 
Another consideration is that the spring is practically 

subjected to no play since its length will only tend to 
increase as the ring wears out, or, again, when it is sub 

Since the latter are 
exceedingly small, due to the minute dimensions of the 
ring, the play of the spring may be considered as‘negligir 
ble. In other words, it may be said that the spring is 
a static one. ‘ 

~ Still a further object of the invention is to provide a 
particular mounting of the spring which consists in put- 
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4 
ting the spring on the compressing member of the ring 
and then assembling the annular abutment of the piston 
on a special apparatus capable of exerting the desired 
force, this whole assembly being so designed that the 
spring is but very slightly deformed beyond the length 
it will have in operation, this supplementary deformation 
being, if desired, limited to that which is strictly neces 
sary to subsequently lock 'the annular abutment on the 
piston. ' ' 

The piston and spring and the degree of deformation 
of the spring, when assembled, may be chosen su?iciently 
great to subject the spring to such a permanent deforma 
tion that all peripheral ?bres of the spring wire will work 
at an optimum rate.‘ ' , , 

It is yet another object of the invention to provide sev 
eral mechanical features ensuring a suitable guiding of. 
the annular member, transmitting to the ring the pressure 
of the spring, as well as a suitable guiding of the latter, 
the importance of these features increasing as the dimen— 
sions of the ring decrease. ~ 
For example, with a ring having a width of 1 mm., all 

clearances must be reduced to the strict minimum, since 
it is obvious that they can only amount to a fraction of 
the ring width, viz., a few hundredths of 1 mm. More 
over, it is obvious that if the clearances are very small, 
there are more risks of jamming, which implies particular 
care to avoid such jammings. ' 
7. Independently of the mechanical arrangements which 
will be described in detail hereafter, another object of the 
invention is to provide a characteristic arrangementv per 
mitting of avoiding another risk resulting from‘ the re 
duced dimensions of the ring. . I I ’ .. 

It will be easily understood that if the clearance bei 
tween the piston considered as a whole and the cylinder, 
is of about one tenth mmgfor example, any difference of 
thermal expansion between the‘piston and the cylinder 
will be objectionable. - ' . a 7' 

It is yet another object of the invention to provide a 
hydro-pneumatic accumulator, wherein the cylinder and 
the piston, (or at least the body of the piston in which 
is formed the rabbet and the member transmitting the 
compression to the ring) are made of the same metal. 
This arrangement avoids any risk of jamming, or exces 

sive clearance due to differences of expansion; 7 It is to be understood that by “same metals” there is 

meant here metals having the same coe?icient of expan 
sion such as for example, ferrous metals which, permits, 
if desired, to use steels of .di?erent grades for the various 
elements. ' Y 7 - 

In a preferred embodiment of the invention,~»to reduce 
the clearances which might result from expansions. affect. 
ing di?z‘erently the piston and the cylinder, both‘ are made 
of steel which, among the metals of su?iciently low price 
and- having satisfactory mechanical features, is the one 
offering the lowest coefficient. of expansion. r ~ ‘ 
To avoid any deterioration of the cylinder surface, due 

to the steel-to-steel friction which could cause subsequently 
a deterioration of the packing ring, it is still a further ob 
ject of the invention to chromatize the steel of the cylinder 
internal walls, while making the piston and the compres 
sion member of ordinary'steel. ' ‘ ' ~ ' ' 

This arrangement permits, in particular, of using with 
out any risk of scratching, a steel of the same grade for 
the cylinder as well as for the piston (which permits of 
making'the latter lighter). I V ' . p ' ' 

Hereabove, the invention has been described in its ap 
' plication to'the free piston of hydro-pneumatic accumui 
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' lators, since in this application its advantages are particu 
larly remarkable. - 

It is, however, to be understood that theinvention is 
not limited to this application. ' ' 

In the ?rst prior speci?cation referred to in the begin-i 
ning of this speci?cation, it has been explained that owing, 
to the general arrangement of the packing device described 
‘in the said patent, the tightness may be considered an ab-'" 

M Ills“) 
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‘solute if the pressure (with which the packing ring is 
vapplied along a continuous circumference against the an 
nular member, such as the cylinder with which it co 
operates) is higher, even but slightly, than the ‘difference 
between the pressures prevailing on either side of the 
packing device. - 

Under these conditions, it is clear that a packing device 
designed as described above may be incorporated, within 
the scope of the invention, to a hydraulic cylinder piston, 
if the pressure difference on either side of the said piston 
can never be higher than the pressure with which the 
ring is applied against the cylinder surface. 
As described above, said pressure is normally of about 

600 kg./cm.2. As a result, the invention may be applied 
in any hydraulic cylinder in which the pressure difference 
between the two faces of the piston is lower than the said 
pressure. 

Therefore, the invention covers, in addition to hydro 
pneumatic accumulators comprising a free piston such as 
de?ned above, any hydraulic cylinder the piston of which 
is equipped in the same manner. 

Other objects and advantages of the invention will be 
hereinafter described with reference to the accompanying 
drawings, given merely by way of example. 

In these drawings: 
FIG. 1 shows a hydropneumatic accumulator according 

to the invention. 
FIG. 2 shows, on a larger scale, the piston of the said 

accumulator, and 
FIG. 3 is a part view on a still larger scale, of an ele 

ment of the said piston. 
Referring to the drawings, there is shown at 1 the cylin 

der of an accumulator which is divided into two com 
partments by a free piston 2. 

In FIG. 1, the space located above piston 2 is intended 
to be ?lled with compressed gas while the space located 
under the said piston is intended to be ?lled with pressure 
liquid, the said liquid being sometimes expelled out of 
the accumulator, in particular when the latter is stocked. 
. In this state, the piston 2 is applied by the gas pressure 
against the lower head 3 of the accumulator. 
The free piston 2 is designed in the same manner as 

described in the above ?rst cited prior speci?cation. How 
ever, according to the invention, the ring 4 is made of a 
plastic and elastic material o?en'ng the above-mentioned 
features. This ring thus requires, to be deformed plasti 

' cally, a very high pressure which is supplied by a strong 
spring 5 acting through an annular member 6, as shown 
in the drawings. Moreover, the dimensions of the ring 
4 are considerably reduced, as compared with those of 
the ring described and shown in the above-cited speci?ca 
tion. As a matter of fact, in the example shown, the ring 
4, when free (i.e., before being deformed by the spring 
5) has a height of about 1&0 of the diameter of cylinder 1. 
After the deformation of the ring, the said height is still 
smaller. That surface of the ring 4 which is in contact 
with the cylinder wall is thus reduced to the strictest mini 
mum. Since, moreover, the coefficient of friction of the 
ring material on the cylinder metal is very low, the over 
all friction between the ring and the cylinder is extremely 
reduced, which ensures an excellent operation of the ac 
cumulator. 

In the case of a ring made of polytetra?uorethylene, 
the strength of the spring 5 is such that the pressure ex 
erted on the ring is of about 60 kg./cm.2. Assuming that 
the accumulator operates between 200 and 300 kg./cm.2, 
it will be understood that when the piston 2 is compressed 
against the head 3, the ring 4 is subjected to an additional 
pressure of 200 kg./cm.2, i.e., an extra 1A of the normal 
pressure to which it is permanently subjected by the 
spring 5. Thus, the said ring does not risk to be crushed 
under the action of the additional pressure, which could 
cause extrusion of the said ring between the piston and 
the cylinder. 
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6 
The invention comprises, in addition to the above-men 

tioned general arrangements, a number of supplemental 
dispositions intended to improve the conditions of opera~ 
tion of the accumulator. In such an accumulator, it is 
important to avoid any risk of jamming or objectionable 
friction without increasing the clearances between “the 
member 6 and the cylinder, as well as between the piston 
and said member 6. , 

According to a_feature of the invention, the annular 
member 6 is guided by a cylindrical portion 7 formed on 
the rod '12 which carries the abutment 13 against which 
bears the spring 5, the said guiding being ensured by ‘a 
rounded portion 11 of the inner edge of the member 6. 
Thus, the latter is positively located along a circular line 
of small diameter. This arrangement is very important 
since it is indispensable that the member 6 keeps a certain 
freedom of angular displacement to ensure a uniform 
compression of the ring 4. ‘Since the clearance between 
the member ‘6 and that portion of the piston on which it 
is guided is proportional to the diameter of the said piston 
portion, it is necessary and suf?cient to reduce the said 
diameter, which is obtained by means of the above-de 
scribed arrangement. Moreover (see details in FIG. 3), 
the outer wall of the annular member 6 is so designed as 
to leave a small clearance between the cylinder wall and 
the said member 6. The preferred shape of the outer 
wall of the member 6 is that shown in FIG. 3, the space 
provided between the member 6 and the cylinder wall 
having the form indicated at 10. This form ensures the 
required angular freedom of the member‘ 6 without in 
creasing the necessary clearance in the neighbourhood of 
the ring between the said member and the cylinder. 
As shown in particular in FIG. 2, the rod 12 offers, in 

dependently of the guiding cylindrical portion 7, two other 
cylindrical portions having a diameter greater than that 
of the rod 12, viz., the portions ‘8 and 9. These portions 
are intended to ensure guiding of the spring 5. 

In FIG. 2, is shown another feature of the invention, 
viz., a particular shape of the spring 5, as well as the man 
ner in which it is mounted and precompressed. As 
shown in this ?gure, the ratio between the mean wind~ 
ing diameter D of the spring and its wire diameter d is 
smaller than 3 which, as already mentioned, is in absolute 
contradiction with the ratios usually admitted in the 
manufacturing standards. 
FIG. 2 also shows that the mounting and precompres 

sion of the spring may be ensured by a more axial dis 
placement of the annular abutment member 13 which, 
once the spring has undergone the desired deformation, 
is locked by means of a piano wire 14. It will be noted 
that the distance 0 between the face 15 of the abutment 
13 and the face 16 of the shoulder 9 is reduced to the 
strict minimum necessary to permit of mounting the 
piano wire 14. 

This is made to take into account the fact that it is 
important to avoid, once the spring has been suitably pre 
compressed, any increase of its length. 

It will be easily understood that, if the abutment mem 
ber 13 is locked by means of a nut or any similar means, 
the clearance 0 may be completely suppressed. ' 

It is to be noted that the invention is not limited to 
any particular material of the ring (provided that the . 
said material correspond to the two above-mentioned con 
ditions), nor to any speci?c dimensions of the said ring 
with respect to the dimensions of the accumulator. 
What is claimed is: 
1. In a hydropneumatic accumulator comprising a cyl 

inder and piston slidably mounted in said cylinder to di 
vide the same into a liquid pressure chamber and a gas 
pressure chamber, said piston being constituted by a disk 
shaped element including an annular step formed by a 
rabbet around the periphery of said disk-shaped element 
and an axial extension carrying an abutment, said annu 
lar step forming an annular open chamber bounded ra 
dially by the cylinder wall and by a concentric cylinder 
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surface on the piston, and the bottom of said annular 
chamber being formed by the annular surface of said step 
‘extending from said cylindrical surface toward said cyl 
inder ,wall, the combination comprising an annular seal 
ing ring located in said annular open chamber and of an 
elastically and plastically deformable material of a hard 
ness requiring, for an axial compression of the ring ca 
pable ofrdetermining a radial deformation thereof su?i 
cient to insure substantial tightness, an axial pressure at 
least equal’to the maximum ?uid pressure for which the 
accumulator is calibrated, a seal-compressing ring slid 
‘ably mounted in said chamber and resting against said 
sealing ring, said annular sealing ring having a height not 
more than 3760 of the cylinder diameter and being of rela 
tively small width, and a coiled wire spring located be 
tween said seal-compressing ring and said abutment and 
calibrated to exert said axial pressure on said sealing ring, 

10 

15 

8 , . 

said spring having a winding diameter between 2.5 and 3 
times'its wire diameter and being con?ned between the 
seal-compressing ring and said abutment so that it is pre 
stressed beyond its limit of elasticity. 

‘ 2. The structure of claim 1, and‘ wherein said seal-com 
pressing ring has a rounded inner annular edge surround 
ing and engaging said axial extension. 
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