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1. 
This invention has reference to improvements 

in or relating to expansible chambers of the dia 
phragm type. It provides an arrangement in 
which considerable force can be exerted by a 
flexible and preferably fluid-impervious surface 
member of comparatively light construction; as, 
for example, rubber sheet or the like, which is 
Supported by a separately formed reinforcing 
member of comparatively great strength. This 
member comprises a coil having a plurality of 
closely pitched turns of relatively rigid strip ma 
terial; as, for example, strip metal. According 
to the invention, the bottom side of the coil 
(that is, the side farthest away from the pres 
Sure fluid acting On the diaphragm) is supported 
from radially-disposed coacting fixed and axial 
ly-movable ingers, preferably by means of a low 
er Surface member or a cushion of flexible ma 
terial. 

Co prevent adjacent turns of the coils from be 
coming dislodged, and thus preventing the fin 
gers or cushion from properly functioning, rela 
tive axia novelinent between adjacent turns lo 
cated between the marginal edges of the coil may 
be limited to an amount small compared with 
the relative movement permitted in an axial di 
rection between the said edges, by flexible bind 
ing paSSing through Some ol' all of the turns. In 
one preferred construction, turns of the coil are 
in a sealed up Zone between the surface mem 
bers; and, as most of the air is excluded from the 
said Sealed-up zone, the said Surface members 
tend to cling to the reinforcing member, thus 
promoting proper cushioning between the fingers 
and the turns. 
Other objects and improvement are apparent 

in the following description, when read in con 
nection with the accompanying drawing, of 
which 

Fig. 1 is a vertical section of a power head of 
a fluid-operated press, riveter, or the like, in 
which a diaphragm in accordance with this in 
vention is installed; 

Fig. 2 is a part vertical section of a power head 
Similar to that of Fig. 1, with parts in different 
positions and with another form of diaphragm in 
accordance with this invention; 

Fig. 3 is a plan of the center piece and yoke 
appearing in Figs. 1, 2, and 4; 

Fig. 4 is a part vertical section of the power 
head shown in Fig. 1, but with the diaphragm 
and cooperative parts in different positions; 

Fig. 5 is an enlarged section of parts appear 
ing in the left-hand part of Fig. 1; 

Fig. 6 is an enlarged view of a part of Fig. 2, 
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2 
but with the diaphragm in a different position; 

Fig. 7 is a plan view of one form of the dia 
phragm; 

Fig. 8 is a section on line 8-8, with bottom 
Surface member 2 a deleted, Fig. 7; 

Fig. 9 is a view similar to Fig. 8, but with the 
inner edge of the diaphragm moved axially With 
relation to its outer edge; 

Fig. 10 is a view similar to Fig. 8, but showing 
the diaphragm as it appears when bent along 
the line 8-8; 

Fig. 11 is a plan view of certain parts shown 
by Fig. 12; 

Fig. 12 is a section on line 65-65, Fig. 11; 
Fig. 13 is a view of parts seen when looking up 

Wardly on the assembly of parts shown by Fig. 12. 
The principle involved in this invention is sim 

ple and will be understood by reference to Fig 
ures 7, 8, 9 and 10 in which the diaphragm 20 
Comprises a Surface member 2 and a reinforc 
ing member 23 and optionally a surface mem 
be 2d. 
The surface member 2 comprises flexible ma 

terial preferably impervious to fluid pressure, 
Such as for instance one or more thicknesses of 
sheet rubber insertion 22, as shown in the en 
larged view Figure 5. 
The term "rubber insertion' as used herein, 

means rubber, whether fiat or of curved surface, 
in which has been molded cottonfabric or other 
relatively non-stretchable material. 
The reinforcing member 23 comprises relative 

ly rigid coiled strip or box strapping, wound so 
as to have a plurality of closely pitched turns 24, 
as shown in the enlarged view Figure 5, coiled 
about the central axis 25 to form a spiral some 
What resembling a clock spring, as shown in Fig 
ure 7, the said turns 24 being loosely coiled, that 
is to say, movable turn by turn in an axial direc 
tion; the turns 24 are referred to as being closely 
pitched in relation to one another because be 
tween the points 53 and 55 one turn tends to keep 
the adjacent turn located in position radially, 
either by coming in contact with one another or 
by pressing on one another through spacers, such 
as for instance spacers 57. 
The diaphragm 2 possesses considerable 

strength and rigidity against folding, as indi 
cated in Figure 10, about a substantially radially 
disposed line, such as line 26a shown in Figure 7; 
yet the diaphragm 20 possesses considerable 
flexibility in a substantially axial direction, as 
indicated in Figure 9. 
One method of utilizing this feature is to as 

Semble the diaphragm 2) as shown in Figures 11, 
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12 and 13, in which the inner edge 50 of the re 
inforcing member 23 is clamped to the Surface 
member 2 by a washer 27 having a centre set 
Screw 28 passing through a centre disc 29 and 
Screwing into a centre piece or grid 30. 
The centre piece 38 has radially disposed cen 

tre piece or grid fingers 3 with inclined centre 
piece or grid surfaces 52, a lower Surface member 
2d or cushion of flexible material being clamped 
between the said centre piece 30 and the rein 
forcing member 23. 
In Figures 1, 2 and 4 the assembled diaphragm 

as described with reference to Figures 11, 12 and 
13 is shown forming the flexible wall of an ex 
pansible fluid tight diaphragm chamber 32 of a 
preSSure fluid operated press or riveter, the Said 
chamber having a pressure fluid inlet 63. 
The Surface member 2 is clamped to the out 

er edge 33 of the reinforcing member 23 by a 
distance piece 34 attached to the chamber head 
35 by a gasket 5f and set screws 36, and the 
lower Surface member 2d. is clamped to the said 
outer edge 33 by a yoke 3. The yoke 37 is at 
tached to the chamber head 35 by bolts 38, an 
enclosing barrel 39 being provided between the 
said yoke 3 and the said head 35. 

Distance piece 34 is shown having an inclined 
surface 34a, which the surface member 2 may 
contact. So as to reduce the volume of the cham 
ber 32 to a minimum when such is desired, the 
Surface 3d being oppositely inclined to the sur 
face 7 of the yoke 3. 
The centre set screw 28 attaches the centre 

piece 30 to the press mandrel 4, the expansible 
chanber 32 being contracted, as shown in Figure 
1, by a compreSSion Spring 4 situated between 
the centre piece 36 and the press head 42. 
The press head 42 is secured to the yoke 37 by 

bolt extensions 43, a lower barrel 44 acting as a 
distance piece. 
The Spring is surrounded by a collar 45 lim 

iting the downward movement of the centre piece 
30, and hence the stroke of the diaphragm 20, as 
indicated in Figure 2 showing the expansible 
chamber 32 fully expanded. 
The chamber head 35 may be made integral 

With the distance piece 34 in which case the set, 
ScreWS 36 may be omitted; the yoke 37 may be 
made integral with the lower barrel 44, press 
head 42 and collar 45; the mandrel 40 may be 
made integral with the yoke 36, the term man 
drel including any shape of member for trans 
mitting considerable force. 

Referring to Figure 3, the outwardly project 
ing centre piece fingers 3 of the centre piece 30 
are situated between inwardly projecting yoke 
fingers 46 of the yoke 37. 
The centre piece fingers 3 have inclined cen 

tre piece Surfaces 52 on the side facing the lower 
Surface member 2d., as shown in Figure 2, and 
the yoke fingers 48 of the yoke 37 have inclined 
yoke Surfaces 4 on the side facing the lower 
Surface member 2a, as shown in Figure 1. 

Referring to Figure 5, which is an enlarged 
view of portion of Figure 1, in which the expan 
sible chamber 32 is contracted. When fluid pres 
Sure is admitted to the chamber 32, thrust from 
Said fluid is transmitted through the surface 
member 2 onto the top sides 48 of turns 24 of 
the reinforcing member 23. Thrust from the re 
inforcing member 23 is transmitted through the 
bottom sides 49 of the turns 24 to the lower sur 
face member 2 fa. 
Some of the thrust from the lower surface 

member 2d., namely that between the points 53 
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4. 
and 54 Figure 5, is transmitted to the centre 
piece 30 through the inclined centre piece Sur 
faces 52 of the centre piece fingers 3, and Some 
of the thrust from the Said lower Surface men 
ber 2d., namely that between the points 54 and 
55 Figure 5, is transmitted to the yoke 37 through 
the inclined yoke surfaces 4 of the yoke fin 
gers 46. 
When the expansible chamber 32 is fully Con 

tracted, the distance between points 54 and 55 
is small, as shown in Figure 5. When the ex 
pansible chamber 32 expands, as shown in Fig 
lure 4 and the enlarged view Figure 6, the centre 
piece fingers 3 move downwards between the 
yoke fingers 46, thereby transferring turn by 
turn the support of the reinforcing member 23 
from the centre piece fingers 3 to the yoke fin 
gers i8. 
When the expansible chamber 32 is fully ex 

panded, the distance between points 53 and 54 is 
Small. Figure 2 shows the expansible chamber 
32 fully expanded. 

Referring to Figure 1, it will be understood 
that some thrust from the pressure fluid is trans 
mitted to the press mandrel 43 through the 
Washer 27, in addition to the thrust transmitted 
to the said mandrel 40 through the centre piece 
fingers 3. 

Referring to Figure 5, the reinforcing member 
23 is sealed from atmosphere by a sealing medi 
um 66, such as for example rubber solution on 
Sticky tape applied externally or as spacers or 
Separators between turns 24 adjacent to the out 
er edge 33. The exclusion of most of the air 
from Within the Sealed Zone formed by the seal 
ing medium. 60 and the Surface members 2b 
and 2 c causes the said members 2 b and 2 ic to 
tend to cling to the reinforcing member 23, as 
for instance adjacent to the point 6 in Figure 6, 
and thereby limit relative movement between ad 
jacent turns 24 and 240, and in consequence bind 
the Said turns against coming apart. 

Air may be removed from the sealed zone con 
taining the reinforcing member 23 by a vacuum 
pump applied, for example, to a hole 86 in the 
Surface member 2 ic during assembly of the dia 
phragm, the Said hole 64 being subsequently 
Sealed with a sealing medium 60. 

Alternatively, under some circumstances the 
hole 64 may communicate with the passage 62 
to which suction may be applied by any suitable 
leanS. 
The sealed Zone containing the reinforcing 

member 23 may contain liquid or lubricant. 
Referring to Figure 6, the reinforcing member 

23 may contain holes 58, and any siutable bind 
ing, such as flexible leather cord 59, may pro 
ject through the said holes 5S, the said binding 
limiting the relative movement between adjacent 
turns 24 and 24d. 
The cord 59 may be contained within the 

Sealed Zone described with reference to Figure 5, 
or the said cord 59 may project to outside the 
reinforcing member 23, as shown in Figure 2. 

Referring to- Figure 5, it Will be understood 
that adjacent turns 24 and 24a may comprise 
different lengths of strip, and not necessarily of 
the same material. 
Adjacent turns 24 and 24a may be separated 

by coil Spacers 51, as for instance wire mesh, to 
which the surface members 2 b and 21c may be 
Secured in any suitable manner. 

In Figure 6, the adjacent turns 24 and 24a are 
shown in sliding contact with one another, the 
Said adjacent turns sliding relatively to one an 
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other in an axial direction when passing from 
the centre piece or grid fingers 3, namely, the 
axially movable fingers, to the yoke fingers 46, 
namely, the fixed fingers, as the chamber 32 ex pands. 
The turns 24 and 24a are referred to as being 

loosely coiled between the points 53 and 55 be. 
cause, between those points, the said turns 24 
and 24d are sufficiently free to move relatively 
to one another in an axial direction to permit 
transfer from the centre piece fingers 3 to the 
yoke fingers 46, as indicated near the point 6. 
The turns 24 and 24a in Figure 6 are, however, 

referred to as being closely pitched in relation 
to one another because, between the points 53 
and 55 one turn tends to keep the adjacent turn 
located in position radially either by coming in 

O 

5 

contact with one another or by pressing on one 
another through spacers, such as for instance 
spacers 57 in Fig. 5, 

It will be understood that, as the turns 24 and 
24a are Wound about the central axis 25, they 
are referred to as being radially disposed turns. 

Referring to Figure 5, the inner marginal edge 
of the coil comprises those turns located nearer 
the central axis 25 than the point 53, and the 
Outer marginal edge of the coil comprises those 
turns located further away from the axis 25 than 
the point 55. The said marginal edges may be 
of non-flexible construction, such as, for exam 
ple, exists when adjacent turns are tightly wound 
or cemented together by the sealing medium 6. 
The reinforcing member 23 is separately 

formed, that is to say, the said reinforcing mem 
ber is not formed as an integral part of the sur 
face members 2, 2 b and 2 c. 

Between the points 53 and 55, the turns 24 are 
not directly attached to the surface members 
2 ft) and 2 c.; in consequence, between the said 
points 53 and 55, there is Some independence of 
axial movement between the said turns 24 and 
the said Surface members 2 lb and 2 c while the 
turns 24 are transferring from the centre piece 
fingel's 3 to the yoke fingers 46, as indicated 
near the point 6 in Figure 6; hence the said 
Surface members 2b and 2C may readily accom 
modate themselves to the changing shape of the 
reinforcing member 23, as shown in Figure 6, 
While the chamber 32 is expanding or contract 
ing; in other words, the coil of turns 24 between 
the points. 53 and 55 is in co-operative relation 
With the surface members 2 lb and 2 c. 

Referring to Figure 5, it will be understood 
that the closely pitched turns 24 provide closely 
pitched top sides 48 for effectively supporting the 
comparatively lightly constructed surface mem 
ber 2 ib and, therefore, permitting the said light 
ly constructed Surface member 2 b to withstand 
appreciable pressure and accordingly transmit 
considerable force to or from the reinforcing 
nnember 23. The depth of the closely pitched 
turns 24, namely, the distance between the top 
side 48 and the bottom side 49, provides com 
paratively great strength permitting the distri 
bution of considerable force to or from the fin 
gers 3 and 46. 
The peripheral portion of the diaphragm ex 

tends from the point 53 in a direction away from 
the central axis 25 and the center of the dia 
phragm extends from the point 53 into the said 
central axis. 

claim: 
1. In a pressure chamber, a diaphragm com 

prising oppositely disposed fuid impervious flexi 
ble sheets and between said sheets arcuate re 
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6 
inforcing strips in edge contact therewith, oppo 
sitely disposed rings having substantially paral 
lel surfaces clamped against the peripheral por 
tion of said diaphragm and oppositely inclined 
diaphragm contact surfaces inside thereof, a 
Center shaft, a plate thereon disposed against 
One side of Said diaphragm, and a member on 
Said shaft disposed against the opposite side of 
diaphragm and having near its periphery a dia 
phragm Contacting surface of an inclination cor 
responding to that of one of said rings, the said 
rings and said plate and member pressing said 
diaphragm sheets against the reinforcing strips 
therebetween. 

2. In a preSSure chamber, a diaphragm com 
prising oppositely disposed fluid impervious 
fiexible sheets and between said sheets rigid con 
tinuous arcuate reinforcing strips in edge con 
tact therewith in an area extending from near 
the perimeter of the diaphragm toward the cen 
ter, oppositely disposed rings having substan 
tially parallel surfaces clamped against the 
peripheral portion of the diaphragm and oppo 
Sitely inclined surfaces to contact with the dia 
phragm inside thereof, a center shaft, a plate 
thereon disposed against one side of said dia 
phragm, a member on said shaft disposed against 
the opposite side of said diaphragm and having 
near its periphery a diaphragm-contacting sur 
face of inclination corresponding to that of one 
of Said rings, the said rings and said plate and 
member on the shaft pressing said diaphragm 
sheets against the reinforcing strips therebe 
tween, the Said diaphragm containing a sealing 
medium interposed between some of said rein 
forcing strips to deter separation thereof, there 
being Spacers between some of said strips, and 
cords disposed through holes in Some of said 
Strips to limit relative axial movement thereof. 

3. In a preSSure chamber, a diaphragm com 
prising oppositely disposed fluid impervious 
flexible sheets and between said sheets rigid con 
tinuous arcuate reinforcing strip in edge contact 
therewith in an area extending from the per 
imeter of the diaphragm toward the center, op 
poSitely disposed rings having substantially 
parallei Surfaces clamped against the peripheral 
portion of said diaphragm and oppositely in 
clined Surfaces to contact with the diaphragm 
inside thereof, a center shaft, a plate thereon 
disposed againstone side of said diaphragm, and 
a member on said shaft disposed against the op 
posite side of said diaphragm and having near 
its periphery a diaphragm-contacting surface of 
inclination corresponding to that of one of said 
rings, the Said rings and Said plate and member 
on the Shaft pressing Said diaphragm - sheets 
against the reinforcing strip therebetween. 

4. In a preSSure chamber, a diaphragm con 
prising oppositely disposed fuid impervious 
flexible sheets and between said sheets arcuate 
reinforcing strips in edge contact therewith, op 
positely disposed annular clamp members held 
against the peripheral portion of said diaphragm 
and one of Said members having inwardly ex 
tending fingers with inclined bearing surfaces 
to contact. Said diaphragm in its peripheral por 
tion, a mandrel or the like attached to the cen 
ter of Said diaphragm, and a member thereon 
in contact with said diaphrgam and having ra 
dial fingers movable between the fingers of one 
of Said clamp members. 

5. In a pressure chamber, a diaphragm com 
prising a flexible surface member, a reinforcing 
member therefor comprising closely pitched 
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turns of relatively rigid strip material loosely 
coiled about a central axis to form a spiral, a 
grid to which the inner edge of said reinforcing 
member is clamped, said grid having outwardly 
projecting fingers to support said coil on flexure 
of Said diaphragm in one direction, a yoke to 
which the outer edge of said reinforcing mem 
ber is clamped, and inwardly projecting fingers 
On said yoke to support said reinforcing men 
ber at termination of fiexure in the opposite 
direction. - 

6. In a pressure chamber, a diaphragm com 
prising a flexible impervious surface part oppo 
sitely disposed to a cushion of flexible material 
and between said part and said cushion a coil of 
strip reinforcement in edge contact therewith, 
oppositely disposed members clamped against 
Said diaphragm at the Outer marginal edge of 
Said Coil, one of said members having inclined 
cushion contacting surfaces pointing inwardly 
from said outer marginal edge, a centre piece 
to which the inner marginal edge of Said coil 
is clan ped, said centre piece having inclined 
cushion contacting Surfaces pointing OutWardly 
froni said inner marginal edge. 

7. In a preSSure chamber, a diaphragm com 
prising oppositely disposed fluid impervious flexi 
bie sheets and between said sheets a reinforc 
ing member therefor comprising closely pitched 
turns of relatively rigid strip material loosely 
coiled about a central axis to form a spiral, a 
grid to Which the inner marginal edge of Said 
reinforcing member is clamped, said grid hav 
ing outwardly projecting fingers to Support said 
Coil on flexure of Said diaphragm in one direc 
tion, a yoke to which the outer marginal edge 
of Said coil is clamped, said yoke having in Ward 
ly projecting fingers to Support said coil on 
fleXure of said diaphragm in the opposite direc 
tion, the Said outer marginal edge having a seal 
ing medium to deter entrance of air between ad 
jacent turns of Said coil. 

8. In a preSSure chamber, a diaphragm com 
prising oppositely disposed flexible sheets and 
between said sheets a reinforcing member there 
for comprising a spiral coil of strip material, 
a grid to which the inner marginal edge of said 
coil is clamped, said grid having outwardly pro 
jecting fingers to support said coil on flexure 
of Said diaphragm in One direction, a yoke to 
Which the outer marginal edge of said coil is 
clamped, said yoke having inwardly projecting 
fingers to Support said coil on fieXure of said 
diaphragm in the opposite direction, the said 
Outer inlarginal edge being connected to the said 
inner marginal edge by a binding passing through 
radially disposed holes in said coil to limit rela 
tive movement between adjacent turns of Said 
coil. 

9. In a preSSure chamber, a diaphragm com 
prising a flexible fluid impervious surface mem 
ber having Oppositely disposed portions and be 
tWeen Said portions a reinforcement therefor 
in edge contact with the inside faces thereof, 
said reinforcement comprising a spiral coil of 
metal Strip, and radially disposed coacting fixed 
and axially movable fingers clamped to the out 
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side face of the bottom portion of said Surface 
member. 

10. In a pressure chamber, a diaphragm com 
prising a flexible fluid impervious surface part 
oppositely disposed to a cushion of flexible ma 
terial and between said part and said cushion a 
Separately formed coil of strip reinforcement in 
edge contact therewith, and radially disposed 
coacting fixed and axially movable fingers 
clamped to the said cushion. 

11. In a pressure chamber, a diaphragm com 
prising a flexible fluid impervious Surface mem 
ber having oppositely disposed portions and be 
tWeen said portions a reinforcement therefor com 
prising arcuate Strip material in edge contact 
therewith, an air-tight seal joining said portions 
together near the periphery of said diaphragm, a 
partial vacuum between said portions to pull same 
in against Said strip, and coacting fixed and axi 
ally-movable fingers clamped to the bottom of 
the diaphragm. 

12. In a pressure chamber, a diaphragm com 
prising a flexible fluid impervious surface mem 
ber having oppositely disposed portions and be 
tween said portions a reinforcement therefor 
Comprising a coil of relatively rigid strip material 
in edge contact therewith, liquid or the like filling 
Voids in Said coil, a Seal near the periphery of the 
diaphragm to deter escape of said liquid, and co 
acting fixed and axially-movable fingers clamped 
to the botton of the diaphragm. 

13. In a pressure chamber, a diaphragm com 
prising a flexible impervious surface part op 
positely disposed to a cushion of flexible material 
and between said part and said cushion a coil of 
Strip reinforcement having different strips in some 
adjacent turns, a grid to which the inner edge of 
Said reinforcement is clamped, said grid having 
OutWardly projecting fingers to support said cush 
ion. On flexure of Said diaphragm in one direction, 
a yoke to Which the Outer edge of said reinforce 
is:ent is clamped, and inwardly projecting fingers 
On Said yoke to Support said cushion at termina 
tion of flexure in the opposite direction. 

14. In a pressure chamber, a diaphragm com 
prising a flexible fluid impervious surface mem 
ber having Oppositely disposed portions and be 
tWeen Said portions a reinforcement therefor con 
prising a coil of relatively rigid strip material, 
Spacers between some of the turns of said coil, 
and coacting fixed and axially-movable fingers 
Clamped to the bottom of the diaphragm. 
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