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3,339,464 
DEVICE INCLUDING AT LEAST ONE SEAL IN 
THE FORM OF A ROLLING DIAPHRAGM BE 
TWEEN TWO CO-AXIALLY ARRANGED REL 
ATIVELY MOVABLE ELEMENTS 

Johan Adriaan Rietdijk, Emmasingel, Eindhoven, Nether 
lands, assignor to North American Philips Company, 
Inc., New York, N.Y., a corporation of Delaware 

Filed Dec. 3, 1964, Ser. No. 415,711 
Claims priority, application Netherlands, Dec. 13, 1963, 

301,824 
3 Claims. (Cl. 92-98) 

This invention relates to a device including at least 
one seal in the form of a rolling diaphragm between two 
co-axially arranged, relatively movable elements, each 
rolling diaphragm separating two spaces each containing 
a medium, the medium contained in one of the said 
spaces being substantially uncompressible, and means 
being provided for maintaining a pressure difference 
across each rolling diaphragm which is substantially con 
stant at least during each stroke. 
Known devices of the kind to which the present in 

vention relates are, for example, compressors, cold-gas 
refrigerators, hot-gas engines, etc. In such devices the 
rolling diaphragm completely seals a working space. 
However, the said known devices have the disadvantage 
that the material of the rolling diaphragm exhibits creep 
by the action of the pressure difference prevailing over 
it, that is to say the rolling diaphragm becomes longer 
in course of time and hence thinner. In known devices 
the walls of the gap housing the rolling diaphragm are 
made parallel to one another. This implies that the sur 
face area of the diaphragm across which the pressure dif 
ference prevails is invariably the same independently of 
the degree of extension of the rolling diaphragm, Conse 
quently the total force to be absorbed by the rolling 
diaphragm is also invariably the same. If the rolling dia 
phragm becomes thinner through creep the tension in 
the rolling diaphragm will therefore increase. We are thus 
concerned as it were with an avalanche effect and the 
creeping velocity will increase more and more. 
The present invention is based on recognition of the 

fact that the accelerated creep may be counteracted by 
providing that the tension in the rolling diaphragm upon 
creeping increases less rapidly or not at all. I 1 
To realize this recognition, the device according to the 

invention is characterized in that the wall parts of the 
relatively movable elements which form the ‘gap contain 
ing the rolling diaphragm, at least from the area where 
the rolling diaphragm is secured to the wall parts,’ are 
relatively convergent towards the space to which the 
convex side of the rolling diaphragm is adjacent. 

If the rolling diaphragm becomes longer and thinner 
through creep, the surface area of the rolling diaphragm 
across which the pressure di?‘erence prevails also becomes 
smaller. Consequently the‘ total force to be absorbed by 
the rolling diaphragm also becomes smaller and hence 
the tension in the rolling diaphragm will substantially 
not vary. The tendency for the rolling diaphragm seal 
to become elongated has been overcome by a surpris 
ingly simple construction. 
The convergent Wall parts are not bound to a deter 

mined geometric shape, the only condition being that the 
.gap becomes narrower. 

In one advantageous embodiment of the device accord 
ing to the invention the convergent wall parts have a 
conical shape, the conical gap formed between the said 
wall parts becoming, narrower from the area where the 
rolling diaphragm is secured to the said wall parts towards 
the space to which the convex side of the rolling dia 
phragm is adjacent. 

2 
The conical wall parts have the advantage that they 

can be manufactured fairly easily. 
In another advantageous embodiment of the device ac 

cording to the invention the conical wall parts are formed 
5 as parts of peripheral surfaces of cones having the same 
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apical angle. 
Another advantageous embodiment of the device ac 

cording to the invention is characterized in that the 
convergent wall parts extend so that the quotient d/s has 
the same value for any length of the rolling diaphragm, 
d being the thickness of the rolling diaphragm in the 
portion thereof which does not engage the wall parts and 
s being the width of the gap at the area where the roll 
ing diaphragm disengages 'from the Wall parts. 

This embodiment a?’ords the advantage that the tension 
in the rolling diaphragm invariably has the same value. 
Acceleration of the creep is thus completely avoided and 
this naturally has a favourable in?uence on the lift of 
the rolling diaphragm. 
According to the invention a device comprising two 

rolling diaphragms as seals which are arranged between 
the adjacent walls of the movable elements and the con 
vex or concave sides of which are adjacent one another, 
wherein the space between the said rolling diaphragms 
also contains an uncompressible medium, is character 
ized in that the wall parts with which one rolling dia 
phragm co-acts and the wall parts with which the other 
rolling diaphragm co-acts are convergent in opposite di 
rections. 

In order that the invention may be readily carried 
‘into effect, it will now be described in detail, by way of 
example, with reference to the accompanying diagram 
matic drawing, showing several cylinder-piston com; 
binations provided with seals in the form of rolling dia 
phragms. 

FIG. 1 shows a known device in which the rolling 
diaphragm is arranged in a gap the walls of which are 
parallel to one another; - 

FIGURES 2 and 3 are sectional views of two devices 
in which the rolling diaphragms are arranged in gaps 
which become narrower; " _ _ 

FIG. 4 shows a device in which two rolling diaphragms 
are arranged as seals between a piston and its cylinder; 

, FIG. 5 shows a device in which the rolling diaphragm 
is arranged in a gap the walls of which are convergent 
along curved lines. 

Referring now to FIGURE 1, the reference numeral 
_1 indicates a cylinder in which two pistons 2 and 3 are 
movable. Between the pistons 2 and 3 is a space 4 ?lled 
with liquid. The piston 3 has a piston rod 5 which in turn 
may be connected to a driving mechanism (not shown). 
A line 6 for the supply of liquid is connected to the 
space 4. The upper side of the piston 2 can vary the vol 
ume of a working space 7. The lower side of the piston 
2 is provided with a control pin 8 which exhibits a rim 
of ori?ces 9. A spring 10 ensures that the pressure in 
the liquid in space 4 is invariably lower than the pres 
sure in the space 7. If an excessive amount of liquid 
is supplied through ‘line 6 so that the pressure difference 
would become smallerathan the pressure difference de-‘ 
sired, the distance between the pistons 2 and 3 becomes 
a little greater and the ori?ces 9 come free so that liquid 
can flow from the space 4 to the crank case. 
A rolling diaphragm 11 is arranged as a seal between 

the piston 2 and the cylinder 1 so that the pressure dif 
ference Ap caused by spring 10 prevails across the said 
rolling diaphragm. As a result of this pressure difference 
the material of the rolling diaphragm has a tendency 
to creep. The ?gure shows the initial position of the 
rolling diaphragm in full lines. In this position the roll 
ing diaphragm has a thickness d1. The width of the gap 
is indicated by S. When viewed in an axial section, the 
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rolling diaphragm is now subject to a force K=S.Apt. 
This force causes a tension F in the rolling diaphragm 
which is equal to 

_ £2 
-2011 

The rolling diaphragm starts to creep by the action 
of this tension. 

After some time the rolling diaphragm has assumed 
a position shown in broken lines. The rolling diaphragm 
now has become a little longer, resulting in a decreased 
thickness. The thickness d2 is thus less than the thick 
ness all. The rolling diaphragm is still subject to the same 
force K==S.Ap. The tension in the rolling diaphragm is 
now 

F 

The tension has thus increased which means that creep 
ing will proceed more and more rapidly. 
To avoid this increase in creeping velocity, the rolling 

diaphragms in FIGURES 2 to 5 are arranged in gaps 
which become narrower. In these ?gures the same ref 
erence numerals are used as in FIGURE 1. 
FIGURE 2 shows a device which, as previously stated, 

comprises the same components as the device of FIG 
URE 1. The only di?erence is that the wall parts 12 and 
13 of the cylinder 1 and the piston 2 respectively, are 
not now parallel to one another but convergent. The 
operation of the device is otherwise exactly the same as 
that of the device of FGURE 1. Thus again the pressure 
difference Ap prevails across the rolling diaphragm 11. 
The initial position of the rolling diaphragm is again 
shown in full line. The thickness of the rolling diaphragm 
in this position is again d1 and the width of gap at the 
area where the rolling diaphragm 11 disengages from 
the wall parts 12 and 13 is indicated by S1. As viewed in 
axial section, the rolling diaphragm is thus subjected to 
a force K1=S.Ap. The tension in the rolling diaphragm 
is thus 

After some time the rolling diaphragm, due to the 
creep occurring, has reached a position as shown in 
broken lines in FGURE 2. The thickness of the rolling 
diaphragm is now d2, which is less than d. The width 
of gap at the area where the rolling diaphragm 11 dis 
engages from the wall parts 12 and 13 is now S2, which 
is less than S1. The force acting on the rolling diaphragm 
is now K2=S2Ap. The tension in the rolling diaphragm 
is thus K2/2a‘2. Since now both d2 and K2 are less than 
d1 and K1 the tension F2 can be equal to the tension 
F1. This is the case if ' 

Consequently the creeping velocity will not increase. It 
iseven possible to make the wall parts 12 and 13 con 
vergent to one another so greatly that the tension F2 
is less than the tension F1 so that the creeping velocity 
will be reduced. 
The said conical gap has the additional advantage that 

the rolling diaphragm also becomes less sensitive to varia 
tions in the pressure difference. 
FIGURE 3 shows a device identical to that of FIG 

URES 1 and 2 but with the convex side of the rolling 
diaphragm 11 adjacent to the working space 7. The gap 
between the wall parts 12 and 13 now becomes narrower 
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4 
towards the working space 7. In this position of the roll 
ing diaphragm 11 the spring 10 has to be formed as a 
pull spring so that the pressure in the liquid in the 
space 4 exceeds that in the working space 7. The opera 
tion of the device is otherwise similar to that of the 
device of FIGURE 2. 
FIGURE 4 again shows a device the main components 

of which correspond to those of the devices of FIGURES 
2 and 3. The seal between the piston 2 and the cylinder 
1 is now constituted by two rolling diaphragms 14 and 
15 the concave sides of which are adjacent to one another. 
A space 16 between the rolling diaphragms is ?lled with 
an amount of liquid such that the pressure prevailing in 
the said space is ‘higher by a constant amount than the 
pressure in the working space 7 and in the space 4. In 
order to maintain the creeping velocity of the rolling 
diaphragms within permissible limits, both rolling dia 
phragms co-act with convergent wall parts, the gap be 
tween the wall parts 17 and 18 with which the rolling 
diaphragm 14 ‘co-acts becoming narrower in a direction 
opposite to the direction in which the wall parts 19 and 
20 with which the rolling diaphragm 15 ‘co-acts are 
convergent. 
The piston-cylinder combination as shown lends itself 

especially for use in compressors, cold-gas refrigerators, 
hot-gas engines, expansion machines, etc. 
The drawings show only a few examples of rolling dia 

phragms. Although in the ?gures both the wall part of 
the piston and that of the cylinder are made sloping, it 
will be evident that it is also possible to make one of 
the said wall parts cylindrical and the other sloping. It 
will be evident that the principle underlying the inven 
tion is also applicable to other structures of rolling dia 
phragms which are not shown. 

Lastly, FIGURE 5 shows a seal in the form of a roll 
ing diaphragm the wall parts 12 and 13 of which are 
not rectilinear. In this construction, too, the occurrence 
of accelerated creep is prevented due to the gap between 
the wall parts 12 and 13 becoming narrower. From this 
it appears that, although the conical shape affords cer 
tain advantages in manufacture, wall parts of a different 
shape can also be used. 
What is claimed is: 
1. An apparatus comprising a cylinder, at least one re 

ciprocable piston in said cylinder, a rolling diaphragm 
seal connected to said piston and said cylinder and de 
?ning two separate spaces, one of said spaces containing 
an incompressible liquid column, means being provided 
for maintaining a pressure difference across said rolling 
diaphragm seal which is substantially constant during 
each stroke of said piston, the adjacent walls of said 
piston and cylinder which form the gap containing said 
rolling diaphragm seal being convergent with respect to 
one another towards the space to which the convex side 
of said rolling diaphragm seal is adjacent, said rolling 
diaphragm seal assuming the con?guration of said con 
verging walls, said convergent walls extending so that 
the quotient d/s has the same value for any length of 
said rolling diaphragm seal, d being the thickness of 
said rolling diaphragm seal in the part thereof which 
does not engage said convergent walls, and s being the 
width of the gap at the location where the rolling dia 
phragm seal disengages from said walls. 

2. An apparatus as claimed in claim 1 wherein said 
convergent walls are curvilinear. 

3. An apparatus comprising a cylinder, at least one re 
ciprocable piston in said cylinder, a ?rst rolling diaphragm 
seal connected to said piston and said cylinder and de 
?ning two separate spaces, one of said spaces containing 
an incompressible liquid column, means being provided 
for maintaining a pressure difference across said rolling 
diaphragm seal which is substantially constant during 
each stroke of said piston, the adjacent walls of said 
piston and cylinder which form the gap containing said 
rolling diaphragm seal being convergent with respect to 
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one another towards the space to which the convex side 
of said rolling diaphragm seal is adjacent, said rolling 
diaphragm seal assuming the ‘con?guration of said con 
verging walls, a second rolling diaphragm seal connected 
to said piston and cylinder, both of said seals being 
V-shaped and engaging each other and extending in 0p~ 
posite directions, a space formed between said two roll 
ing diaphragm seals having an incompressible liquid me 
dium therein, and the Wall parts for one of said rolling 
diaphragm seals being convergent in opposite directions 
to the wall parts for the other of said rolling diaphragm 
seals. 
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